facility 755652
facility 755653
project 10243

Gross Alpha/Beta

Case Narrative

COGCC
PW NORM 2017 — 10048
Work Order Number: 1706286

This report consists of the analytical results and supporting documentation for two water samples
received by ALS on 06/13/2017.

These samples were prepared according to the current revisions of SOP 702 and SOP 786.

The samples were analyzed for gross alpha and beta activity by gas flow proportional counting
according to the current revision of SOP 724. The analyses were completed on 06/18/2017.
Gross alpha results are referenced to 2°Th. Gross beta results are referenced to **’Cs.

The analysis results for these samples are reported in units of pCi/L. The samples were not
filtered prior to analysis.

Sample volume was insufficient to allow preparation of a duplicate. A laboratory control sample
duplicate (LCSD) was prepared in lieu of a client sample duplicate in batch GA170614-1.

Gross alpha activity is reported in the method blank GA170614-1MB above the achieved
minimum detectable concentration value, as indicated with a “B3” qualifier on the final
reports. The measured blank activity is below the requested MDC. Results are acceptable
according to the current revision of SOP 715, and are submitted without further qualification.

The requested MDC for gross alpha/beta for samples 1706286-1 and -3 was not achieved. The
reported activity exceeds the achieved MDC. The results are flagged with an “M3” qualifier on
the final reports. Results are submitted without further qualification.

No further anomalous situations were encountered during the preparation or analysis of these
samples. All remaining quality control criteria were met.
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The data contained in the following report have been reviewed and approved by the personnel listed
below. In addition, ALS certifies that the analyses reported herein are true, complete and correct
within the limits of the methods employed.

7/24/17
Date

7/26/17
Date
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ALS -- Fort Collins

Sample Number(s) Cross-Reference Table

OrderNum:

Client Name:

Client Project Name:
Client Project Number:
Client PO Number:

1706286
COGCC

PW NORM 2017
10048

CT 2017-3066

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
755652 Coalview 1706286-1 WATER  13-Jun-17 10:16
755652 Coalview 1706286-2 WATER  13-Jun-17 10:16
755653 Oscar Y 1706286-3 WATER  13-Jun-17 11:36
755653 Oscar Y 1706286-4 WATER  13-Jun-17 11:36

Page1of 1

ALS -- Fort Collins

LIMS Version: 6.843

Date Printed: Monday, July 17, 2017
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ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Workorder No: \/‘]LOé Z(%

cie: . (X
<<

Project Manager: — Initials: | Jé S Date: i Q; / { TS’/ [

1. Does this project require any special handling in addition to standard ALS procedures? . YES é@
2. Are custody seals on shipping containers intact? &@ YES NO
3. Are Custody seals on sample containers intact? @KE YES NO
4. Is there a COC (Chain-of-Custody) present or other representative documents? &EY NO
5. Are the COC and bottle 1abels complete and legible? @S NO
6. Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of @ NO

containers, matrix, requested analyses, etc.)
7. Were airbills / shipping documents present and/or removable? ROP YES NO
8. Are all agueous samples requiring preservation preserved correctly? (excluding volatiles) N/A (YES) NO
5. Are all aqueous non-preserved samples pH 4-97 N/A @ NO
10. Is there sufficient sample for the requested analyses? (?@ NO
11, Were all samples placed in the proper containers for the requested analyses? @S NO
12. Are all samples within holding times for the requested analyses? @ NO
13. Were all sample containers received intact? (not broken or leaking, etc.) @8’ NO
14, Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon) N/A @ NO

headspace free? Size of bubble: < preen pea ___ > greenpea
15. Do any water samples contain sediment? o Amount >

. . : N/A YES NO

Amount of sediment: __ dusting hémoderate _____heavy O
t6. Were the samples shipped on ice? ’ Py @ NO
17. Were cooler temperatures measured at 0.1-6.0°C? o IR gun used®™  #2 / #4 ) | g;‘g, (fE@ NO

Cooler #: / Z 'j L‘IL ~ -
Temperature ("C): Mé d/V"G d N - é
No-of custody sealsomeooler————EF— ,é“’——/@ﬁ
DOT Survey
Acceplancs External pR/hr reading: /“. -
Background pR/hr reading: /)
Were extemnal pR/hr readings < two times background and within DOT acceptance criteia? YES /NO fNA. (If no, see Form 008.)

N
Additional Information: PROVIDE DETAILS BELOW FOR A NO RESPONSE TO ANY QUESTION ABOVE, EXCEPT #1 AND #16,

If applicable, was the client contacted? YES / NO

Project Manager Signature / Date:

*IR Gun #2: Oakton, SN 29922500201-0066
Form 201124.x1s (06/04/2012) *IR Gun #4: Oakton, SN 2372220101-0002

Date/Time:

Pagelof
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Gross Alpha(Co-Precipitation) Analysis by GFPC
PAI 724 Rev 12
Method Blank Results

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS -- Fort Collins
1706286

COGCC

PW NORM 2017 10048

Lab ID: GA170614-1MB

Sample Matrix: WATER

Prep SOP: PAI 786 Rev 7
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 17-Jun-17

Prep Batch: GA170614-1

QCBatchID: GA170614-1-1
Run ID: GA170614-1A

Count Time: 1000 minutes

Final Aliquot: 500 ml
Result Units: pCi/l
File Name: aba0617b

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-46-1 GROSS ALPHA 4.6E-01 +/- 2.1E-01 2.8E-01 3E+00 NA B3
Comments:
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC. .
TPU - Total Propagated Uncertainty
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed. o i
MDC - Sample specific Minimum Detectable Concentration
Y2 - Chemical Yield outside default limits.
BDL - Below Detection Limit
LT - Result is less than Requested MDC, greater than sample specific MDC.
M - Requested MDC not met.
B - Analyte concentration greater than MDC.
B3 - Analyte concentration greater than MDC but less than Requested MDC.
DL - Decision Level
Data Package ID: GB1706286-2
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.843
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Gross Beta by GFPC

PAIl 724 Rev 12
Method Blank Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1706286
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Lab ID: AB170614-1MB Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 16-Jun-17

Prep Batch: AB170614-1 Final Aliquot: 200 ml
QCBatchID: AB170614-1-1 Result Units: pCi/l
Run ID: AB170614-1A File Name: ABCO616E

Count Time: 1000 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-47-2 GROSS BETA 3.7E-01 +/- 7.3E-01 1.21E+00 4E+00 NA u
Comments:

Qualifiers/Flags:
U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M - Requested MDC not met.
B - Analyte concentration greater than MDC.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

DL - Decision Level

Data Package ID: GB1706286-1

Abbreviations:
TPU - Total Propagated Uncertainty
MDC - Sample specific Minimum Detectable Concentration

BDL - Below Detection Limit

Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 1
LIMS Version: 6.843
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Gross Alpha(Co-Precipitation) Analysis by GFPC

PAI 724 Rev 12

Laboratory Control Sample(s)

Lab Name: ALS -- Fort Collins

Work Order Number: 1706286
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Lab ID: GA170614-1LCS Sample Matrix: WATER Prep Batch: GA170614-1 Final Aliquot: 500 ml
Prep SOP: PAI 786 Rev 7 QCBatchlID: GA170614-1-1 Result Units: pCi/l
Date Collected: 14-Jun-17 Run ID: GA170614-1A File Name: aba0617a
Date Prepared: 14-Jun-17 Count Time: 30 minutes
Date Analyzed: 17-Jun-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier

12587-46-1 GROSS ALPHA

9.6E+01 +/-

1.8E+01 2E+00 8.920E+01

107 75-125 P

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

LT - Result is less than Requested MDC, greater than sample specific MDC.

Abbreviations:

TPU - Total Propagated Uncertainty

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.
L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported

activity is greater than the reported MDC.

Data Package ID: GB1706286-2

MDC - Minimum Detectable Concentration

Date Printed: Monday, July 17, 2017

ALS -- Fort Collins
LIMS Version: 6.843

Page 1 of 2
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Gross Beta by GFPC
PAI 724 Rev 12
Laboratory Control Sample(s)

Lab Name: ALS -- Fort Collins
Work Order Number: 1706286
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Lab ID: AB170614-1LCS Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 16-Jun-17

Prep Batch: AB170614-1
QCBatchID: AB170614-1-1

Run ID: AB170614-1A

Count Time: 30 minutes

Final Aliquot: 200 ml

Result Units: pCi/l

File Name: ABC0616B

CASNO Target
Nuclide Results +/- 2s TPU

MDC

Spike Added

% Rec

Contro
| Limits

Lab
Qualifier

12587-47-2 GROSS BETA 2.29E+02 +/- 3.9E+01

8E+00

2.270E+02

101

75-125

P,M3

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

LT - Result is less than Requested MDC, greater than sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

Data Package ID: GB1706286-1

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

Date Printed: Monday, July 17, 2017

ALS -- Fort Collins

LIMS Version: 6.843

Page1of 1
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Gross Alpha(Co-Precipitation) Analysis by GFPC

PAI 724 Rev 12

Laboratory Control Sample(s)

Lab Name: ALS -- Fort Collins

Work Order Number: 1706286
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Lab ID: GA170614-1LCSD Sample Matrix: WATER Prep Batch: GA170614-1 Final Aliquot: 500 ml
Prep SOP: PAI 786 Rev 7 QCBatchlID: GA170614-1-1 Result Units: pCi/l
Date Collected: 14-Jun-17 Run ID: GA170614-1A File Name: aba0618
Date Prepared: 14-Jun-17 Count Time: 30 minutes
Date Analyzed: 18-Jun-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier

12587-46-1 GROSS ALPHA

8.4E+01 +/-

1.6E+01 2E+00 8.920E+01

94.7 75-125 P

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

LT - Result is less than Requested MDC, greater than sample specific MDC.

Abbreviations:

TPU - Total Propagated Uncertainty

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Y2 - Chemical Yield outside default limits.
L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LCS Recovery within control limits.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported

activity is greater than the reported MDC.

Data Package ID: GB1706286-2

MDC - Minimum Detectable Concentration

Date Printed: Monday, July 17, 2017

ALS -- Fort Collins
LIMS Version: 6.843

Page 2 of 2
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Gross Alpha(Co-Precipitation) Analysis by GFPC
PAI 724 Rev 12
Duplicate Sample Results (DER)

Lab Name: ALS -- Fort Collins

Work Order Number: 1706286
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Field ID:
Lab ID: GA170614-1LCSD

Sample Matrix: WATER

Prep SOP: PAI 786 Rev 7
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 18-Jun-17

Prep Batch: GA170614-1

QCBatchID: GA170614-1-1
Run ID: GA170614-1A

Count Time: 30 minutes

Final Aliquot: 500 ml
Prep Basis: Unfiltered
Moisture(%): NA
Result Units: pCi/l
File Name: aba0618

CASNO Analvte Sample Duplicate DER |DER
y Result +/- 2s TPU MDC Flags Result +/- 2 s TPU MDC Flags Lim
12587-46-1 | GROSS ALPHA 9.6E+01 +/- 1.8E+01 2E+00 P 8.4E+01 +/- 1.6E+01 2E+00 P 0.477 2
Comments:

Duplicate Qualifiers/Flags:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.
W - DER is greater than Warning Limit of 1.42
D - DER is greater than Control Limit of 2

LT - Result is less than Request MDC, greater than sample specific MDC

M - Requested MDC not met.

M3 - The requested MDC was not met, but the reported

activity is greater than the reported MDC.
L - LCS Recovery below lower control limit.
H - LCS Recovery above upper control limit.
P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

Data Package ID: GB1706286-2

Abbreviations:

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Monday, July 17, 2017

ALS -- Fort Collins
LIMS Version: 6.843

Page1of 1
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Gross Alpha(Co-Precipitation) Analysis by GFPC

1706286
CoGcCC

PAI 724 Rev 12
Sample Results

ALS -- Fort Collins

PW NORM 2017 10048

Field ID: 755652 Coalview Sample Matrix: WATER Prep Batch: GA170614-1 Final Aliquot: 50.0 ml
Prep SOP: PAI 786 Rev 7 : -1- is: i
Lab ID:  1706286-1 p v QCBatchID: GA170614-1-1 Pr.ep Basis: Unfiltered
Date Collected: 13-Jun-17 Run ID: GA170614-1A Moisture(%): NA
Date Prepared: 14-Jun-17 Count Time: 1000 minutes Result Units: pCill
Date Analyzed: 17-Jun-17 Report Basis: Unfiltered File Name: aba0617b
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-46-1 GROSS ALPHA 1.94E+02 +/- 3.2E+01 4E+00 3E+00 NA M3
Comments:
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty
MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit
DL - Decision Level
Data Package ID: GB1706286-2
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.843
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Gross Beta by GFPC

PAI 724 Rev 12
Sample Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1706286
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 16-Jun-17

Field ID: 755652 Coalview
Lab ID:

1706286-1

Prep Batch: AB170614-1
QCBatchID: AB170614-1-1
Run ID: AB170614-1A

Count Time: 1000 minutes
Report Basis: Unfiltered

Final Aliquot: 10.0 ml
Prep Basis: Unfiltered

Moisture(%): NA

Result Units: pCi/l

File Name: ABC0616E

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

12587-47-2 GROSS BETA

1.06E+02 +/- 2.5E+01

2.7E+01

4E+00

NA

M3

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit

DL - Decision Level

Data Package ID: GB1706286-1

Date Printed: Monday, July 17, 2017 ALS -- Fort Collins

LIMS Version: 6.843

Page 1 of 2
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Gross Alpha(Co-Precipitation) Analysis by GFPC

1706286
CoGcCC

PAI 724 Rev 12
Sample Results

ALS -- Fort Collins

PW NORM 2017 10048

Field ID: 755653 Oscar Y Sample Matrix: WATER Prep Batch: GA170614-1 Final Aliquot: 50.0 ml
Prep SOP: PAI 786 Rev 7 : -1- is: i
Lab ID: 17062863 p v QCBatchID: GA170614-1-1 Pr.ep Basis: Unfiltered
Date Collected: 13-Jun-17 Run ID: GA170614-1A Moisture(%): NA
Date Prepared: 14-Jun-17 Count Time: 1000 minutes Result Units: pCill
Date Analyzed: 17-Jun-17 Report Basis: Unfiltered File Name: aba0617b
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-46-1 GROSS ALPHA 4,59E+01 +/- 8.5E+00 3.9E+00 3E+00 NA M3
Comments:
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty
MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit
DL - Decision Level
Data Package ID: GB1706286-2
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.843
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Gross Beta by GFPC

PAI 724 Rev 12
Sample Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1706286
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 16-Jun-17

Field ID: 755653 Oscar Y
Lab ID:

1706286-3

Prep Batch: AB170614-1
QCBatchID: AB170614-1-1
Run ID: AB170614-1A

Count Time: 1000 minutes
Report Basis: Unfiltered

Final Aliquot: 10.0 ml
Prep Basis: Unfiltered

Moisture(%): NA

Result Units: pCi/l

File Name: ABC0616E

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

12587-47-2 GROSS BETA

1.18E+02 +/- 2.7E+01

2.9E+01

4E+00

NA

M3

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.

LT - Result is less than Requested MDC, greater than sample specific MDC.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit

DL - Decision Level

Data Package ID: GB1706286-1

Date Printed: Monday, July 17, 2017 ALS -- Fort Collins

LIMS Version: 6.843

Page 2 of 2
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Sample Condition Form (Liquid)
Analyst: Lum? b““‘\‘
Analysis Date: é/”,] /l'} Method: P“CP
' Sample Condition {Visual Appearance of Analysis Aliquct at Time of Prep)
Work Sample
Order D pH Color Remarks
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| Sample Condition Form (Liquid)
Analyst: LWL&._S B‘Uﬁ— | )
Analysis Date: G/[L.l /1‘7. 5 : o | Method: ?fC—P
o Sample Condition (Viéual Appearance of Analyéis Aliquot at Time of Prep)
Work - Sample A _ _ . '
‘Order - 1D pH Color ' Remarks
1106 226 ‘ L | Cody | Only
! 5 Yelloww O:ly
1106249 | !
1 2— v ' 4 i\)o he
y l \:’k
I
W
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v
/
/ -—.—-’-‘______.——
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Prepare a working dilution of _JO12 409 <, ?Q

1. Density of ‘7’ ?(0 H c\

Jot# OH 066G N’%‘lL

Mass of 100mL vol. ﬂask

Mass of flask & 100mL acid:

Net Mass:
Density:

2. Mass of 1013, 4S8 H, transferred:

i Mass of nalgene & standard
Net mass of standard transferred:

/ - I
{\b\\j Mass of empty nalgene:

3. Dilute to final volume:

- . Mass of nalgene, standard, & diluent:

Mass of empty nalgene:

Net mass of new dilution:

4. Final activity calculation:

é

AYAS ',)c Balance # } O

)(,‘] ()lfS'qa Balance# |\

4

1.OOYSa /R
J

4. l<3k Balance# 13

2< 95334 Balance# |0

L.

’K()()Oo\

1069, TM_ Balance# Qb

Balance# | a

994.5Y
D

T i 1 1

18
1\‘5‘ ”

Matrix/Comp. 4% HCI

P

Half Life (y): 3.01E+01

1

100,943, bl g o, (10095t ) (252255 Syl L
. MM
: C mL 995 59@ I 3] ? g /)
/!g\ \ |
\\S .
749,7‘ —
Vs
Sind ID; 1013.4095.77 .
Description: ~ Cs-137
Expiration: ~ 1/20/12016 Reverification Log
Activity: 131.75 dpm/mL Analysis Date Initials  Expiration Date
. 2] 0 Wz1zalwl]
2s Uncertainty: 0.92 dpm/mL.
Ref, Date:  9/30/2005
Ref Time: NIA
Prep Date: - 1/116/2015 Prep by: TE >

F2)als

|
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Prepare-an intermediate dilution of ﬂ SO ¥ 1031 %
1. Density of QZ: BCS , lot # 0(3()(30‘?\/3‘7A
Mass of 100mL vol. ﬂask ¢« Balance # Za
Mass of flask & 100mL acid: .I 2)SY & Balance# |9
Net Mass: .Y ;j
Density: S0Y e Al
2. Massof $n¥ JO| > -transferred:
Mass of open empty bottle: 298.7% 2N -  Balance# Ak i
Mass of bottle and standard: 4ol 9 Balance# (- ‘ ('
/ { Net mass of standard transferred: .24 f IH” ‘
i
ﬁ‘b 3. Dilute to final volume:
Mass of open empty bottle: Balance# aé
Mass of bottle, standard, & diluent: Balance# @)
Net mass of new dilution:
4. Final activity calculation: \ »\
eth
MLy, ol L0 | A% )= 00,940, s
Hhe D
4‘&\5& S|

;
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Standard Reference Material 4233E
Cesium-137 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive cesium-137 chloride, non-radioactive
cesium chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a
flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization
chambers and solid-state gamma-ray spectrometry systems.

Radiological Hazard: The SRM ampoule contains cesium-137 with a total activity of approximately
1.5MBq. Cesium-137 decays by beta-particle emission to barium-137m, which decays by internal
conversion. During the decay process X-rays and gamma rays with energies from approximately 3 keV to
662 keV are emitted. Most of these photons escape from the SRM ampoule and can represent a radiation
hazard. Approximate unshielded dose rates at several distances (as of the reference time) are given in note
[a]*. Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM
should be used only by persons qualified to handle radioactive material.

Chemical Hazard: The SRM ampoule contains hydrochloric acid with a concentration of 1 mole per liter
of water. The solution is corrosive and represents a health hazard if it comes in contact with eyes or skin.
[f the ampoule is to be opened to transfer the solution, the recommended procedure is given on page 2. The
ampoule should be opened only by persons qualified to handle both radioactive material and strong acid
solution.

Storage and Handling: The SRM should be stored and used at a temperature between 5 and 65 °C. The
solution in an unopened ampoule should remain stable and homogeneous until at least September 2015. The
ampoule (or any subsequent container) should always be clearly marked as containing radioactive material.
If the ampoule is transported, it should be packed, marked, labeled, and shipped in accordance with the
applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous good
(hazardous material) because of both the radioactivity and the strong acid.

Preparation: This Standard Reference Material was prepared in the Physics Laboratory, lonizing Radiation
Division, Radioactivity Group, M.P. Unterweger, Acting Group Leader. The overall technical direction and
physical measurements leading to certification were provided by L.L. Lucas, R. Collé and L. Laureano-Pérez
of the Radioactivity Group. The support aspects involved in the preparation, certification, and issuance of
this SRM were coordinated through the Standard Reference Materials Program.

Lisa R. Karam, Deputy Chief
[onizing Radiation Division

Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
QOctober 2005 Measurement Services Division
SRM 4233E, page 1 of 6 *Notes and references are on pages 5 and 6.
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6)
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8)

9)

Recommended Procedure for Opening the SRM Ampoule

If the SRM solution is to be diluted, it is recommended that the diluting solution have a composition
comparable to that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in
it. Work in a fume hood. In addition to the radioactive material, the solution contains strong acid

and is corrosive.

Shake the ampoule to wet all of the inside surface of the ampoule. Return the ampoule to the upright
position,

Check that all of the liquid has drained out of the neck of the ampoule. If necessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a scribe or diamond pencil.

Lightly wet the scored line. This reduces the crack propagation velocity and makes for a cleaner
break.

Hold the ampoule upright with a paper towel, a wiper, or a support jig. Position the scored line away
from you. Using a paper towel or wiper to avoid contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards

you.

Transfer the solution from the ampoule using a pycnometer or a pipet with dispenser handle.
NEVER PIPETTE BY MOUTH.

Seal any unused SRM solution in a flame-sealed glass ampoule, if possible, to minimize the
evaporation loss.

See also reference [4]*.

SRM 4233E, page 2 of 6 *Notes and references are on pages 5 and 6.
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PROPERTIES OF SRM 4233E

Certified values

Radionuclide Cesium-137
Reference time 1200 EST, 30 September 2005
Massic activity of the solution [c]* 298.6 kBg-g'

Relative expanded uncertainty (,~=2) | 0.70% [d] [e]

Solution mass

(5.0668 + 0.0009) g [b]

Solution density

(1.015 + 0.002) g-mL' at 20 °C [b]

Uncertified values

Physical Properties:

Source description

Liquid in flame-sealed NIST borosilicate-glass ampoule

Ampoule specifications

Body outside diameter (16.5+0.5) mm
Wall thickness (0.60 £ 0.04) mm
Barium content Less than 2.5%
Lead-oxide content Less than 0.02%

Other heavy elements Trace quantities
Chemical Properties:
Solution composition Chemical Concentration Mass Fraction
Formula (mol-L™") (ggh)
H,0 54 0.96
HC1 1.0 0.04
CsCl 1.6 x 10 2.7 x10°
"VCsCl 6.9 x 107 1.2 x 107

Radiological Properties:

None detected [f]

Photon-emitting impurities

Half lives used

Cesium-137: (10983 £ 11)d [g] [5]
Radium-226: (1600 + 7) a [g] [5]

instrument(s)

Calibration method and measuring

Pressurized "4xn"y ionization chamber A calibrated using an
cesium-137 solution whose activity was determined by the

4n(e+X)-y-coincidence efficiency-extrapolation technique.

SRM 4233E, page 3 of 6

*Notes and references are on pages 5 and 6.
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d]}*

Input Quantity x,, Method Used To Evaluate u(x,), Relative Relative Relative
the source of uncertainty the standard uncertainty of x, Uncertainty | Sensitivity | Uncertainty
(A) denotes evaluation by Of Input Factor, Of Output
(and individual statistical methods Quantity, |9yidx, | Quantity,
uncertainty components (B) denotes evaluation by u(x)x,, (xly) u(y)ly,
where appropriate) other methods (%) [h] [i] %) []
Standard deviation of the mean 0.02 1.0 0.02
(within-measurement precision )
for 20 to 100 repeated
PIC A net response per measurements (A)
gram of SRM 4233E,
measured relative to Standard deviation (between- 0.13 1.0 0.13
RRS20 [k] N
measurement precision) for 4
sets of measurement (A)
PIC A net response Standard deviation of the mean 0.01 1.0 0.01
per Bq of cesium-137in | (for both between- and within-
solution, measured measurement precision) for
relative to RRS20. >100 repeated measurements
(A)
Activity used to Standard uncertainty of the 0.31 1.0 0.31
calibrate PIC A net activity determined by the
response per Bq of 4n(e+X)-y-coincidence
cesium-137 in efficiency-extrapolation
solution technique. (B)
Half life of cesium-137 Standard uncertainty 0.10 [m] 0.000! [n] 0.00001
Half life of radium-226 of the half life (A) 0.44 [m] 0.010 [n] 0.004
Gravimetric Estimated (B) 0.03 1.0 0.03
measurements
PIC A charge collection | Estimated (B) 0.05 1.0 0.05
Charge collection Estimated (B) 0.05 1.0 0.05
measurement time {p]
Long-term RRS Estimated (B) 0.05 1.0 0.05
positioning
Photon-emitting Limit of detection (B) [q] 100. 0.0001 0.01
impurities
Relative Combined Standard Uncertainty of the Output Quantity, u (»)y, (%) 0.35
Coverage Factor, x2
Relative Expanded Uncertainty of the Output Quantity, Uly, (%) 0.70

SRM 4233E, page 4 of 6

*Notes and references are on pages 5 and 6.
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NOTES

[a] The Sievert is the SI unit for dose equivalent. See reference [1]. One pSv is equal to 0.1 mrem.
Distance from Ampoule (cm): 1 30 100
Approximate Dose Rate (uSv/h): 300 4 0.3

[b] The stated uncertainty is two times the standard uncertainty.

[c] Massic activity is the preferred name for the quantity activity divided by the total mass of the
sample. See reference [1].

[d] The reported value, y, of massic activity (activity per unit mass) at the reference time was not
measured directly but was derived from measurements and calculations of other quantities. Thiscan
be expressed as y = f(x,,x,, x;, . . X,), where f'is a mathematical function derived from the assumed
model of the measurement process. The value, x;, used for each input quantity i has a standard
uncertainty, u(x,), that generates a corresponding uncertainty in y, u(y) = |9y/dx;|-u(x)), called a
component of combined standard uncertainty of y. The combined standard uncertainty of y,
u,(»), is the positive square root of the sum of the squares of the components of combined standard
uncertainty. The combined standard uncertainty is multiplied by a coverage factor of k= 2 to obtain
U, the expanded uncertainty of y.

Since it can be assumed that the possible estimated values of the massic activity are approximately
normally distributed with approximate standard deviation u_(y), the unknown value of the massic
activity isbelievedto lie in the interval y = U with a level of confidence of approximately 95 percent.

For further information on the expression of uncertainties, see references [2] and [3].

fe] The value of each component of combined standard uncertainty, and hence the value of the expanded
uncertainty itself, is a best estimate based upon all available information, but is only approximately
known. That is to say, the "uncertainty of the uncertainty" is large and not well known. This is true
for uncertainties evaluated by statistical methods (e.g., the relative standard deviation of the standard
deviation of the mean for the massic response is approximately 50%) and for uncertainties evaluated
by other methods (which could easily be over estimated or under estimated by substantial amounts).
The unknown value of the expanded uncertainty is believed to lie in the interval U2 to 2U (i.e.,
within a factor of 2 of the estimated value).

[f] Estimated limits of detection for photon-emitting impurities, as of 3 October 2005 (3 days after the
reference time), expressed as massic photon emission rates, are:
<407v.s"'-g"! for energies between 40 keV and 1350 keV, and
<4 y.s7'.g’! for energies between 1350 keV and 3600 keV,

[g] The stated uncertainty is the standard uncertainty.

[h] Relative standard uncertainty of the input quantity x,.

[i] The relative change in the output quantity y divided by the relative change in the input quantity x;.

If |9yiox;|+(x/y) = 1.0, then a 1% change in x, results in a 1% change in y. If |dyidx,|-(x/y) = 0.05,
then a 1% change in x, results in a 0.05% change in y.

SRM 4233E, page S of 6 *Notes and references are on pages 5 and 6.
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1)

(k]

(m]

(n]
(p]

(a]

(1]

(2]

(3]

(4]

(5]

Relative component of combined standard uncertainty of output quantity y, rounded to two
significant figures or less. The relative component of combined standard uncertainty of y is given
by u,(v)iy = |0yiox,|-u(x,)ly = | plox,|+(xy) » u(x,)x,. The numerical values of u(x)ix;, |yiox,|+(xjy),
and u,(y)ly, all dimensionless quantities, are listed in columns 3, 4, and 5, respectively. Thus, the
value in column 5 is equal to the value in column 4 multiplied by the value in column 3. The input
quantities are independent, or very nearly so. Hence the covariances are zero or negligible.

The response of pressurized ionization chamber A (PIC A) is determined from measurement of the
time required to collect a given amount of charge on a stable fixed capacitor. All of the response
measurements in the NIST pressurized ionization chambers are made relative to the response of one
or more artifact standards. These artifact standards consist of microgram quantities of aged radium-
226 in small welded stainless-steel capsules. These capsules are encapsulated in plastic rods whose
dimensions are similar to those of the standard NIST ampoule. The artifact standards are called
Radium Reference Sources and are designated as RRSx, where x is the nominal mass (in
micrograms) of radium-226 in the capsule.

The relative standard uncertainty of A-¢ is determined by the relative standard uncertainty of 1 (i.e.,
of the half life). The relative standard uncertainty of ¢ is negligible.

fay/axi"(xi/y) = H"”

The charge collection measurement time is determined by counting the pulses from a gated crystal-
controlled oscillator.

The standard uncertainty for each undetected impurity that might reasonably be expected to be
present is estimated to be equal to the estimated limit of detection for that impurity, i.e. u(x)ix, =
100%. |dyidx,|+(x,ly) = {(response per Bq of impurity)/(response per Bq of cesium-137)}-{(Bq of
impurity)/(Bq of cesium-137)}. Thus u,(y)ly is the relative change in y if the impurity were present
with a massic activity equal to the estimated limit of detection.
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Radioactivity Measurements Procedures, Second Edition, 1985. Available from the National
Council on Radiation Protection and Measurements, 7910 Woodmont Avenue, Bethesda, MD 20814
US.A.

Evaluated Nuclear Structure Data File (ENSDF), September 2005.
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Th=-230 5 mb Liquid in Flame Ssaled Vial

Thig s;:anﬂard radionmuclide source was prepared gravimetrically
from a calibrated maaster soluticn. Tha master goluticn was
calibrated by liquid scintillation counting. .

Radionuclide purii:y and calibration were checkad by germaniumh
ganma-ray spectrometry and ligquid scintilliation counting: Tha
nucleax decay rate and assgy date for this source are given -

«
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T " TRICERTAINTY (k=2): -  3.3% : .

¥
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' Q A APPROVED: ’ //éag{(og/ N/ AL
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Gas Proportional Counter

Instrument Calibration

Initial Efficiency Calibration
Standards Traceabillity
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Gross Alpha Co-Precipitation
Instrument: 1L.B4100-A
Calibration: Gross Alpha (Th-230) -- ringed planchet
Drinking Water EPA Method 900.0 Compliant

Date of Calibration: Gross Alpha Eff: 12/07/16
* Attenuation: 04/15/17 & 04/17/17

Efficiency Log Files: Th230-12/16

Efficiency Instrument Files: ETH1207A-C
Attenuation Instrument Files: ACP0415, ACP0417

Source ID’s: (Th-230 853.3020.89)

Explféj ”/5}90/7

0k TP 4l
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Instrument
Plateaus
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ROlIs
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T SUGMNY VNG

1380 Seaboard industriai Bivd,

& Eckert & Ziegler o
. Fax 404°352-2837
Analytics . www.analyticsine.com
CERTIFICATE OF CALIBRATION )5/

Standard Radionuciide Source .

76253-307 Q"L (b
o (2 (
"Th-230 & b Liquid in Flame Sealed Vial \\7}-‘

Customer: Paragon Analyucs / Port Collins, CO
P.0. No.: 72505-REL 10-30-07, Itam 1

This st.anda.rd radionuclide source wés prepared gravimetrically from a calibrated master solution.
The mastex solution was calibrated by liquid scintillation counting.

Radiommelide purlty and calibration weze chedked by gexmanium gamma-ray spectrometry and
liquid scintillation counting. The nuclear decay rate and assay date for this source are given below.

ANALTTICS maintains traceability fo the National Institute of Standards and Technology throngh
Measurements Assnrance Programs as described in USNRO Reg. Guide 4.18, Revision 1.

Isotope: Th-230
RActivity (Ba)s 1.988 B4
. Hall-Life: ' 1.538°'E4 yeus )
‘Calibration Datet ' Novembex 8, 2007 12:00 EST
Relative Expanded
Uncertainty (k=2): 2.0%
Comments: .
Tmpurities: y-impurities <0.1%, o-impurities <0.01%, - ’ .

5.15119 grams 0.5M HNO3 sclution,

Sonroe Prepered By: M_____

N. E Kiesman, Radiochemist .

QA Kpproved: Im ﬂ% " Date: HY~'To—

D. M. Montgomey, QAMilnage:

End of Certificate

t.aboratary

Corporate Offica
1380 Seeboard industrial Bivd. Atlanta, Georgla, 30318

24937 Avenue Tlbbltts  Valendia, California 91355
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—___ Sample Condition Form (Liquid)
Analyst: : M5H i L o B e U S L

Analysis Date: Y /S/)=7 .~

-} sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100A

Instrument Daily Response and Background Checks

Daily Resﬁonse Check Background Check Det.
Det. Start 1 Status Start 2 Status Start 1 Status Start 2 Status Status
1 114 P P
2 /’
3
4 {
5 A
6 oo
7 >
8
9 3
10 oL
12 \ . ¢ (L
5| o 4
14 |
15 ]
16
Det = Detector; o = Alpha; B = Beta; P =Pass; H= High; L =Low; OL =Offline; R = Recount; W= Weekly; NP = Not Processed
. )J
Weekly Background Calibration .
, Current Calib. File ID Weekly Calib. Started Status File ID
Dr A [}') \L ' “A)
DrB
Dt C
DrD O
Dr = Drawer
Gas Supply :
P-10 Supply P-10 Flow
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Tank 2 762 d
] DrD ,
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ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100A

Instrument Daily Response and Background Checks

Daily Response Check Background Check Det.
Start 1 Status Start 2 Status Start 1 Status - Start 2 Status | Status

w/
a

I | V14 P "

A

o el lwlou s |w o=
v

—_ | —

A

to
Z
Z
vd
.t
(\-

p—
W

1% oL )

p—t
ExN

p—t
h

16 A

Det = Detector; o = Alpha; B =Beta; P=Pass; H=High; L =Low; OL = Offline; R = Recount; W = Weekly; NP = Not Processed

Cyrrent Calib. File ID Weekly Calib. Started * Status File ID
DrA’ i ADY W |
DrB
DrC N

DrD O,

Dr = Drawer

Gas Supply ' ‘ : ~

P-10 Supply P-10 Flow

* | Dra LO
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DrD |
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100A
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Instrument Daily Response and Background Checks ;
Daily Response Check Background Check Det. 3
Det. Stjﬂ 1 Status Start 2 Status Start 1 Status Start 2 Status Status ;
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Det = Detector; o = Alpha; B = Beta; P="Pass; H= High; L =Low; OL = Offline; R =Recount; W = Weekly; NP = Not Processed
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

ALS

Instrument Daily Response and Background Checks

SOP 724rLZ.
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&

Start 1

Status

Daily Response Check

Start 2 Status Start 1

Background Check 5
Status Start 2 Status | -
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Det = Detector; a = Alpha; B =Beta; P=Pass; H= High; L =Low; OL = Offline; R = Recount; W = Weekly; NP = Not Processed

Weekly Background Calibration

J"

| Current Calib. File ID Weekly Calib. Started Status File ID

DrA B AM25W)

DrB

DrC

DrD oL

Dr = Drawer

Gas Supply

P-10 Supply P-10 Flow

Tank 1 20600 DrA l O
DrB

Tank 2 & Dr €
DrD "\
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7/-7 ‘ﬁ) SOP 724r ‘7/
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Date H

ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100¢ A S Az T

Instrument Daily Response and Background Checks

. Daily Response Check Background Check
Det. Start 1 Status Start 2 Status Start 1 Status Start 2 Status
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Det = Detector; o = Alpha; B =Beta; P =Pass; H=High; L =Low; OL = Offline; R = Recount; W = Weekly; NP = Not Processed

’J

Weekly Background Calibration

; Current Calib. File ID Weekly Calib. Started Status File ID
Dr A Al AOU50
DrB
DrC
Dr D OL.
Dr = Drawer
Gas Supply - i
P-10 Supply P-10 Flow
100 Dr A LU .
Tank 1 - -
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Analyst: M § H S

~ Sample Condition Form (LiqUid), :

Method: Prep

Analysis Date: Y / 2S //7 Lo

- '-SamplevConditi‘on (\/_isuai Appearance of Analysis Aliquot at Time of Prep)

: Wofk Sarﬁplev . e _ : S
Ordgr — ID ‘ » pH Colyor“ ' ‘ — Refﬁarks
1716007 | ' |~T |clear |DI HeO
i 3 |
| 4 /
1 s I }
C AR N

41V

<

1\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Th- 930 ?60 %c/z (13

i Lcyr‘fl

I;l n4 S’J‘A/

Ixj) (

Page —

Dens1tyofov SMH/‘/ lot# 000@}2?'51?

Aass of 100mL vol. flask:
ss of ﬂask & IGOmL a01d

Dllute to ﬁnal volume

i Net mass of new d11ut10n

'f

4 Fmal act1v1ty calculatlon

Mass of nalgene standard . & dlluent 469 ?" 2— ‘.‘a’
‘Mass of empty nalgene (from above): 74.6SY 3’q

SN

ZQ 534, HSWf ‘.‘5””3/% ¢

6%, 2961 4 Balance#

169 ‘-t3{>2__3 Balance# 12
10“‘“‘[0\ (,\

0[1 o
l “l dT/m(.- s

Balance# Y&
Balance# Z

’5 o’su Sy
@ZZ 5Ll52.<Cj

lz

Stnd ID: 760.4243.03

" Description: _ Th-é30 3

Expiration:  5/5/2017 -

~Activity: 99,01 -

2s Uhcértaihty ' 3.27; :

Ref, Date: . ' 7113/2004
RefTime:. ' NIA. -

Prep Date: 472016

Matrlx/Comp 0. 5 M HNO3.

Half Life- (y): - 7. 54E+04"

“dpmiml
dpm/ml

Prep by: -

Pl

. Reverification Log

' Aﬂa|YSIS Date - Imtlals _ Expiratio

nDate |

TE-

Signed

:"antinued'on:Pagé“‘-‘ cofs
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500 Dol ofiforged

ANALYTICS » g
' : ’ W Phone oA I28ETT ¢
+ T, - . Fax HM&‘Z‘EBSI : H
CERTIFICATE OF CALIBRATION :
Standard Radionuclide Source . ’
68750-307

%

Th~230 5 mb DLiguid in Flame Ze=aled Vial

This é;:anﬂard radiomiclide source was prepared gravimetrically
from a calibrated master solution. Tha master solution was
calibrated by liquid scintillation counting. .

Radionuclicde pu.rii:y aud calibration were chackad by germaniuk
gamma~ray spectrometry and liguid scintillation counting: Tka
muclear decay rate and assay daté for this source are givem -

ANALYTICS wmaintains traceability to the National Instituta of

.Btandards and Technology throush Measuremsnta Assurance Programns
ap described in USNBC Reg. Gulde 4.15, Revisiom 1.

ISOTOPR: * The-230

ACTIVITY (dps): . 1.833 Bé-

' HALF-LIFR: ' 7.538 B{ yeary ‘

" CALIBRATION DATR: ‘July 13, 2004 12:00 EST )
© UNCERTAINTY (ke2): - 3.3%

.Impu.rities:‘” 1—1@31::1‘;159 ;e.;&, u.»?!.mpx{::it;!.eﬂ <o.0?.%
5.08447 grams 0.5M mio, solution. . .~ | _h ; o
? O NUMBRR 70535., Ttem 1,
SOURCE PREPARED BY:

e, Radiochemiat

~

TRALEL g GaS T 1A S So e . T s A Y T Y - W A s i 6 o ey o o 5 0

¥ e e

L I hred
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Instrument: LB4100-C

Calibration: Gross Alpha (Th-230) -- ringed planchet
Gross Beta (Cs-137) -- ringed planchet
Drinking Water EPA Method 900.0 Compliant

Date of Calibration: Gross Alpha 06/09/17
" Gross Beta  06/06/17

Efficiency Log Files: Th230-06/17
Cs-137-06/17

Efficiency Instrument Files: ETH0609A-D
ECS0606A-D

Source ID’s: Th-230->853.3020.89
Cs-137-2>1019.4095.83

ICVID’s:  Th-230->760.4095.67
Cs-137->1013.4095.77

ol W 6ol
&p:m 0&/()@/_ &
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Instrument Daily Response and Baékground Checks
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Det = Detector; a = Alpha; 8 =Beta; P= Pass; H=High; L=Low; OL= Offline; R = Recount; W = Weekly; NP = Not Processed

Weekly Background Calibration

Current Calib. File ID Weekly Calib. Started Status File ID
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DrC
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Dr = Drawer
Gas Supply

P-10 Supply P-10 Flow
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Backg}ound Checks
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Det = Detector; « = Alpha; B =Beta; P = Pass; H=High; L =Low; OL =Offline; R = Recount; W = Weekly; NP =Not Processed

Weekly Background Calibration .
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Prepare a working dilution of £50 % 019

N D

L. Density of Q{g! 'k.] lot #

Mass of 100mL vol, ﬂask
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56,4993 < Balance # )

Mass of flask & 100mL acid:
Net Mass:
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Balance# i a

Density:

2. Massof _RS0O™ 10\ transferred:
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Mass of nalgene & standard

Net mass of standard transterred:
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3. Dilute to final volume:

Mass of nalgene, standard, & diluent: £Q9 Doy

Balance# [
Balance#} 8

Mass of empty nalgene:
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Net mass of new dilution:

4. Final activity calculation:
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Q\S O—¢' 1380 Seaboard Industrial Blvd.
Atianta, Georgia 30318

ECkert & Ziegler lO(cf Tel 404-352:8677

Fax 404-352-2837
Aﬂalyﬁcs www,ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

¥i AON 100 1M 20u0 3

89878
Cs-137 5 mL Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group
P.O.No.:  FCO0O810, Item 3 Product Code: 8137

This standard radionuclide source was prepared gravimetrically from a master solution calibrated with an
fonization chamber, The fonization chamber was calibrated by the National Physical Laberatory, Teddington,
U.K,, and is traceable to national standards. Radionuclide calibration and purity were checked by germanium
gamma-ray spectrometry, liquid scintillation counting, and/or alpha spectrometry, as applicable. The nuclear
decay rate and reference date for this source are given below. Eckert & Ziegler Analytics (EZA) maintains
traceability to the National Institute of Standards and Technolegy through a Measutements Assurance
Program as described in USNRC Requlatory Guide 4,18, Revision 2, July 2007, and compliance with ANSI
N43.22-1995, "Traceability of Radicactive Sources to NIST,”

S
o)

Uncertainty* |, %

Hailf-Life, Activity Typa Reference Date
Isolope Days 7 (Bep) Up, U {12:00 PM EST)
Cs-137 1.CB9E+04 3.12TE+04 0.1 09 18 02/08/2018

*Pneartainty: U - Relative expanded uncertainty, & = 2. See NIST Technical Note 1287, “Guidelines for Evaluating and Expressing
the Uncertsinty of NIST Measurement Results.”

Comments:

Impurities: y-impurities<0.1%.
4.89800 g 0.1M HC!l solution with approximately 30 pg/g Cs carrier.

Source Prepared by: VL‘-'I ///'2/

K. E?xcﬂay', Radicchemist

QC Approved: Date: _TIFe (&
A. Chen, Spectroscoptst

Single Isolope Certificate Rev 7. 3 November 2014 Page 1ol

Corporate Office Laboratory
4837 Avenue Tibbitts  Valencia, California 91353 1380 Seaboard Industrial 8lvd. Atlanta, Georgia, 30318
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Expiration:  2/5/2009 Reverification Lag ;
Activity:  1166.38 dpm/mL Analysis Dats Initials  Expiration Data [ !
;R\“‘JL 55169 | Rt~ | 5/5 [deio] 1. b
AN 2s Uncertainty:  23.33  dpm/mL {197 1K 1171320/ ‘A,g' T
Ref. Date:  11/6/2007 VALFY IR % 1211212015 ‘ﬂ d il .
Ref Time: NIA . ! N
- Prep Date: 121212007 Prep by: DC ' i
Matrix/Comp. 0.5 M HNO3 . x i i
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1380 Seabpard industrial Blvd,
Atlanta, Georgia 30318

ECkert & Zieg]er Tel 404:352+8677

Fax 404:352,2837
An a iy't ics ' . www.analyticsine.com
| CERTIFICATE OF CALIBRATION

Standard Radionuclide Source .

X
76253-307 QS’U %‘56 A

i . .t (V)
Th-230 § mb Liquid in.Flame Sealed Vial Q-b\@@

Customer: Paragon Analytics / Foxt Colling, CO
P.0,.Ne.: 72509-REL 10-30-07, Item 1

-

This stémdard radicniuchide source was prepared gravimetrically from a calibrated master solution.
The mastex solution wes calibrated by liguid scintillation counting.

Radionuclide purity and calibration wezre 'uheckeq. by germanium ga.m.ma-ray spectrometry and
Hiquid scintillation counting. The nuclear decay rate and assay date for this source are given below.

ENALTTICE mainthing traceability to the National Institute of Standards and Tachneology through
Measurements JAssurance Programs as desorbed in USNRC Reg. Cuide 4,15, Revision 1.

Isotope: Th-230
Activity (Bg): 1.988 E4
. Haif-Life: : 7.838'E4 years
' ‘Calibration Date: ~ ' November 8, 2007 12:00 EST '
Relative Expanded )
Uncertainty (k=2): ' 2.0%
Comments: . .
Impuzities: y-impurities <0.1%, a-impurities <0.01%, - ’ .

8.15119 grams 0.5M HNOS sclution.

= DAY SUGURYI VY

Source Prepa.réaﬁﬁ’_mh ?'a.q_m A
. . E. Kesman, Radiochemist

QA Approved: { )7/’7 . % . ' Date: _ /7 F~0 J~

D, M. Montgomet¥, QB Manager

End of Ceﬂi.ﬁcate

Laboratary

Corporate Offlca
1380 Seaboard Industriaf 8lvd, Atants, Georgla, 30318

24937 Avenue Tibbitts Valandia, California 51355
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Cuntinued from Page

;zéai;iiii§;iéfsféiIiiiéiiii
— Prepare a working dilution of £S0% 1751 ! '19' %\S\‘{,

I. Density of ) |M Hd,lot#_mé
B Mass of 100mL vol. flask: S6.493 1 4. Balance # J2

Mass of flask & 100mL acid: Balance# | a

L Net Mass:
» Density: \-
- 2. Massof_30% 101D transferred:
l) Mass of empty nalgene: 1894 Balance# | ) .
. / A !_3\ Mass of nalgene & standard . Balance#) s 13 {1.
' Net mass of standard transterred: " /\gg\l
- 3. Dilute to final volume: kK

n Mass of naigene, standard, & diluent: 4 9 .'?)0\ Balhnce#

g Mass of empty nalgene: 4.19992 Balance# | 3,
(D Net mass of new dilution: - 1o De

- 4. Final activity calculation:

[ 373308, (40dm X q.xﬁeg)g (0973 3937104kl
o (1) ((4990%) (5551014

K 4&\‘)54
el
J‘ 1Lt
Sind ID: 1019.4035.83

Description:  £s-137 ; -

Expiration:  3/6/2016 Ravarification Log

’ ExActivity: 3837.10 dpm/mL Analysis Date _Initials _ Expiration Data
| Z1Zalte | 0 [1Z]7a]ze1;
E "“““*-~— 2s Uncertainty:© 70,87  dpmiml

L 16 Ref, Date: 21912015

] " Ref Time: NIA

: Prep Date:  3I5/2015 Prepby: TE
1. | Matrix/Comp. 0.1 MHCI

1] Haif Life (y):  3.01E+01 - L” }r:
- ~ 1 ' X I
s gPdiz

[ 4
gﬁ
4
o
|
"

-

TN s Continued on Page

70k ldr

Signed Date Signed Date
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@.S 04;*’ 1380 Seaboard Industrial Blvd,
Atlanta, Georgia 30318

ECkert & Ziegler 1019 Tel 404:352:8677

Fax 404-352-2837
Analytics www,ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

vi ASN 1D G 20l 2C-HD 4

REVE
Cs-137 5 mL Liquid in Flame Sealed Vial

Customer; ALS Laboratory Group
P.0.No.:  FCOOUS10, Item 3 Product Code: 8137

This standard radionuclide source was prepared gravimetrically from a master solution calibrated with an
ionization chamber. The ionization chamber was calibrated by the National Physical Laboeratory, Teddington,
U.K., and is traceable to national standards. Radionuclide calibration and purity were checked by germanium
gamma-ray spectrometry, liquid scintillation counting, and/or alpha spectrometry, as applicable. The nuclear
decay rate and reference date for this source are given below. Eckert & Ziegler Analytics (EZA) maintains
traceability to the National Institute of Standards and Technology through a Measutements Assurance
Program as described in USNRC Regulatory Guide 4.18, Revision 2, July 2007, and compliance with ANSI
N42.22-1988, "Traceability of Radicactive Sources to NIST."

S

Uncertainty* , %

Half-Life, 20+ ¥ Aectivity Type Reference Date
Isotope Days ~ (Bep) Wy By U {12:00 PM EST)
Cs-137 1.088E+04 3.727E+04 0.1 09 18 02/09/20158

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1237, "Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results.”

Comamnents:

Impurities: y-impurities<0.1%.
4.99B00 g 0.1M HCI solution with approximately 30 pg/g Cs carrier.

Source Prepared by: V{f //-2/

K. Eleey', Radidchemist

QC Approved: W Date: T (G

A. Chen, Spectroacoptst

Single Isclope Certificate Rev 7, 3 November 2014 Page 1 0f 1
Corporate Office ’ Laboratory
4837 Avenue Tibbitts  Valencia, Catifornia 91355 1380 Seaboard Industrial Blvd. Atlanta, Georgia, 30318
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_Date (0){5;(7 _ SOP 724r l 7/
~ALS
Low Background Gas Flow Proport1ona1 Counter Log
Instrument: LB4100C

<H

Instrument Daily Response and Background Checks

Da11y Response Check - o ~ Background Check - U Det.

Det. | Start1 = Status  Start2 - Status | Start] = Status  Start2  Status' | Stams |

1 s e e

T

=50 [oo [w oo | o o=

e
[\

13

14

6 | V. 1 vl ' [lSlo

© Det= Detecto_r; a =,A1phé; B =Beta; P =Pass; 'H=High; L = Low; OL= Ofﬂiﬂe; R= Recount; W = Weekly, NP = Not Processed

- Weekly Background Calibration
v Current Calib. File ID Weekly Calib. Started B Status : File ID

pra | - BU ()7‘/\)

DrB

I prc

|/

DrD -

_-.Dr = Drawer.

Gas Supply

© P-10Supply ; P-10 Flow

Q |Dra 10

|
Tank 1 ) DrB

_O‘ DrC , .

Tank 2
: DrD

1 2
L3
fo

- Comments:
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Low Background Gas Flow Proportlonal Counter Log
~ Instrument LB4100C :

|| CountDur. | Start | Analyst E Output
TCSt (min) Time -} Initials FileID ~Initials
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Date

SOP 724r 1 Z
ALS

Low Background Gas Flow Proportional Counter Log
' Instrument: LB4100C '

[

| I_n.strurhént Daily Response and Background Cheéks

- “Daily Response Check - C : Backgrouﬁd Check o : Det.

1o
g

Startl  Stams _ Start?  Status | Statl  Status  Stat?  Status | Status

12 ' 1 JV l\aa, | 9o [d {_

\)

- e

‘0;:4—0;"’
5

Slafee [N |o [ ] [u o =

— 0
——

N [
N

Lo s
FiN

H
W
i

—
V)]

T4

R E A R | v :

; bet = Detectori o = Alpha; B = Beta; P="Pass;. H= High; L =Low; OL = Offline; R= Reéount; W = Weekly; NP = th Processed

; ~Weékly Background Calibration

Current Calib. File ID Weekly Calib. Started o Status . - *File ID

DrB

T BT

1 DrC

DrD o N

Dr = Drawer

Gas Supply

P-10 Supply S P-10 Elow

prA | ,(_),

Tank 1 - DB

lg i DrC e bR T

Tank 2

DrD |

-

Comments:

4
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Analyst %A—’[

Sample Condition Form (Liquid)'

" Analysxs Date lll%

ZO\L. E

Method?rzo e

Sample Condmon (Vlsual Appearance of AnaIyS|s Ahquot at T|me of Prep) »

Wprk
- Order

Sample‘v A

pH e Color e Remarks ‘ Lk

- -,\GZ'L{.&;Z'

[Z /'Alg}l,g»'vgil" : Uone

| BT rfglae

I\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Praject . A AN
Lontinted from Page ~d

liEiiifiiiLi%life\&ﬁpﬂfaiuszx

Prepare a working ditution of

{. Density of 0.5 Hiy lot#

Mass of 100mL vol. flask:

6
Balance # | Q

Mass of flask & 100mL acid: . Balance# [ 2\
Net Mass: lol 1100
Density:
2. Mass of 240). 220 (f transferred:
A Mass of open empty nalgene: 24\ R4 Balance# {3
f\\%\ﬁ Mass of nalgene & standard: , Balance# 12 y g\
___,3% Net mass of standard transferred: . 00 Balance# _A/p A \Qﬁ
1 ‘ é

3. Dilute to final volume:
Mass of nalgene, standard, & diluent: Ao A\ = Balance# al
- Mass of empty nalgene (from above):_34.11% 7). Balance#
Net mass of new dilution: Balance# 47

4. Final activity calculation:

ae,gw.\isc\yﬂlj61'01\3)'“\)((3330:%)) =90.06 dwbl
g

3
AL
rfTF_ o
JETISTES ;
Sind ID: 760.4095.67
Description:  Th-230
Expiration: 411212016 iReverification Log
Aclivity: 96.66 dpmimL Analysis Data initials  Explgation Date
L H10TIe | 4107
23 Uncsrlainty: 319 dpmymi
Ref Date: 711312004
Raf Tima: N/A
Prep Date: 12/8/2014 Frep by: TE
- Matrix/Comp. 0.5 M HNO3
_ Half Lifa (y):  7.54E+04 "}v (,/ H / ,
P Ylist)5
: ¥
3
o L = L ™ Continued on Page
'/7 w I Readghnd Ungdfrstogd By
- & g;l\‘é 14 ( "f/l&/@
v Signed Dute 7 Signed Date
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Th-230 5 mh Liquid in Flame Sealed Vial

Thig atandard radicmiclide pource was prepared gravimetrically
from a calibrated master aclution. The maater zolution was
calibrated by liquid scintillation counting. ‘ .

Raddeomuclide purii:y dand calibration wers checked by germanium
gamma-ray spectrometry and licgquid scintillation cowmting: 7The
nucleax decay rate and assgy date for this source are given -
below.

ANALYTICS maintains traceability to the National Instituta of

Btandarda and Technology through Measurements Assurance Programs
as degeribed in USNEC Beg. Cuilde 4.15, Revigion 1.

ISOTOPE: " Th-230 ,

. ACTIVITY (dps): . 1.832 Bé-
R, ' " HALP-LIFR: ‘ (7.538 B years )
et * CALIBRATICON DATE: July 13, 2004 12:00 BST
- " UNCERTAINTY (k=2): ©  3.3%

Impurities: y-lmpurities <0.1%, u-'lnxpurities <0.01%
5.08447 grams 0.5M HNOy solutiom. .~ . ,_ s R
? O NUMEER 70635, Item 1,

SOURCE PREPARED BY:
. e, Radiochemist

'QAu;mﬁvzm - a;/ag\f( ag/.,47//3/b/

\.../,

~

0 4k Al G Ll il TN WL B U5 DG M AL 8 o b SO o ¢ BN S Y O WAV W ¢S g O i T T S S WD WA 8 € T PO T W} i i % s v < s o
- - .

ANALYTICS x ity S
’ . : N . Phone [404) 3528677 i ;
. - - N Fix  (404) 3522897 i
CERTIFICATE OF CALIBRATION ;
Standard Radionuelide Source %
a £8750-307

2 vww

>
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Project
Continued from Page - .
1 1 1 I - N T 19'1‘ |\ AT T T T
- - \\,\15
B ‘Prepare a working dilution of lol?a 4098, ?’é 1 ‘\
1. Density of -_° 70 14 ¢\ , lot # b
. Mass of 100mL vol. flask: 42,548 )e.  Balance # 3
“ Mass of flask & 100mL acid: )1.9,0154 e’ Balance# |
Net Mass: 4 _
Density: ' L.ooY (3
/2. Mass of 1013, 4(AS Ftransferred:
{\\,\" Mass of empty nalgene: . Balance# |2 48
i Mass of nalgene & standard PAY) Balance# | o\ \ \ -
Net mass of standard transferred; l ,’Anot):) | Y

S

H

3, Dilute to final volume:

- .. Mass of nalgene, standard, & diluent:_] 0OLY ,Jo,  Balance# A

Mass of empty nalgene:

Net mass of new dilution: g9s 3

4. Final activity calculation:

100,4943. 6! &fm/s O.OoquML)<

‘%3%%&3 = |3l .?gopfm/m L

Balance# |3,

& N V]
; \\\r\\') .
Y 7}% ‘ Peesi
o7
Stnd ID: 1013.4095.77 .
Description:  Cs-137
Expiration: 1/20/12016 Reverification Log
Activity: 131.75 dpm/mL Analysis Date Initials  Expiration Date
) ol 2129|2017
- 2s Uncertainty: 0.92 dpm/mL
Ref. Date: 9/30/2005
Ref Time: NIA
Prep Date: = 1116/2015 Prepby: TE >
: Matrix/Comp. 4% HCH
Half Life (y):  3.01E+01 W 2 ) g l._;. .
+ f . 5 i

Continued on Page

7 L4t ils

Signed Date

Read an hd

)oals

~ Sig;acd

Dawe
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Project
»  Continued from Pagc

T 1 1 1

v
IATACE

Prepare-an intermediate dilution of R S F j[)l )

1. Density of QZ; H S ,lot# 0(30()03*/’5‘7L

Mass of 100mL vol. ﬂask IS AIAY) ‘1f

" Mass of flask & 100mL acid: 1£9.6015Y r
Net Mass: AR

Density: S04 L

2. Mass of -transferred:

Mass of open empty bottle:

Mass of bottle and standard:
Net mass of standard transferred:

¥

3. Dilute to final volume:

Mass of open empty bottle:

Mass of bottle, standard, & diluent:
Net mass of new dilution:

4. Final activity calculation:

9,618/ [1000Bq Y 60N X )_
. %6\?@? “‘)‘L _%“T}%? o

4 ?.n‘.'\u( I

Balance # la

Balance# |9
Balance# A b A
Balance# Q- - , (l
[ u, T

Balance#
Balance#

a‘l" D
0,9473.6108 MJ

fito '

| .

Continued on Pags

! |

///b//i

ReaWdy&md i

[~fo- 17
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B National Justitute of Standards & Technology

(ertificate

Standard Reference Material 4233E
Cesium-137 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive cesium-137 chioride, non-radioactive
cesium chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a
flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization
chambers and solid-state gamma-ray spectrometry systems.

Radiological Hazard: The SRM ampoule contains cesium-137 with a total activity of approximately
1.5MBq. Cesium-137 decays by beta-particle emission to barium-137m, which decays by internal
conversion. During the decay process X-rays and gamma rays with energies from approximately 3 keV to
662 keV are emitted. Most of these photons escape from the SRM ampoule and can represent a radiation
hazard. Approximate unshielded dose rates at several distances (as of the reference time) are given in note
[a]*. Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM
should be used only by persons qualified to handle radioactive material.

Chemical Hazard: The SRM ampoule contains hydrochloric acid with a concentration of 1 mole per liter
of water. The solution is corrosive and represents a health hazard if it comes in contact with eyes or skin.
If the ampoule is to be opened to transfer the solution, the recommended procedure is given on page 2. The
ampoule should be opened only by persons qualified to handle both radioactive material and strong acid
solution.

Storage and Handling: The SRM should be stored and used at a temperature between 5 and 65 °C. The
solution in an unopened ampoule should remain stable and homogeneous until at least September 2015. The
ampoule (or any subsequent container) should always be clearly marked as containing radioactive material.
If the ampoule is transported, it should be packed, marked, labeled, and shipped in accordance with the
applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous good
(hazardous material) because of both the radioactivity and the strong acid.

Preparation: This Standard Reference Material was prepared in the Physics Laboratory, Tonizing Radiation
Division, Radioactivity Group, M.P. Unterweger, Acting Group Leader. The overall technical direction and
physical measurements leading to certification were provided by L.L. Lucas, R. Collé and L. Laureano-Pérez
of the Radioactivity Group. The support aspects involved in the preparation, certification, and issuance of
this SRM were coordinated through the Standard Reference Materials Program.

Lisa R. Karam, Deputy Chief
lonizing Radiation Division

Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
October 2005 Measurement Services Division
SRM 4233E, page | of 6 *Notes and references are on pages 5 and 6.
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2)

3)

4)

5)
6)

7

8)

9

Recommended Procedure for Opening the SRM Ampoule

[fthe SRM solution is to be diluted, it is recommended that the diluting solution have a composition
comparable to that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in
it. Work in a fume hood. In addition to the radioactive material, the solution contains strong acid

and is corrosive.

Shake the ampoule to wet all of the inside surface of the ampoule. Return the ampoule to the upright
position.

Check that all of the liquid has drained out of the neck of the ampoule. Ifnecessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a scribe or diamond pencil.

Lightly wet the scored line. This reduces the crack propagation velocity and makes for a cleaner
break.

il

Hold the ampoule upright with a paper towel, a wiper, or a support Jig. Position the scored line away
from you. Using a paper towel or wiper to avoid contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards

you.

Transfer the solution from the ampoule using a pycnometer or a pipet with dispenser handle.
NEVER PIPETTE BY MOUTH.

Seal any unused SRM solution in a flame-sealed glass ampoule, if possible, to minimize the
evaporation loss.

See also reference [4]*.

SRM 4233E, page 2 of 6 ) *Notes and references are on pages 5 and 6.
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PROPERTIES OF SRM 4233E

Certified values

Radionuclide Cesium-137
Reference time 1200 EST, 30 September 2005
Massic activity of the solution [c]* 298.6 kBq-g™'

Relative expanded uncertainty (,=2)

0.70% [d] [e]

Solution mass

(5.0668  0.0009) g [b]

Solution density (1.015 + 0.002) gemL"' at 20 °C [b]
Uncertified values
Physical Properties:

Source description

Liquid in flame-sealed NIST borosilicate-glass ampoule

Ampoule specifications Body outside diameter (16.5 £ 0.5) mm
Wall thickness (0.60 = 0.04) mm
Barium content Less than 2.5%
Lead-oxide content Less than 0.02%
Other heavy elements Trace quantities
Chemical Properties:
Solution composition Chemical Concentration Mass Fraction
Formula (mol-L™") (gg"
H,0 54 0.96
HCl1 1.0 0.04
CsCl 1.6 x 10* 2.7x10°
'YCsCl 6.9 x 107 1.2 x 107
Radiological Properties:

Photon-emitting impurities

None detected [f]

Half lives used

Cesium-137: (10983 + 11) d [g] [5]
Radium-226: (1600 +7) a [g] [5]

Calibration method and measuring
instrument(s)

Pressurized "4n"y ionization chamber A calibrated using an
cesium-137 solution whose activity was determined by the

4n(e+X)-y-coincidence efficiency-extrapolation technique.
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d}*

Input Quantity x,, Method Used To Evaluate u(x,), Relative Relative Relative
the source of uncertainty the standard uncertainty of x, Uncertainty | Sensitivity { Uncertainty
(A) denotes evaluation by Of Input Factor, Of Output
(and individual statistical methods Quantity, | Gyiox, |- Quantity,
uncertainty components (B) denotes evaluation by u(x)x;, (xly) u )y,
where appropriate) other methods (%) [h] [i] %) [j]
Standard deviation of the mean 0.02 1.0 0.02
(within-measurement precision )
for 20 to 100 repeated
PIC A net response per measutements (A)
gram of SRM 4233E,
Reasecdrelative 10 | Standard deviation (between- 0.13 1.0 0.13
RRS20 [k] .\
measurement precision) for 4
sets of measurement (A)
PIC A net response Standard deviation of the mean 0.01 1.0 0.01
per Bq of cesium-137 in | (for both between- and within-
solution, measured measurement precision) for
relative to RRS20. >100 repeated measurements
(A
Activity used to Standard uncertainty of the 0.31 1.0 0.31
calibrate PIC A net activity determined by the
response per Bq of 4n(e+X)-y-coincidence
cesium-137 in efficiency-extrapolation
solution technique. (B)
Half life of cesium-137 Standard uncertainty 0.10 [m] 0.0001 [n] 0.00001
Half life of radium-226 of the half life (A) 0.44 [m] 0.010 [n] 0.004
Gravimetric Estimated (B) 0.03 1.0 0.03
measurements
PIC A charge collection | Estimated (B) 0.05 1.0 0.05
Charge collection Estimated (B) 0.05 1.0 0.05
measurement time [p]
Long-term RRS Estimated (B) 0.05 1.0 0.05
positioning
Photon-emitting Limit of detection (B) [q] 100. 0.0001 0.01
impurities
Relative Combined Standard Uncertainty of the Output Quantity, u_ (y)ly, (%) 0.35
Coverage Factor, k x2
Relative Expanded Uncertainty of the Output Quantity, Uly, (%) 0.70
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[a]

[b]
[c]

[d]

[e]

(11

(2]
(h]
[i]

NOTES

The Sievert is the SI unit for dose equivalent. See reference [1]. One pSv is equal to 0.1 mrem.
Distance from Ampoule (cm): 1 30 100
Approximate Dose Rate (uSv/h): 300 4 0.3

The stated uncertainty is two times the standard uncertainty.

Massic activity is the preferred name for the quantity activity divided by the total mass of the
sample. See reference [1].

The reported value, y, of massic activity (activity per unit mass) at the reference time was not
measured directly but was derived from measurements and calculations of other quantities. This can
be expressed as y = f{x,, x,, X;, . . X,), where fis a mathematical function derived from the assumed
model of the measurement process. The value, x;, used for each input quantity / has a standard
uncertainty, u(x,), that generates a corresponding uncertainty in y, u,(y) = |dyidx,|-u(x), called a
component of combined standard uncertainty of y. The combined standard uncertainty of v,
u.(y), is the positive square root of the sum of the squares of the components of combined standard
uncertainty. The combined standard uncertainty is multiplied by a coverage factor of k=2 to obtain
U, the expanded uncertainty of y.

Since it can be assumed that the possible estimated values of the massic activity are approximately
normally distributed with approximate standard deviation u (y), the unknown value of the massic
activity is believed to lie in the interval y + U with a level of confidence of approximately 95 percent.

For further information on the expression of uncertainties, see references [2] and [3].

The value of each component of combined standard uncertainty, and hence the value of the expanded
uncertainty itself, is a best estimate based upon ali available information, but is only approximately
known. That is to say, the "uncertainty of the uncertainty” is large and not weli known. This is true
for uncertainties evaluated by statistical methods (e.g., the relative standard deviation of the standard
deviation of the mean for the massic response is approximately 50%) and for uncertainties evaluated
by other methods (which could easily be over estimated or under estimated by substantial amounts).
The unknown value of the expanded uncertainty is believed to lie in the interval U2 to 2U (i.e.,
within a factor of 2 of the estimated value). .

Estimated limits of detection for photon-emitting impurities, as of 3 October 2005 (3 days after the
reference time), expressed as massic photon emission rates, are:

<40 y-s"'.g"! for energies between 40 keV and 1350 keV, and

<4 y.s7'.g"! for energies between 1350 keV and 3600 keV,

The stated uncertainty is the standard uncertainty.
Relative standard uncertainty of the input quantity x, .
The relative change in the output quantity y divided by the relative change in the input quantity x,.

If |9yidx,|-(x/y) = 1.0, then a 1% change in x, results in a 1% change in y. If |dyidx,|-(x/y) = 0.05,
then a 1% change in x, results in a 0.05% change in y.
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[i] Relative component of combined standard uncertainty of output quantity y, rounded to two
significant figures or less. The relative component of combined standard uncertainty of y is given
by u(y)ly = |0idx,|-ux)ly = |yidx,|-(x/y) - u(x)ix,. The numerical values of u(x,)lx,, |9ydx,|-(x/y),
and u,(y)ly, all dimensionless quantities, are listed in columns 3, 4, and 5, respectively. Thus, the
value in column 5 is equal to the value in column 4 multiplied by the value in column 3. The input
quantities are independent, or very nearly so. Hence the covariances are zero or negligible.

[k] The response of pressurized ionization chamber A (PIC A) is determined from measurement of the
time required to collect a given amount of charge on a stable fixed capacitor. All of the response
measurements in the NIST pressurized ionization chambers are made relative to the response of one
or more artifact standards. These artifact standards consist of microgram quantities of aged radium-
226 in small welded stainless-steel capsules. These capsules are encapsulated in plastic rods whose
dimensions are similar to those of the standard NIST ampoule. The artifact standards are called
Radium Reference Sources and are designated as RRSx, where x is the nominal mass (in
micrograms) of radium-226 in the capsule.

[m] The relative standard uncertainty of 1-¢ is determined by the relative standard uncertainty of A (i.e.,
of the half life). The relative standard uncertainty of ¢ is negligible.

(n]  |8yiox|-(ely) = |2-t]

(p] The charge collection measurement time is determined by counting the pulses from a gated crystal-
controlled oscillator.

[q] The standard uncertainty for each undetected impurity that might reasonably be expected to be
present is estimated to be equal to the estimated limit of detection for that impurity, i.e. u(x)x, =
100%. |9yiox,|+(x/y) = {(response per Bq of impurity)/(response per Bq of cesium-137)}+{(Bq of
impurity)/(Bq of cesium-137)}. Thus u(y)ly is the relative change in y if the impurity were present
with a massic activity equal to the estimated limit of detection,
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