facility 439136
project 10243

Lead-210

Case Narrative

COGCC
PW NORM 2017 — 10048
Work Order Number: 1705202

This report consists of the analytical results and supporting documentation for one water sample
received by ALS on 05/09/2017.

This sample was prepared according to the current revision of SOP 726.

This sample was analyzed for the presence of °Pb according to the current revision of SOP
704. The analysis was completed on 05/17/2017.

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.

The analysis results for this sample are reported in units of pCi/L. The sample was filtered
prior to analysis.

The ICP-AES measurement of lead concentrations prior to chemical separation for sample
1705202-1 and method blank PB170510-1MB showed concentrations less than the amount
known to have been added to the sample in the form of lead carrier. To avoid and minimize
the potential low bias in the final analytical results for these samples, the known
concentration of the carrier was used in the chemical yield calculations in lieu of the pre-
separation measurement. The samples have a low bias of 15% or less in the pre-
separation measurement and are identified with an ‘LB’ flag. The low bias in the pre-
separation ICP measurement for the samples may be attributable to matrix interference.
The reported TPU values for the affected samples may not reflect the additional uncertainty
imparted in the pre-separation ICP measurement due to matrix effects. A low bias in this
measurement for the batch method blank is attributed to the uncertainty associated with the
determination of the carrier concentration in the initial ICP measurements. These
gualifications can be found on the Radiochemistry ICP Worksheet, located in Section 5,
“Raw Data” of this report.
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7. No further anomalous situations were encountered during the preparation and analysis of
this sample. All remaining quality control criteria were met.

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.

A dec

5/25/17
Date
Radiochemi imary Data Reviewer
5/25/17
Radiochemistry Final Data Revie 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:

1705202
COGCC

PW NORM 2017
10048

CT 2017-3066

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
439136 1705202-1 WATER  09-May-17 12:50
439136 1705202-2 WATER  09-May-17 12:50
Page 1 of 1 ALS -- Fort Collins Date Printed: Tuesday, May 23, 2017

LIMS Version: 6.842
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ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Client: C OG C,C_/ Workorder No: rl o § 3_09)‘

Project Manager: 6-{' Initials: ! ﬂ fl Date; 5,—!0 - f/l

Does this project require any special handling in addition to standard ALS procedures?

Are custody seals on shipping containers intact?

Are Custody seals on sample containers intact?

Is there a COC (Chain-of-Custody) present or other representative documents?

Are the COC and bottle labels complete and legible?

Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no. of

. . NO
containers, matrix, requested analyses, efc.)
7. Were airbills / shipping documents present and/or removable? ?ROP ofgy YES NO
8. Are all aqueous samples requiring preservation preserved correctly? {(excluding volatiles) N/A YES (N_'O)
9. Are all aqueous non-preserved samples pH 4-9? N/A (YES\) NO
10. Is there sufficient sample for the requested analyses? (YES) NO
11. Were all samples placed in the proper containers for the requested analyses? (YE;) NO
12. Are all samples within holding times for the requested analyses? (YES) NO
13. Were all sample containers received intact? (not broken or leaking, eic.) (YES) NO
14. Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon)
. N/A NO
headspace free? Size of bubble: < green pea > green pea
15, Do any water samples contain sediment? Amount
y P _ N/A | YES
Amount of sediment: dusting moderate heavy .
16. Were the samples shipped on ice? { YES) 6\19)
17. Were cooler temperatures measured at 0.1-6. ODC? IR pun used*: @ #4 | :;?3{ (YES) (@)
- Cooler #:

Temperature (°C): ‘M
O

No. of custody seals on cooler:

R?cTepS::;‘f:eg External pR/hr reading: N Ip\ N A

Information
Background pR/hr reading: NPE

Were external pR/hr readings < two times background and within DOT acceptance criteria? ' YES / NO{ NA XIf no, see Form 008.)

g

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

Al RaD Sre~ples vn Hhe Ponb C0d o

Addcd 3. S| HND, R ZA. RaD pod_ Tofedd

TR s

byiHe, Final phH <

FWo, 1ok 00, 52 y4¢

fA
If applicable, was the client contacted? YEM&CE }/
Project Manager Signature / Date: __ M/

Date/Time:

*IR Gun #2: Cakton, SN 29922500201-0066
Form 201r24.xIs (06/04/2012}) *IR Gun #4: Oakton, SN 2372220101-0002
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SAMPLE RESULTS SUMMARY
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Lead-210 by Liquid Scintilation

PAI 704 Rev 11
Method Blank Results

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: PB170510-1MB

Sample Matrix: WATER
Prep SOP: PAI 726 Rev 9

Date Collected: 10-May-17

Date Prepared: 10-May-17

Date Analyzed: 16-May-17

Prep Batch: PB170510-1
QCBatchID: PB170510-1-2
Run ID: PB170510-1A
Count Time: 117.966 minutes

Final Aliquot: 833 ml
Result Units: pCi/l
File Name: Q191901N.001

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14255-04-0 Pb-210 -1.4E-01 +/- 3.6E-01 6.1E-01 1E+00 NA U
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
LEAD 8.360E+02 8.060E+02 ug 96.4 40 - 110 %
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: PB1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Lead-210 by Liquid Scintilation

PAI 704 Rev 11
Laboratory Control Sample(s)

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: PB170510-1LCS

Sample Matrix: WATER
Prep SOP: PAI 726 Rev 9

Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 16-May-17

Prep Batch: PB170510-1

QCBatchID: PB170510-1-2
Run ID: PB170510-1A

Count Time: 29.1128 minutes

Final Aliquot: 833 ml
Result Units: pCi/l

File Name: Q202001N.001

CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14255-04-0 Pb-210 4.1E+01 +/- 1E+01 1E+00 4.290E+01 95.8 75-125 P,M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
LEAD 8.780E+02 8.350E+02 ug 95.1 40 - 110 %
Comments:
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty
LT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Minimum Detectable Concentration
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: PB1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.842
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Lead-210 by Liquid Scintilation

PAI 704 Rev 11
Laboratory Control Sample(s)

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: PB170510-1LCSD

Sample Matrix: WATER
Prep SOP: PAI 726 Rev 9

Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 17-May-17

Prep Batch: PB170510-1

QCBatchID: PB170510-1-2
Run ID: PB170510-1A

Count Time: 29.1128 minutes

Final Aliquot: 833 ml
Result Units: pCi/l

File Name: Q214101N.001

CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14255-04-0 Pb-210 4.2E+01 +/- 1E+01 1E+00 4.290E+01 97.4 75-125 P,M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
LEAD 8.450E+02 7.660E+02 ug 90.7 40 - 110 %
Comments:
Qualifiers/Flags: Abbreviations:
U - Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty
LT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Minimum Detectable Concentration
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: PB1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.842
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Lead-210 by Liquid Scintilation
PAI 704 Rev 11
Duplicate Sample Results (DER)

Lab Name: ALS -- Fort Collins

Work Order Number: 1705202
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Field ID:
Lab ID: PB170510-1LCSD

Sample Matrix: WATER

Prep SOP: PAI 726 Rev 9
Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 17-May-17

Prep Batch: PB170510-1

QCBatchlID: PB170510-1-2
Run ID: PB170510-1A

Count Time: 29.1128 minutes

Final Aliquot: 833 ml

Prep Basis: Unfiltered
Moisture(%): NA
Result Units: pCi/l

File Name: Q214101N.001

CASNO Analvte Sample Duplicate DER |DER
y Result +/- 2s TPU MDC Flags Result +/- 2 s TPU MDC Flags Lim
14255-04-0 | Pb-210 4.1E+01 +/- 1E+01 1E+00 P,M3 4.2E+01 +/- 1E+01 1E+00 P,M3 0.0489 2.13
Comments:
Duplicate Qualifiers/Flags: Abbreviations:

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 2.13

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: PB1705202-1

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio
BDL - Below Detection Limit

NR - Not Reported

Date Printed: Tuesday, May 23, 2017

ALS -- Fort Collins

Page1of 1

LIMS Version: 6.842
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Section 4

INDIVIDUAL SAMPLE RESULTS

4
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Lead-210 by Liquid Scintilation

PAI 704 Rev 11
Sample Results

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Field ID: 439136

Lab ID: 1705202-1

Sample Matrix: WATER Prep Batch

Prep SOP: PAI 726 Rev 9 QCBatchID
Date Collected: 09-May-17 Run ID
Date Prepared: 10-May-17 Count Time
Date Analyzed: 16-May-17 Report Basis

: PB170510-1

: PB170510-1-2

: PB170510-1A

: 117.964 minutes

. Filtered

Final Aliquot: 833 ml
Prep Basis: Filtered
Moisture(%): NA
Result Units: pCi/l
File Name: Q171701N.001

CASNO Target Nuclide

Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

14255-04-0 Pb-210 -4E-02 +/- 5.1E-01

8.7E-01

1E+00

NA

u

Chemical Yield Summary

Carrier/Tracer | Amount Added Result Units

Yield

Control
Limits

Flag

LEAD

8.360E+02 5.700E+02 ug

68.2

40 - 110 %

Comments: This sample was filtered prior to analysis.

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: PB1705202-1

Date Printed: Tuesday, May 23, 2017

ALS -- Fort Collins
LIMS Version: 6.842

Page1of 1
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Section 5

RAW DATA
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Spectrum report
5/17/17 6:56:31 AM

Setup information
C:\Program Files\wallac\easy view\PB-210.wss

Window 1 = 190..325 190..325, MCA 11 mode CPM
volume 10 ml

Window 2 = 800..1024 800..1024,
volume 10 ml

Window 3 190..325 190..325,
volume 10 ml

Window 4 = 800..1024 800..1024,
volume 10 ml

MCA 11 mode CPM

MCA 12 mode CPM

MCA 12 mode CPM

file :C:\ Pb-210\ PB-0516\
Q010101N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :3555.8/05 190..325 | 0.000 | 0.000 0.000
SQP(E) :780.24
counting :5/15/17 11:54:00 AM 800..1024 | 0.000 0.000 0.000
sampling :5/15/17 11:54:00 AM
ID: PB170510-1CB1 190..325
800..1024
0.015-4 - - - PR e S b 4 : ....... ‘, mmmmmm PEREEEEE o m >
oot} e R e R R e A LR A i
0.0054 - - -f {4~ ===~ SEREEEEE EEPEETE R e RRREELE EEEEREE PEPEPET
0 S e S e S e 2 S A o A
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\ ¢
Q010101N.001 Crate | Error | Drate | D error | Effi BG | FM | MDA
spectrum 12
counting time :3555.8\(}3 190..325
SQP(E) :780.24
counting :5/15/17 11:54:00 AM 800..1024
sampling :5/15/17 11:54:00 AM
ID: PB170510-1CB1 190..325 | 3.881 |0.256 0.000
800..1024 | 0.7090.109 0.000
.......
& i
12 ]
....... R
mmmmmmm Commmmois
¥ 1
] 3
L]
H
900 1,000

file :C:\ Pb-210\ PB-0516\
Q020201N.001

spectrum 11

counting time :7109.86 s
SQP(E) 77828 v
counting :5/15/17 1:56:00 PM
sampling :5/15/17 1:56:00 PM
ID: 1704378-1

Crate | Error | Drate | D error | Eff| BG|FM | MDA
180..325 | 0.000 | 0.000 0.000
800..1024 | 0.000 | 0.000 0.000
190..325
800..1024
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D 1101 210\ PB-0516! Crate | Error | D rate | D error |Eff| BG | FM | MDA
zgﬁﬁtirr‘]‘é“ﬁmeﬂ:%s&sh 190..325 | 0.000 | 0.000 0.000
fﬁiiﬁ’g :5/1’(73/7197'07?2/0;00 AM 800..1024 | 0.000 | 0.000 0.000
R O IOA |
800..1024
0.061F - -- - - - EERERREE T R SRR IRRRRREE e poooeee e oo =
1% e N A S
Y% USRS SNUUR SRR NN SR SRR S SO RO O
0 o et U S S — ; i
0 100 200 300 400 500 600 700 800 900 1,000
B 101N g 210\ PB-0516) Crate | Error | Drate | D error | Eff| BG |FM | MDA
iﬁﬁﬁifﬁé" ime. 12555.83 5 190..325
So%%;)g LSBT 150:00 AM 800..1024
fg;ngg?goglaﬂ/&;zzo:oo AM 190..325 | 3.662 | 0.249 0.000
800..1024 | 0.692 | 0.108 0.000

file :C:\ Pb-210\ PB-0516\
Q121201N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :7109.94 s 190..325 | 0.008 | 0.008 0.000
SQP(E) :781.46
counting :5/16/17 9:22:00 AM 800..1024 | 0.000 | 0.000 0.000
sampling :5/16/17 9:22:00 AM
ID: 1705086-1 190..325
800..1024

0024 ------ S b eeenn P el S boeemme s e Ll e L

0.015F - -~~~ A o A pHER e A o fmem e y-

0013 ... PR e I b S Lo S Lo e L

3 ¥ & ¥ ¥ ¥ ¥ 1 ¥
0,005 H“H ....... e eeeens b eeeen e s T oeeene e L
0~ * i 3 t H N 1 * H M : ; M ; * H ’ i
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q121201N.001 Crate | Error | Drate | D error | Eff BG | FM | MDA
spectrum 12
counting time :7109.94 s 190..325 ’\
SQP(E) :781.46 v \
counting :5/16/17 9:22:00 AM 800..1024 \0\
sampling :5/16/17 9:22:00 AM
ID: 1705086-1 190..325 | 3.5190.172 0.000
800..1024 | 0.641|0.074 0.000 3

Lrsiq|@hof 93
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0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q161601N.001 Crate| Error | Drate | Derror | Eff| BG|FM|MDA
spectrum 12
counting time :7109.%5/3 190..325
SQP(E) 1779.20
counting :5/16/17 5:32:00 PM 800..1024
sampling :5/16/17 5:32:00 PM
ID: 1705177-3 190..325} 3.7300.177 0.000
800..1024 | 0.793 | 0.082 0.000

file :C:\ Pb-210\ PB-0516\
Q171701N.001 Crate | Error | D rate | D error | Eff BG|FM | MDA
spectrum M
counting time :7109.87; 190..325 | 0.008 | 0.008 0.000
SQP(E) :782.08
counting :5/16/17 7:34:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :5/16/17 7:34:00 PM
1D: 17052021 190..325
800..1024
0.041-f~===== SRR S e i T R SRR SEEEEE i
0.031}. ... R I FU e b et C e P R i-
0.02F - vvuvnm R E ,,,,,,, ,S ....... e O R b _E _______ E. mmmmmm ie
0014 -~ -.. deema o deemes R R e e S Lo i
1 1] ) ¥ £ ¥ ¥ t ] 1
o:M;‘!l, I B e B o B B e ;
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q171701N.001 Crate | Error| D rate | D error | Eff BG | FM| MDA
spectrum 12
counting time :7109.87 s 190..325
SQP(E) :782.08 v/
counting :5/16/17 7:34:00 PM 800..1024
sampling :5/16/17 7:34:00 PM
ID: 1705202-1 190..325 | 3.553|0.173 0.000
800..1024 | 0.844 | 0.084 0.000




file :C:\ Pb-210\ PB-0516\
Q181801N.001 Crate | Error| D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :7109.92 s 190..325| 0.008 | 0.008 0.000
SQP(E) :784.5
counting :5/16/17 9:35:00 PM 800.1024 | 0.000 | 0.000 0.000
sampling :5/16/17 9:35:00 PM
(D: 1705203-1 190..325
800..1024
wwwwww S S S R
' ) : : ; : . ;
““““““ et u e A T ettt Tl Al il S A SR A
______
, . ; ; : : ; .
et Bt g o oy oo omow- T o oy (Al oo oo g - i
e A T | e fonr Y
300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q181801N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 12
counting time :7109(.:?3 190..325
SQP(E) :784.5
counting :5/16/17 9:35:00 PM 800..1024
sampling :5/16/17 9:35:00 PM
ID: 1705203-1 190..325| 5.24910.210 0.000
800..1024 | 0.709 0.077 0.000

file :C:\ Pb-210\ PB-0516\
Q191901N.001 Crate | Error| D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :71095‘9/53 190..325{ 0.008 | 0.008 0.000
SQP(E) :788.1
counting :5/16/17 11:37:00 PM 800.1024 | 0.000 | 0.000 0.000
sampling :5/16/17 11:37:00 PM
ID: PB170510-1MB 190..325
800..1024
0082 wwwwww T ST t wwwwwww y T }f “““““““ ‘ wwwwwww :‘ ***** TR [ ’:‘
i ICROs SEES R SRR K S NS S
Nl
=S
ol L\ : L L : i ! : : 3
H i i 1 N ¥ i i H ¥ £ H M i 3
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q191901N.001 Crate| Error|Drate [Derror |Eff; BG|FM| MDA
spectrum 12
counting time :7109.95 s 190..325
SQPE)  :788.13 v &
counting :5/16/17 11:37:00 PM 800..1024 pe \Q
sampling :5/16/17 11:37:00 PM \ 5
ID: PB170510-1MB 190..325 | 3.401|0.169 0.000
800..1024 | 0.819|0.083 0.000
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wwwwwww Bt
900 1,000
file :C:\ Pb-210\ PB-0516\
Q202001N.001 Crate | Error{Drate | Derror | Eff| BG|FM!| MDA
spectrum 11
counting time:1778.7;s 190..325{ 0.034 | 0.034 0.000
SQP(E) 773.54
counting :5/17/17 12:08:00 AM 800..1024 | 0.000  0.000 0.000
sampling :5/17/17 12:08:00 AM
ID: PB170510-1LCS 190..325
800..1024
e . i E i S S S S S
i ¥ H 1 H ¥ 1 t ¥ H
o7 R S i et s LI S e L s .-
: : ; N | X : : ; X
0.01F---f--f-nvnene | R R S Bl SREE e T EEPEEE
¥ ¥ 1 H ¥ i 13 ¥ + ¥
t H H t ] i ] € 1 ¥
O ¥ ; 1 i ; M H H 1 * ; 1 M ; N 1
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q202001N.001 Crate| Error|Drate D error | Eff| BG|FM| MDA
spectrum 12
counting time :1778.77 s 190..325
SQP(E)  :773.54 v
counting :5/17/17 12:08:00 AM 800..1024
sampling :5/17/17 12:08:00 AM
ID: PB170510-1LCS 190..325 | 58.760 | 1.408 0.000
800..1024 | 0.911]0.175 0.000

fle  :C:\Pb-210\ PB-0516\
Q214101N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
couning ime 17757 190..325 | 0.000 | 0.000 0.000
SQPE)  774.99
counting :5/17/17 12:41:00 AM 800..1024 | 0.000 | 0.000 0.000
sampling :5/17/17 12:41:00 AM
ID: PB170510-1LCSD 190..325
800..1024
0.031f oo S S — —— g P— — E— TR T
Y7 S AN I e ool IR N IS e /Q \\,\
0013 - -f--odeaann R e N e ) \\”\
: : ! : ! ! | : ! : : 5
Y ; — " T — p——— LA A e T T
0 100 200 300 400 500 600 700 800 900 1,000
J
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file :C:\ Pb-210\ PB-0516\
Q214101N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 12
counting time :177857/7 S 190..325
SQP(E) 774.9
counting :5/17/17 12:41:00 AM 800..1024
sampling :5/17/17 12:41:00 AM
ID: PB170510-1LCSD 190..325 | 57.073 | 1.387 0.000
800..1024 | 0.675|0.151 0.000
1 - . v
0 : |
0 100 1,000
file :C:\ Pb-210\ PB-0516\
Q224201N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :3555.91 s 190..325 | 0.000 | 0.000 0.000
SQP(E) 781.43
counting :5/17/17 1:43:00 AM 800..1024 | 0.000 | 0.000 0.000
sampling :5/17/17 1:43:00 AM
ID: PB170510-1CB3 190325
800..1024
; ‘ ) N ; ; ) : ; )
0.0414 - - -~ IRERREEE P IR o TR (ARRREEE poooe- IREEREEE RRRREE 1-
0.031F - <o n-- AR s Jemanens e IR e P AR A 3
002} ----.. P s FOR e R e b deeeeen Commnn 1.
N ¥ t 1) H H ¥ 13 ¥ 1
0.01““' HHHHH i i wwwww e e s oo N ! oeens L N i
(O e —r e SRR ] ;
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0516\
Q224201N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 12
counting time :3555.91 s 190..325
SQP(E) 78143,
counting :5/17/17 1:43:00 AM 800..1024
sampling :5/17/17 1:43:00 AM
ID: PB170510-1CB3 190..325 | 3.223 | 0.233 0.000
800..1024 | 0.742 | 0.112 0.000
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Section 6

QUALITY ASSURANCE
SUMMARY REPORTS
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No NON-CONFORMANCE REPORTS or QUALITY
ASSURANCE SUMMARY SHEETS are included in this data
package.
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Sample Condition Form (Liquid)

Analyst: W

Analysis ;ate: S /]l

Method: Wrw
Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)
Work Sample
Order iD pH Color Remarks
1204328 | |£2.0 | olartess /v
20442 | | | Vel £ Hered
f 3 \ \
(_I/ [ ‘-l/ [ ’suoﬂf \J/
1204412 l colorles e
|20 4449 2 /
L 9 .
()
11eso 55~ ) <
AP
J ¢ \
1705036 | /
d y ——
| 705 095 | | et
{205 )5 ¥ 1 Lot derecd
|205 122 i d/ ,
‘ 2 clowdy I
k}/ Co(a/‘(cia I
|20 2 02 { 0§ I
4 \J/
7205 203 { co lorless
— g() I:G‘ () O~ X1knis

\Oprtns\RAD\FORMS\sample condition form (Liquid)
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66

Project p‘n—-ah:) X»C’iﬂ_ ,L{D%S,Uo (.W(\'LA\' O (S)WMS)Q - !ﬁ
Continued from Page \_)
sl%iliigi.z;
Prepare a working dilution of 9 9.,3416.Y A b
1. Density of _[p HAD3 , lot # QQQOO@ZH’(O L
Mass of 100mL vol. flask: <4990 9. Balance# /@
Mass of flask & 100mL acid: 1<9.9¢al o) Balance# ) O I
Net Mass: 103.0053R e
Density: LO3o! 3‘?’ML ]
2. Mass of gijﬁé m}l& transferred: T
Mass of open empty nalgene: F4.5139a  Balance# | D s
Mass of nalgene & standard: 23, 122 €-. Balance# 12
A Net mass of standard fransferred: 2.3V 6 o Balance# AR
\¥
3_\2\\ \ 3. Dilute to final volume:

Mass of nalgene, standard, & diluent: ||M 3. F e Balance# ) b
Mass of empty nalgene (from above): 34 & }’sﬂ)»\ Balance# ;7
Net mass of new dilution: 10733, l%LVo:) Balance# 4,4

4. Final activity calculation: i

46,494 (J)rm/j (1.030\ 51wl )( 26814 R

(wo%,uzels) i

7 g
; M
AR
!
vy inla g
Stnd ID: 899.4095.66 SR
Description:  Pb-210 : i
Expiration; 10/26/2016 IReverification Log '
Activity: 12110  dpm/mi Analysis Date initials __ Expiration Date
0171]zele | A" llOIZ1120(7
2s Uncertainty: 3.39 dpmiml
Ref. Date: 8/10/2009
Ref Time: N/A
Prep Date: 12/812014 Prep by: TE
Matrix/Comp. 1 M HNO3
Half Life (y): 2.22E+01 T
wlz it
. N A T

Continued on Page

7 SUF el

By

1la)s

Signed

Date Dated3 of 93



1380 Seaboard Industrial Bivd.

O
Eckert&Ziegler ¥ o WOl s

Fax 4044352-2837
Analytics www.analyticsinc.com

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

80328-307
Pb-210 8 mL Liquid in Flame Sealed Vial

. Customer: AIS Laboratory Group / Fort Colling
| P.O. No.: 73625 07-24-09, Item 1

This. standard radicnuclide Source was prepared gravimetrically from a calibrated master solution. The master
solution was calibrated by liquid scintillation counting. Radionuclide purity and calibration were checked by
germanium gamma-ray spectrometry and liquid scintillation counting, The nuclear decay rate and assay date-
for this source are given below. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute
of Standards and Technology through a Measurements Assurance Program as described in USNRC Regulatory
Guide 4.185, Revision 1, February, 1979, and' compliance with ANSI N42.22-1995, "Traceability of Radicactive
Sources to NIST.” EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable
sources, and this source was produced in accordance with the HPS accreditation requirements. Customers may

Teport any concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402,
MecLean, VA 22101, : :
Uncertainty* , %
Half-Life, Activity Type Reference Date
Izotope Days {Bg) Un Uy g (12:00 PM EST)
Pb-210 8145.1 4.078E+04 0.1 1.4 2.8 08/10/2009

*Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelinss for Evaluating and Expressing the
Uncertainty of NIST Measurement Resnlts.*

Comments: : :
Impurities: gamma-impurities <0.1%, alpha-impurities (other than decay products) <0.01%. 52.06357 grams 1M HNO3
solution, carrier free. . oo . Lo : '

Source Prepared by: T\ aaoX_

N.E. Kasate, Radiochemist -

QA Approved: . ¢ ﬁ ] }, /’/}% ' : . Date: £~13-869

D. M. Montgomery, O& Manager

Chlig
QBT BRy,
& .
o 2
9 %
& m
8 g
3 >
Q. ~r
9 S
L ¥

Corporate Gffice Laboratory
24937 Avenue Tibbitts Valencia, California 91355 1380 Seaboard Industrial Bivd. Atlanta, Georgia, 303144 of 93
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Liquid Scintillation Counter

Instrumentation Calibration

Initial Efficiency Calibration
Standards Traceability
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PB-210 Efficiency Calibration Q1220

5 mi sample (8% HNO3) + 15 mL Ultima Gold LLT

2/23/2017
Q1220

Standard used:

2633.37

12 life=
current activity =
volume =
Spike Activity =

901.3610.50

dpm/ml as of 6/15/2006
2.23E+01  yrs.
1888.65  dpm/ml

1.0000  ml
1888.65  dpm
(190-325)  (800-1024)

Window 1 CPM adjusted for chemcial yield and volume

/ Signature & Date

@ w alzin

Signature & Date

1\Oprtns\RADINST\LSC\Q1220\CALIBRATIONS\SINGLE POINT\2016102.23.2017_PB-210_S.PT.xIs

Sample ID WIN1 CORR Yield Vol Adj. Adj WIN1 CPM
1714005-1 1030.579 0.8827 0.8274 1411.08
1714005-2 1041.611 0.9266 0.8274 1358.62
1714005-3 1073.692 0.8257 0.8274 1571.60
Sample ID WIND1 cpm* WIND2 cpm % LUMEX SQP(E)#
1714005-1 1411.083 0.877 0.000 784.13
1714005-2 1358.619 0.843 0.000 779.19
1714005-3 1571.600 0.742 4.380 777.66
PB170221-1AMB 3.499 0.883 0.000 776.17
PB170221-1BMB 3.483 0.765 0.000 780.79
PB170221-1CMB 3.500 0.855 0.000 778.67
average LCS= 1447.10 0.834 0.730 779.44 averages
average bkg= 3.494
netcpm=  1443.61 WIND2 cpm Y%LUMEX SQP(E) #
/known dpm=___1888.65 | 1.04 10.00 794.44 UCL
0.63 0.00 764.44 LCL
efficiency= 0.7644 See Tech. Mgr. See Tech. Mgr. Std. Addition |Corrective Action
*WINDI1 cpm were corrected for chemical yield and volume (Pb-210 spiked into 1000 mL)
o /
Instrument Technician: \/W ?/ /7
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Spectrum report

Setup information
C:\Program Files\wallac\easy view\PB-210.wss

2/24/17 8:54:34 AM Window 1 = 190..325 190..325, MCA 11 mode CPM
volume 10 ml
Window 2 = 800..1024 800..1024, MCA 11 mode CPM
volume 10 ml
Window 3 = 190..325 190..325, MCA 12 mode CPM
volume 10 ml
Window 4 = 800..1024 800..1024, MCA 12 mode CPM
volume 10 ml
file :C:\ Pb-210\ PB-0223\
Q010801N.001 Crate | Error | D rate | D error | Eff BG|FM | MDA
spectrum 11
counting time :1778.38 s 190..325 | 0.000 | 0.000 0.000
SQP(E) :784.13
counting :2/23/117 2:21:00 PM 800..1024 | 0.0000.000 0.000
sampling :2/23/17 2:21:00 PM
ID: 1714005-1 190..325
800..1024
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0‘ T T Y [ ] LI T ] S t 1}
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0223\
Q010801N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 112
counting time :1778.38 s 190..325
SQP(E) :784.13
counting :2/23/17 2:21:00 PM 800..1024
sampling :2/23/17 2:21:00 PM
ID: 1714005-1 190..325 | 1030.579 | 5.897 0.000
800..1024 0.877]0.172 0.000

12+

file :C:\ Pb-210\ PB-0223\
QO020901N.001

spectrum 11

counting time :1778.38 s
SQP(E) 779.19

counting :2/23/17 2:53:00 PM
sampling :2/23/17 2:53:00 PM
ID: 1714005-2

Crate | Error | Drate | Derror | Eff] BG|FM| MDA
190..325 | 0.034 | 0.034 0.000
800..1024 | 0.000 | 0.000 0.000
190..325
800..1024
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file :C:\ Pb-210\ PB-0223\
Q020901N.001 Crate | Error | D rate | D error | Eff BG { FM | MDA
spectrum  :12
counting time :1778.38 s 190..325
SQP(E) 779.19
counting :2/23/17 2:53:00 PM 800..1024
sampling :2/23/17 2:53:00 PM
ID: 1714005-2 190..325 | 1041.645 | 5.928 0.000
800..1024 0.8430.169 0.000
e e ,: -
wwwwwww J’M
_._--..-..--w-.,------..,..--.:-
H
1,000
file :C:\ Pb-210\ PB-0223\
Q031001N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum  :11
counting time :1778.39 s 190..325 | 0.000 | 0.000 0.000
SQP(E) :777.66
counting :2/23/17 3:26:00 PM 800..1024 | 0.034 | 0.034 0.000
sampling :2/23/17 3:26:00 PM
ID: 1714005-3 190..325
800..1024
0.031-f------ B I, [P DU MR ¥omm e o e N ST A ‘-
0.023------ i R A e e R e A R T-
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0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0223\
Q031001N.001 Crate | Error | D rate | D error | Eff BG|FM | MDA
spectrum 12
counting time :1778.39 s 190..325
SQP(E) 777.66
counting :2/23/17 3:26:00 PM 800.1024
sampling :2/23/17 3:26:00 PM
ID: 1714005-3 190..325 | 1073.692 { 6.019 0.000
800..1024 0.776 1 0.162 0.000
0 1,000 )




file :C:\ Pb-210\ PB-0223\

Q041101N.001 Crate| Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :10663.99 s 190..325 | 0.006 { 0.006 0.000
SQP(E) 776.17
counting :2/23/17 6:20:00 PM 800.1024 | 0.000 | 0.000 0.000
sampling :2/23/17 6:29:00 PM
ID: PB170221-1AMB 190..325
800..1024
0.026-4 -~ - -~ - Hmm e e AR i N (o o e MR -
0.02-F » « -~ e dm e | Lo : ,,,,,,, ;. ...... .: ....... ; ....... .j wwwwwww :. ,,,,,,, J‘W
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file :C:\ Pb-210\ PB-0223\
Q041101N.001 Crate | Error | Drate | D error | Eff BG |FM | MDA
spectrum 12
counting time :10663.99 s 190..325
SQP(E) 776.17
counting :2/23/17 6:29:00 PM 800..1024
sampling :2/23/17 6:29:00 PM
ID: PB170221-1AMB 190..325 | 3.505[0.140 0.000
800..1024 | 0.883 | 0.070 0.000

file :C:\ Pb-210\ PB-0223\
Q051201N.001 C rate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :10663.03 s 190..325 | 0.006 | 0.006 0.000
SQP(E) :780.79
counting :2/23/17 9:31:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :2/23/17 9:31:00 PM
ID: PB170221-1BMB 190.-825

800..1024

mmmmmmm
) l l 3 i 5 : 1 + 5
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300 400 500 600 700 800 900 1,000

file :C:\ Pb-210\ PB-0223\
Q051201N.001 Crate | Error | D rate | D error | Eff BG|FM | MDA
spectrum 112
counting time :10663.03 s 190..325
SQP(E)  :780.79 (\
counting :2/23/17 9:31:00 PM 800..1024 /U \
sampling :2/23/17 $:31:00 PM
ID: PB170221-1BMB 190..325| 3.489 0.140 0.000

800..1024 | 0.765 | 0.066 0.000




file :C:\ Pb-210\ PB-0223\
QO061301N.001

spectrum 11

counting time :10664.02 s 190..325 | 0.011 1 0.008 0.000
SQPE)  :778.67

Crate | Error | D rate | D error | Eff BG | FM | MDA

counting :2/24/17 12:34:00 AM 800.-1024 | 0.000 | 0.000 0.000
sampling :2/24/17 12:34:00 AM
ID: PB170221-1CMB 190..325
800..1024
0051 e v o e e P R R -; wwwwwww Too o or o ; wwwwwww Jow e e B oo wom - e ;- wwwwww +
0.041F - =« v = [P e e O, S Lo o e L, [ - [E R I, 4.
S ¥ H 3 3 H H H L 1
0.031F -+ vdenenn- AR LR ERREERI EEEERES o BBttt SECEEEE
0.02F - -vnn- A e g N S R A S P .-
H $ H 1] i ¥ H 1 ¥ H
0014 - -~ e poT VT o I A v VT Poteo 1
O'V”-LFLL"‘ oo L ] IJ ‘, 1 l 1 ; ; i i ¥
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0223\
Q061301N.001 Crate | Error | Drate | D error | Eff BG | FM | MDA
spectrum  :12 190..325

counting time :10664.02 s
SQP(E)  778.67
counting :2/24/17 12:34:00 AM 800..1024
sampling :2/24/17 12:34:00 AM

G e 190..325 | 3.511 | 0.141 0.000

800..1024 | 0.855 | 0.069 0.000




Spectrum report
3/2/17 7:57:58 AM

Setup information
C:\Program Files\wallac\easy view\PB-210.wss

Window

1 =

volume 10 ml

Window

2 =

volume 10 ml

Window

3 =

volume 10 ml

Window

4 =

volume 10 ml

190..325 190..325,
800..1024 800..1024,
190..325 190..325,

800..1024 800..1024,

MCA 11 mode CPM

MCA 11 mode CPM

MCA 12 mode CPM

MCA 12 mode CPM

file :C:\ Pb-210\ PB-0301\
Q010101N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :3555.84 s 190..325 | 0.084 | 0.038 0.000
SQP(E) :783.73
counting :3/1/17 1:05:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :3/1/17 1:05:00 PM
ID: PB170227-1CBH 190..32
800..1024
| R
YR R | S Y R R 1 I e R e A L P 3
0.0054 - --f-4- - - oo U B | ARRREETI ERPPRTE B L P
0 1 ‘ = b T L T T L T 1 L
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0301\
QO010101N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 12
counting time :3555.84 s 190..325
SQP(E) :783.73
counting :3/1/17 1:05:00 PM 800..1024
sampling :3/1/17 1:05:00 PM
ID: PB170227-1CB1 190..325 | 2.885 | 0.221 0.000
800..1024 | 0.574 | 0.098 0.000

:C:\ Pb-210\ PB-0301\
Q020201N.001

file

spectrum 11

counting time :1778.78 s
SQP(E) :782.99
counting :3/1/17 1:37:00 PM
sampling :3/1/17 1:37:00 PM
1D: 1714006-1

Crate | Error| D rate | D error | Eff BG | FM | MDA
190..325 | 0.000 | 0.000 0.000
800..1024 | 0.000 | 0.000 0.000
190..325 \’)
800..1024 QQ 7/

Vs
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0.082} - R s . . e . . . Lo i
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0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0301\
Q020201N.001 Crate | Error | Drate | D error | Eff| BG|FM | MDA
spectrum 112
counting time :1778.78 s 190..325
SQP(E) 1782.99
counting :3/1/17 1:37:00 PM 800..1024
sampling :3/1/17 1:37:00 PM
ID: 1714006-1 190..325 | 59.333 | 1.415 0.000
800..1024 | 0.8770.172 0.000
....... T T I R
H ¥ k
¥ 3 H
tand . ;
i k] ¥ 3 H
800 900 1,000
file :C:\ Pb-210\ PB-0301\
Q030301N.001 Crate; Error | Drate [Derror | Eff| BG|FM|MDA
spectrum 11
counting time :1778.77 190..325 | 0.000 | 0.000 0.000
SQP(E)  :780.69
counting :3/1/17 2:10:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :3/1/17 2:10:00 PM
ID: 1714006-2 190..325
800..1024
0.061f------ FEREREEE poeee EERERE, SRR EERREEE SEREEEE RRREEE SEREREEE o 1
0.041} - - A e o e Fomm (= e A o 1=
] % i 3 5 B i H ] s
0.024f-- -4~ R EEEEEEEETTEE e EREEE o R
] , X : X : : . : 1
0"'&“! N S e S S S S I
0 100 200 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0301\
Q030301N.001 Crate | Error | Drate | Derror | Eff| BG|FM| MDA
spectrum 12
counting time :1778.77 s 190..325
SQP(E)  :780.69
counting :3/1/17 2:10:00 PM 800..1024
sampling :3/1/17 2:10:00 PM ’)
ID: 1714006-2 190..325 | 58.658 | 1.407 0.000 (2/ \
800..1024 | 0.911{0.175 0.000 J 20




2840401;\?30'?"210\ PB-0301\ Crate | Error | Drate | D error |[Eff| BG|FM | MDA
igﬁﬁgﬁgﬁmeﬂn&ms 190..325 | 0.000 | 0.000 0.000
fgjﬁﬁ’g B 0 PM 800..1024 | 0.000 | 0.000 0.000
;sgﬂ%l;nfodgglﬂ 2:43:00 PM 190,305
800..1024
0.031-F-HH--{}------ s REREEEE oo I ERRREEE - peee- SEREREEE EREEEE 1
58] A A A
oord LA
oL S T P TS Tt T T T
0 100 200 300 400 500 600 700 800 900 1,000
2840401;\?30?'210\ PB-0301\ Crate | Error | Drate | D error | Eff| BG|FM|MDA
iﬁﬁﬁifﬁg'," time'112 778.78 s 190..325
fo%ﬁgi?)g A1y 243:00 PM 800..1024
T Y A/17 2:43:00PM 190..325 | 62.166 | 1.448 0.000
800..1024 | 0.337|0.107 0.000

100

2350501;\%0'jb'21°\ PB-0301\ Crate | Eror|Drate | D error |Eff| BG |FM|MDA
igﬁﬁgﬁ?timezgsss.su 190..325 | 0.000 | 0.000 0.000
ggﬁgi’g :3/1-/71870-3235:00 oM 800..1024 | 0.000 | 0.000 0.000
ERRATISE e
800..1024
0.061F - ----- SREREEEE peeeee- 3o RREEEE veenee- EEREEREE e SRRREEED Peeeeee 1
90 T U O O A B
002} oo di R IR IR SN S AR
I S S S O S S S S
0 100 200 300 400 500 600 700 800 900 1,000
2850501;\530':;&"210\PB'0301\ Crate | Error|Drate | Derror | Efff] BG|FM| MDA
iﬁﬁﬁttfﬁé" fime (3555.64 5 190..325
SOE) IR o /1? 5
S T ey 00 PM 190..325 | 3.004 | 0.225 0.000 )
800..1024 | 0.658 | 0.105 0.000




............................... R
............................... P UV
0.041F- - -~ 4 BEREE 8 B -1-11)- 10 -1 J-B-1-4LE RPRF - - BHH<HAH-HAHEH--- - - S et R 4~
0.02 . -
800 900 1,000
2860601;\5?30':1‘!}210\ PB-0301\ Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 11
counting time :10664.06 s 190..325 | 0.000 | 0.000 0.000
SQP(E) :783.62
counting :3/1/17 6:48:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :3/1/17 6:48:00 PM
ID: PB170227-1AMB 190..325
800..1024
PO Ammm Yo e e P e [ o A .
.......
R R AR e REEEEEE R e R
““““““ |“
e $ ——— > f e ’
300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0301\
Q060601N.001 Crate | Error | D rate | D error | Eff BG | FM | MDA
spectrum 12
counting time :10664.06 s 190..325
SQP(E) :783.62
counting :3/1/17 6:48:00 PM 800.1024
sampling :3/1/17 6:48:00 PM
ID: PB170227-1AMB 190..325 | 3.055|0.131 0.000
800..1024 | 0.9400.073 0.000

2870701 ;\]Cé)\oljb-210\ PB-030M Crate | Error | Drate | D error | Eff| BG|FM | MDA
spectrum  :11
counting time :10664.14 s 190..325 | 0.011|0.008 0.000
SQP(E)  :780.20
counting :3/1/17 9:50:00 PM 800..1024 | 0.000 | 0.000 0.000
sampling :3/1/17 9:50:00 PM
ID: PB170227-1BMB 190..325
800..1024
0.031-f -~ - - M A e U e e o MR RN -
] X X : : ; : : ; ) '
0-02“ ““““““ o g @ e e T £ T oo oo e oo oo e | 2 i Bl [t T
N H 3 3 ¥ 1 i : : : :
0.01f - -vmvmdummvm R R R R EEE R s el R D i Q)'Z/\P)
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file :C:\ Pb-210\ PB-0301\
QO070701N.001

spectrum 12
counting time :10664.14 s
SQP(E) :780.20

counting :3/1/17 9:50:00 PM
sampling :3/1/17 9:50:00 PM
ID: PB170227-1BMB

Crate | Error |Drate | Derror | Eff; BG|FM|MDA
190..325
800..1024
190..325| 3.365/0.138 0.000
800..1024 | 0.737 | 0.064 0.000

2880801;$30F;b-210\ PB-0301 Crate | Error | D rate | D error | Eff BG | FM | MDA
iﬁﬁﬁﬂﬁg‘ time:?110664.095 190..325| 0.011 | 0.008 0.000
Sﬁiﬁ;’g :3,2',71779'12253:00 AM 800..1024 | 0.000 | 0.000 0.000
o PB10zrACME 190..325
800..1024
0.015f——---- S S - S — " SEEEE e ——
L R S e S e
T T
o ; ——— i
0 100 20 300 400 500 600 700 800 900 1,000
2(6)80801;\? (:)\Oljb-210\ PB-030T\ Crate| Error { D rate | D error | Eff BG | FM | MDA
22323#31 time'1:12 0664.09 s 190..325
fﬁ'ﬁﬁﬁ’g :3/2'/71779 '1228:53:00 AM 800..1024
S v 00 AM 190..325| 3.128 | 0.133 0.000
800..1024 | 0.765 | 0.066 0.000

:C:\ Pb-210\ PB-0301\
QO090901N.001

file

spectrum 11

counting time :3555.84 s
SQP(E) :780.56
counting :3/2/17 1:56:00 AM
sampling :3/2/17 1:56:00 AM
ID: PB170227-1CB3

Crate | Error | Drate | D error | Eff| BG|FM | MDA
190..325| 0.000 | 0.000 0.000
800..1024 | 0.000 | 0.000 0.000
190..325
800..1024




0.031-F ~ v Je v et w e i tow e N b PR fm b Ao ey
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0,02} --{---3-caeon- e Semeemnn e LR e A - AR
0014 - “ ------ SEEEREEECENI SE TR TS SEPELEE oo RETTEEE EERRERE
¥ t L} ¥ 1 1 3 H t
Ot Y t ) L S e e S e DA et
0 100 20 300 400 500 600 700 800 900 1,000
file :C:\ Pb-210\ PB-0301\
Q090901N.001 Crate | Error [ Drate | Derror | Eff| BG|FM | MDA
spectrum 12
counting time :3555.84 s 190..325
SQP(E) :780.56
counting :3/2/17 1:56:00 AM 800..1024
sampling :3/2/17 1:56:00 AM
ID: PB170227-1CB3 190..325 | 3.358 | 0.238 0.000
800..1024 | 0.726 { 0.111 0.000
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Sample Condition Form (Liquid)

Analyst: M\
Analysis Date: 2 /2 / //7 | MethOd:Pchjg

Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)

Work Sample
Order 1D pH Color Remarks
ety

T7® 140057 | L2 -0 | olorlen SN HNOx aecd ,,/JF,'AQ

| 2 [ / |
N A 2 I 2

AA

I:\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Sample Condition Form (Liquid)

Analyst; %

Analysis Date: 2 [27 /(7

Method: Pre

Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)

Work Sample
Order ID pH Color Remarks
| 2140666 [ (.0 C/aaf 0D T . SN

\ 2

f \ |

d 3

T T

D

2
>
=
P
-
.
vt

N

1:\Oprtns\RAD\FORMS\sample condition form (Liquid)
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PROJECT ’49'2" 0] 3élke. 50 £h-210 o (323ntll‘1u:1 From Page .__z,c_t__.__._‘/—
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Sind ID: 901.3610.50 ?‘G lolb”o
Description: Pb-210
Explration; 10/13/2011 Reverification Log
Activity:  2633.37 dpm/mL Analysis Date Initials  Evpimation Dats
4 A4 M 1 o]

o25 Unceriginly: 6320 dpm/mL {
b Ref. Date;. 6/15/2008 , E%; D i

Relf Time: NJ/A \ K 94

Prep Date: 12/23/2009 Prep by: Jb v 2 ‘U(I/
b Matrix/Comp. 1M HNO3 b i
N Haiflife(y): 2.22E:0%

Jphio
% 19}
I Continued on Page
Read and Understaed By
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s

' Cerfifirate = g

" radioactive lead-21¢ in 2 suitably stable and homogenieous matrix, Ttis intended prisharily forthe calibrition:of

"+ooinstrumends that are used {o meastire radioactivity. and for the monitoring of radiochemical procedures:: Thé:

"4 .. solution, whose composition is specified in Table:1 ‘is:contained in a flame-sealed; 5 mL, NIST, borositicate
SR glass ampoule (see Nate, 1)*.". s A I T TR TN .

o e

e zeceipt: s solition. matrix, in an iriopéniad amponle; is béfieved to be indefinitsly Hombgensous and
i stable, within 1ty hallife;dependent, isefyl Lifetime. /NIST will-indnjtor this taierial and will tepor any

e

Shonld gnx.pfthg‘éerﬁﬁeaxalues"éhaﬁge;‘ purchasers of

s

: hipm‘enf; fOrdEfa.lls’(seeNote 1 DT

. K

> This Standsrd Refétencs Materialvas. prepared:in‘the, Physics Labratoryy Tonizing Radidtion Division,

DLt Radicadtivity Group, Dr M.P. Unterweger, Arting Group Leadet.: The overall technical direction and physical
b0 measurements Teading' o ‘certification were provided by Drs. R.. Collé; and’L: Laureano-Pérez. of the
P . ..:" . Radivactivity Group with pr@aucﬁgn;assis:ancebyjp.n,}eoxa;ahdogggéial;ﬁca;m;;ggph Associatésof the )
. Nuclear Energy Ingﬁmit;éigﬁ&@vﬁﬁﬁi%@én{aﬁsﬁt@égbybtg;I.Qyj:cflé; L. Pillida snd R Fitzgerald of the:
.+ Radioactivity Groiip, The support aspects involved in the preparation, certification; and issiiance of this SRM
. were coordinated through the Standard Referénce Materials Program, . >’ L. o

-

or

RATEN

L Wattrs; Jr., Chief °

Géithersburg, Maryland 20899

3 November 2006 - # - Measurement Services Divisian
. »_:x; I n P : ;f, . Lo
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Table 2 Unce:tmnty evaluanQn for the massm actmty for SRM 4337

. Relauvestanda:ﬂ

-+ . | Assessment uncertamty conmbuuon on |7 ,

. .| Type' | massic activity of °Pb (%) A
o LSvmhmmeasmementpreelsmn,typmal N N S ' L

.| standard deviation of theméanfor 7to 11, * © " |- T i | oo s

1| repeated measurements; values ranged from AT e 0037

Uneertamty component

g 0.008 % to 0.056 % )

: LS measurement precision; reproduc:blhty m L R

;- massic activity for 7to 11samplesintwo ™~ >} 7y o o L]t

- - [ measurement series with three counters on two to; g W 0067
2 threemeasmemcnt occasions; “standard’ dewanon LTl o

5 of the mean for v = 443 dégrees fréedom " ¢ .|

e - 1 s | Background ] LS measurement vanabIhty, *wholly' o PR

. embodied in'components 1&2° - . B
Scintillator dependencles, wholly embodxed m ‘
components, 1 &2 .-

I8 cocktaﬂ stabxhty and composmon msmatch
effect . oo .

” Grawmemc (mass) measurements for LS som:ce
- { and for *H standard dilution': .

Live time determiniations for LS coummg tme :

intervals, incliades uncoirected: dead ttme effects"-

- Decay cortectiots o 2'"’Pb

/9", | Decay corrections for 3H

Lu.mt for pho’ton-emxtnng 1mp1mt1es ST

Beta endpoint energy,. Eg(m), for 21°Pb for an

‘| ymeertainty of 0.5 keV - o
Beta decay branching ratios for me fo an” '_

uncertamtyof003 - Lo

1 Eg(m) for mBl for an uncertamty of 1 5 keV
4 ,(;omput\ed B detection efficiency forme

' ‘Computed B detection efficiency for "’°B1 IO B

.| Assumed a detection efficiency for 2“’Po RS B

‘ mcludmg extrapolatlon to-zero energy. - ‘ -

Relatwe combmed standard uncertamty

Relatxve expanded uncertamty *k=2) " o o :
L= (A) denotes evaluanon by statxstxcal methods (B) denotes evaluanon by othor methods .} -

.';‘
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L e ,'";Cerhf‘edvalues = , A ,
.+ .| Radionuciide T Lead210 s e T
o | | Reference time' .. =, *., |20 EsT, 1,.5'*7‘,14‘*290.,6'-
- i'Massw actwuy of the solutmn . e 9‘037‘]{3('1?-1 ‘ ; T
" Relative expanded uncertainty (k =2) . |24 % (see Note 2)* . :
' Uncemﬁedmformanon T

1] Soires deseription | Liquid in flame-sedled, 5 mI, NIST borgsilicate ampoule Good Note 1)

1.0 moI-L I—INO; wﬁh 21 pr and it }Lg P'n"'2 per gram of
solution -~ :

| Solution denmty 0 1.(1.028%0, ooz) g*mL‘l &t 2, 0%C: (see Note 3)

Sohmon mass '; SIER 133 +0.002) g (sec Note 3)

.?hoton.exmmng FTAS :
. .nnp urrtaes N None detected (see Note 4)

K 2‘% 2230022727
.Halfhfcsused N E "'(1232i002)a7

| Solution "com;ioéitiéni

K

i 3 S 18394#0 008) keV*' 1* a]lowed
‘2’°Pb (6375 % 0. Sykev?; (0.16 £ 0.035;’ non-umque first-forbidden
2 (17.050.5) ke\ﬁ (0*8 é 0:03); non~umque fitst; forb1dden
(11621#15)1«3 : SR

: -computatmns (beta
: particle maximum'’.
. energies; branchmg 3
: ratzos* tansmons) [1] : R
| The camﬁed massic actmty for szb in radmactwc ethbnum wnh
y szl sand - %0 was obtamed by" 41uxB hqmd scmtlliauon @Sy -
. ’spectmmeuy with! three commercial, LS, counters.” The LS. detection | .
g s, o) effidiency - was calculated using the - *CN2003 code . [2] for 'the |- .
{-| Calibtation method " CIEMAT/NISTmethodthh compo&uonmatchedLS cocktaﬂs ofa *H “
-1 {and instruments) ', !|'standard as’ the efficiency "detection "monitor. . . Confirmstory |
s el aieal R reasirements svere also performedbyhlgh-resoluhonHPGe gamma-ray |
T e :spectromeu‘y,byZM spectrometry of: separated mZPv::wx’chan sutface
P LT barner detector andby4'n[5(LS) y(Nal) an.ucommdence countmg
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n Note L. Refer to'http: i - forthe standardxzed ampoule dlmensmns- RN SRR
and for assistance and mstrucﬁons on how to properly open an ampoule Informanon on additional storage and - -
_ hand[mg reqmrements is also mcluded in the websxte )

.:  Note2. “The uncertamﬁes on cemﬁed valuw are expanded uncertalntxes, U Imc The quantlty u.is e~ -
/""" combined standard uncertainty calculited décotding to thie 1SQ aud NIST.Guides (see references [3] and [4]).:
* ~,.  The combined standard uncertainty is mulhphed bya coverage factor of =2 and was chosen to obtam an
' approxunate 95 % level of confidence. -

. Note 3. The s’mied mcertamty is 'two t:mcs thc standard uncertamfy See reference [4}

PR ~Notetir neeshmamdlowerlnmts ofdetectmn fqr photon—emmmg xmp\mtxes, expressedas massm photon; A N
' ~. - éinission rates, on 27 December 2005, were: - " -
' 175 gt for20keV<E<60keV T U T S

03:5’l '} for60kaV<E<1800keV T e e

. ‘_,,‘ Note 5 The stated uncertamty is the standard uncertamty See reference [4]

"‘ Evaluated Nuclear Stmcture Data Fﬂe (ENSDF), onhne daiabase, Natmna] Nuclear Data Center, e
'.Brookhaven La‘boratory (Upton, NY) Dctober 2006 Refer f0 @JIWWW rmdc bnl govjensdf/ -

"Intemzmonal Orgammnon for Standardlzatxon (ISO), Gwde to the Express:on of Uncertamty n..
Measurement; 1993 (corrected andrepnnted 1995) Availible ﬁ'om Global EngmeenugDocumenm,, .
_'12 Invemess  Way East, Englewood, CO 801 12 U S.A. 'I‘elephone 1~800-854-7 179 ’

4] B. N Taylor and C E Kuyatt, Guzdelmes for Evaluanng and Expressmg the Uncertazmy of NZST B
KR Measurement Results, NIST -Technical Note 1297, 1994. Available from the Supenntendent of
= uDocuments U. S Govemment Pnntmg Oﬁce, Washmgton, DC 20407 U S A. .
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Continued from Page

66 Project Q\\-—a\o X"’L"L%Ootgl(o(o DVO(\{\\' r\i\) ‘.‘A"N\M—‘

b ot J T T T
I;1§f1?szfiifi/rém\g\‘\&¥!:s,i.iiz

Prepare a working dilution of €9 9.3L16.Y &

1. Density of _{an HAD3 , lot # QQQOD%E r’Ho
Mass of 100mL vol. flask: 56N .. Balance# 13

! Mass of flask & 100mL acid: 159.4Y$2] o) Balance# ) O
Net Mass: 103-00
Density: \ L
2. Mass of Zﬁj_f%[ﬂ,l{a\ transferred:
Mass of open empty nalgene: 74.5/39a  Balance# | D L - |
Mass of nalgene & standard: —13.129 S~ Balance# |3 45?\“‘3\‘
( A

3. Dilute to final volume:

A Net mass of standard transferred; - { o Balance# A/A
b iy
gffa

Mass of nalgene, standard, & diluent: 193} F e Balance# 7§
Mass of empty nalgene (from above): 3¢ ¢ SN Balance# ;9

Net mass of new dilution: i A Balance# LA

4. Final activity calculation:

46,296 J)r"“‘/j (1osolylml )w = 1L 103wkl

( lotr's,nzé,\j)

A
-
pia

!

. 220 ‘ by ! 5
Stnd ID: 899.4095.66 LR )
Description:  Pb-210
Expiration; 10/126/2016 {Reverification Log
Activity: 12110 dpm/mi Analysis Date Initials __ Expiration Date

0171]2010 | TN 1OZ1]20/7
2s Uncertainty: 3.39 dpm/mi

Ref. Date: 8/10/2009

Ref Time: NIA

Prep Date: 12/8/2014 Prepby: TE -
Matrix/Comp. 1 M HNO3 '

Half Life (y): 2.22E+01 |
_ , |

L
N

- Continued on Page

7 St | 2l 11/3])s

Signed Date Date

D i
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¥ ‘
— : o T s el s
= Eckert & Ziegler Q~ Al wﬂ% MOV e

. Fax 404.352-2837
Analytics

www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source
80328-307 _
Pb-210 8 ml, Liquid in I-'Ian'_le Sealed Vial

Customer: AlLS Laboratory Group / Fort Colling
P.O. No.: 73625 07-24-09, Ttemn 1

' This.standard radionuclide‘so_urce Was prepared gravimetrically from a calibrated master solution. The master
solution was calibrated by liquid scintillation counting. Radionuclide purity and calibration were checked by
germanium gamma-ray spectrometry and liquid scintinaﬁqn counting, The nuclear decay rate and assay date-

of Standards and Technology through a Measurements Assurance Program as described in USNRC Regulatory
" Guide 4.15, Revision, 1, February, 1979, and'compliance with ANSI N42.22-1998, "Traceability of Radioactive
Sources to NIST." EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable
* sources, and this source was produced in accordance with the HPS accreditation requirements. Customers may

Teport any concerns with the acereditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 4032,
McLean, VA 22101, o :
Uncertainty* , 9
Half-Life, Kctivity Type Reference Date
Isotope Days (Bg Uy Wy (12:00 PM EST)
Pb-210 8148.1 4.078E+04 0.1 14 28 08/10/2009

*Uncertainty: U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results.*

Comments: : :
Impurities: gamma-impurities <0.1%, alpha-impurities (other than decay products) <0.01%, 53.08357 grams 1M HNO3
solution, ‘carrier free, - Co. R o : : -

Source Prepared by: =T\ \éw&

N.E. Kasal;e, Radiochermist -

QA Approved: . . ) L . Date; £~13-69
. . D. M. Montgomery, QA Manager ‘ :

ARy

o

£3

Corporate Office . Laboratory
24937 Avenue Tibbitts Valencia, California 91355 . 1380 Seaboard industrial Bivd, Atianta, Georgia, 30318
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0 D) !t{a—%' _ Motebook No?”_é{_g___

PROJECT {04 l?ol 3642, 5D Ph-210 Continued From Page __._:-q.t___.__.’;

lDi[C,:)i r& z P (()\.tt :3/\ ( da L0 '*1{ k’/t"lﬁl;n G“F‘
¢ €| I/

Deabitl | oF [/ wog o2 | F 29425 4 b4 slad g Wiy
el M | fdo LU Il gl g |- 6b- B3 % iz
/Zj_; - ~£L y O /7‘"’(,( /6?' 2500?61 L

LY [92.274 S
o = Lozl 24y r.
L/

[ss| o 240 f’d/' \71‘:3&_'%‘ ed

e d o ple "/( 41‘1@4 # &'g_@&c 3i7. 14 i"[‘w X4
M q-p "!LifL“L\’, 1Tl ! e E&{—‘" 32725 54’: -2
ALAf [Bes T s erle <, ol6t &

D’/r&.n(z oy / 'lt.ﬁr.:a )
ek £ c‘;;[\ : o’l OFearr i /9(5") /f\/;lé&%ﬁcﬂé*’ /1 315 VA [N
Meakis e K] \ . 7%8(’2?{; /<.

ZAVi RN AN S W) 1Y 062.687 3¢
_EM "h “3‘ L/
/ N
T030 KRy do” BN/ eOUph NI o6t [ NI/ | 28y 821 1 [[2L 35 5713
HMNENYAR AN NSy (Y Y ek 7
[ & 13 X d ’2'/26,#'{ = X
Stnd ID: 901.3610.50 e !0[54{{0-
Description: Ph-210
Explration;  10/13/2011 | Beverification Log
Activily:  2833.37 dpm/mlL Analysis Dals  initials  Expiration Date
Ad M 1 107112
2s Uncertainty: 63.20 dpm/mL {
2‘!— Ref. Date;. 811572008 D \in
R RefTime: N/A \ \4 v
—X  Prep Date: 12/23/2009 Prep by: JD 2 -U(I/
& Matrix/Comp. 1M HNO3 ‘
S HalfLife (y):  2.22E+01 R0
% 9|
i Continued on Page
’_\) Read and Understood Sy
- Lo,
{ & /
;_(‘(;./-’4 ‘12_/23,{)‘? /’,///%—’— I/t
‘;:,:% Signed G:‘xte . //’ Sigi Cate
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."I‘hxs Standard Reference Matenal (SRM) consxsts of 2 solunon of a standardtzed and cemﬁed quantlty of .
" radioactive lead-210 in a surtably stable and homogeneous matnx. Jtis intended pnmanly forthe calibration: of
«+ w7 instruments that are used to’ measure radxoaeuvny and for the momtonng ofradxochenncal procedures Theé:

b Ty solutlon, whiose' composmon is spec;ﬁed in, ‘I‘able 1 1s contamed in aﬂamesea]ed, 5 mL NIST borosxhcate—
Lo e glass ampoule(see Note 1)* L ; 3

R

: | ,dn radz og:ea1:~
_ssfandard:zmon method, are: gwen';n Table: Unce

; the pm'chaser.
th1s SRM wﬂl be nohﬁed of ﬁxe changeﬁy NIST: 3

- 'Ilns SRM may. represem a radlologxcalhazaxdand a chemlcal ha.mrd. .Consult“the Matena! Safety Data Shiset
(MSDS) enclosed with the: SRM 'hxpmenf, for deimls (see Note 1)

e Thxs Standa:d Reference Matenal was, prepared in“the. Physics Lab , , )

e Radxoast:vny G-rcup, Dr. MP. Unterweger, Antmg Group Leadet. . Theoveral] techmcal dxrectxon and physmal i

DR “:! "measurements leadmg to cemﬁcauon were pmvxded by Drs R Collé, and’ L’ Lam'eano~Pérez of the

. Radmactmty Group thh productlon assxstance by D B, Golas and O; Palabnca, Research Assoexates 'of the..

-"» Nuclear ‘Energy In,sutute and yith meamxrement assxstance byDrs. I_Outola, L Pdnd ) and R.Fuzgerald of th

ST ? Radxoactmty Gmup The support aspects mvolved inthe preparation, eemﬁcauon, and xssuance of th:s SRM
R j ‘were coordmated through the smndard Reference Matenals  Program. . #

Galthersbmg, Maryland 20399 )
N ovember 2006,
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Table 2 Uncertamty evaluauqn for the. massm actmty for SRM 4337

st

Y '.. . R

%

Uncerbamty component

. | Assessment

Ny R.elauve standard
uncertamty conmbuuon on

, LS thhm measurement precision; typical .
.| standard deviation of the méan for 7 to 11

repeated measurements; values ranged :Ecom o
0.008 % to 0.056 %

_ Type!

_massic activity of °Pb (%)

i
PP

SR eos

LS measurement precision; reproduciblhty m
massic activity for 7 o 11 samples in two -

of the mean for v = 443 degrees freedom

- measurement series with three counters on twor o | Sl
threemﬂasmement occasions; ‘standard’ dcvxanon S

embodied in components 1& 2

Backgrotnd ] Ls measurement vanabmty, whoﬂy i

Scintillator dependenc1es~ wholly embodxed m
components. 1 &2 .-

effect. .

I8 coclctml stabih'ty and compos'tlon mlsmatch

- 'and for ’H standard dllutlon aa

Grawmetnc (mass) measurements for LS SOt "‘c,',’

mcertamty of 0. 5 keV

Beta decay branching ratios for me for'an
uncertainty of 0.03. S

Ep(mex for 2198} for an uncertainty,of 1.5 keV

4 | Compmed B detection efﬁmancy formej

’ ~Computs:d B detectlon efﬁmency for 2“}81"' L

16  Assumed o detection efficiency for mPco, ; R

: mcludmg e}dmpolaﬁon to-zero energy. -

. ;', :Relatlve combmed standard uncertamty

' -Relatxve expanded uncertamty (Ic 2)

. T = (A) denotes evalumon by Stailshcal methods, (B) denotes e.valuanon by other maﬂlods. T
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[ S
[N . N

. L SRS :' Certxf"edvalues :" - i R
Radionuclide P Lead210 0 e T
Reference time. . o .: EI

| Massic acnwty of the solutlon

| 1200 EST, 15 Fune 2006 - -y . .
19.037kBgeg™ - . ‘

- Relative expa.nde_d uncertainty (k =2)

2.4 % (se¢Note2)-* SR

Uncemﬁed mformanon -

‘| Soice description

| 'L1q1.udm ﬂame—sealed, 5mb NIST borosﬂlcaxe ampoule (see Note 1)

1 Solution composition

11.0 mol-L'l HNO; wnchl pr and 11 pg ;Pb*z per gram of
solution ¢ <.

- Selution density .:'

11,028 0, ooz) g-mr1 at 200 °C (see Nﬂte 3)-"'

'Sohmon mass

- 16 133 0.002) gisee Nots 3) L

- .xmpunttes,

:Photon-em;lt_tmg

o None detected (see Note 4)

< Falfifes ised

[™Bb: (22202 022)3".
I:JH (1232:1:002)3,7

: Nuclear data used i g
N CN2003
: .compufatzons (beta

. partlcle maximum’ .’
. energies; brancb.mg

: ranOS' uansmons) [1]

-inl :

18, 594.#0 008) kevf l'~‘allovVed R

‘me (63:5 0.5y keV'; (0.18 % 0.03); non-umque ﬁ:stfo:bmdeq
" (17.0%R005) keV" (o -84 0.03); noii-unique fitst: forb1dden

. (1 162 1;1: 1.:) keV B! ﬁon-umque ﬁrst forb:dden

| Calibiation method.

| 'The ceruﬁed mAssic actmty for me in rad.macnve ethbnum W1th
1 2985 Cad 2% was obtained By’ Anaf - ’hqmd scintilatiori (L) ] .-
i 'spectrometry with: three qommm:mal L8 counters. - The' LS detection | -
| effitiency was calculated using . the -CN2003 code:. [2] for " the |

| CIEMAT/NIST method with composition matched LS cocktmls ofa’H |-
|'standard as' the efficiency “detection monitor. |, 3
" measirements. ‘were also perfonnedbymgh‘resoluuonHPGe gamma-ray | -
- :spectromeu'y, by 2mix spectrometry of: separated Hopg, with a’ i surface
s bamer detector and by41c[3(LS) y(NaI) anucomcxdence countmg

. Confirmstory |

. TSeNow5 . .
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NOTES . - . -

‘ Note 1. Refertoh ' <//ph IO..S mst. 0 /Di i Tt htm for»tha standardx_zed ampou]e d}_mensmns. ;‘.r. e
and for assistance and instructions on how to properly open an ampoule Informanon on additional storage end o
, handlmg requn'emems is also mcluded in the web51te

w; Note 2. The uncertamtles on certtﬁed values are expanded uncertamt:es, U ku, 'I‘he quannty 1, is the~ .
* ~ combined standard uncertainty calculdted- a.ccordmg to theISQ and NIST. Guides (see references [3]and [4]).. . . .0 -
The combined standard uncertainty is mulnphed bya coverage factor of k 2 and was' chosen to obta.m an
appmxunate 95 % level of confidence. -

- Note 3 The stated 1mcertamty is two 'umes the standa:d uncertamty See referenoe {4]
_ Note 4. The eahmated lower lmnts of detechon er phnton-emttmg 1mpurmes expressed as mass:c photon AR ) .:'
B emxssmn rates, on 27 December 2005, wem . S ':

1757 g forZOkeV<E<60keV T R
03s%g o for60keV<E<1800keV 'Z e

‘ .'.,' Note 5 'Ihe stated uncertamty is the standa:d uncertamty See reference [4]

_"::Evaluated Nuclear Stmcture Data Fﬂe (ENSDF), onhne daiabase, Natxona] Nuclear Data Center .
i :Brookhaven Laboratory (Uptop, NY) October’ 2006_ Refer to m.//wurw nndc bnl ggv/gggdﬂ

; E Gunther Physﬂcahsch TechmscheB
..2003 Toeegomnon L e

N .
Foe

'ihmemaﬁoﬁal: Orgahfiéﬁon. for Staridardization (IS0), Guide 7o the Expreésieix'bf Uncertainty in’

) .Measurement, 1993 (corrected andrepnnted 1995) Avaﬂahle ﬁ'om Global EngmeenngDocummts,. ‘

f'B : N Taylor and C E Kuyatt, Guzdelmes f&r Evaluatmg and Expressmg the Uncen‘amty of NJST K ‘
. Measurement Results, NIST- Technical Note 1297, 1994. Available from the Supenntendent of
: Dccumenis U S Govemment Pnntmg Office; Washmgton, DC 20407 U S A ' .
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Liquid Scintillation Counter

Quality Control Data

Dally Instrument Performance Checks
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