facility 439136
project 10243

Radium-228

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 749.

The sample was analyzed for the presence of ?®Ra by low background gas flow proportional
counting of 222Ac, which is the ingrown progeny of 22Ra, according to the current revision of SOP
724. The analysis was completed on 05/23/2017.

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

ICP-AES measurement of barium concentrations prior to chemical separation for the batch QC
samples showed concentrations less than zero. To avoid a low bias in the final analytical results,
the initial barium concentration was taken to be zero. These samples are identified with a “Z” flag
on the Radiochemistry ICP Worksheet, which can be found in Section 5, “Raw Data” of this
report.

Due to uncertainty associated with the ICP-AES determination of barium concentration in the
samples, the calculated yield for the method blank RA170517-2MB fell between 100% and
110%. To minimize the potential for low bias, results have been calculated conservatively
assuming quantitative chemical yield (100%). The magnitude of the low bias is estimated to be
less than 10% of the reported value and is acceptable according the ALS LQAP. This sample is
identified with an “Y1” flag on the final reports.
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8. The requested MDC was not met for sample 1705202-1. The reported activity of this sample
exceeds the achieved MDC. The results are flagged with an “M3” qualifier on final reports.
Results are submitted without further qualification.

9. No further anomalous situations were noted 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.

'Qémﬂﬂbwb\ 526017

Pik Yee Yukn/ Date

5/30/17

Radiochemistry Final Data Review 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: Friday, May 26, 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

Page 1 of J_
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QC RESULTS SUMMARY 9
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Radium-228 Analysis by GFPC

PAIl 724 Rev 12
Method Blank Results

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: RA170517-2MB

Sample Matrix: WATER
Prep SOP: SOP749 Rev 4

Date Collected: 17-May-17

Date Prepared: 17-May-17

Date Analyzed: 23-May-17

Prep Batch: RA170517-2
QCBatchID: RA170517-2-1
Run ID: RA170517-2A
Count Time: 90 minutes

Final Aliquot: 1500 ml
Result Units: pCi/l
File Name: rac0523

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
15262-20-1 Ra-228 2E-02 +/- 2.4E-01 5.7E-01 1E+00 NA Y1,U
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.240E+04 3.330E+04 ug 103 40 - 110 % Y1
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: RA1705202-1
Date Printed: Friday, May 26, 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:

Radium-228 Analysis by GFPC

PAI 724 Rev 12
Laboratory Control Sample(s)

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: RA170517-2LCS Sample Matrix: WATER Prep Batch: RA170517-2 Final Aliquot: 1500 ml
Prep SOP: SOP749 Rev 4 QCBatchlID: RA170517-2-1 Result Units: pCi/l
Date Collected: 17-May-17 Run ID: RA170517-2A File Name: rac0523
Date Prepared: 17-May-17 Count Time: 90 minutes
Date Analyzed: 23-May-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
15262-20-1 Ra-228 6.2E+00 +/- 1.5E+00 6E-01 6.900E+00 90.5 70 -130 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.240E+04 3.120E+04 ug 96.3 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: RA1705202-1
Date Printed: Friday, May 26, 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:

Radium-228 Analysis by GFPC

PAI 724 Rev 12
Laboratory Control Sample(s)

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: RA170517-2LCSD Sample Matrix: WATER Prep Batch: RA170517-2 Final Aliquot: 1500 ml
Prep SOP: SOP749 Rev 4 QCBatchlID: RA170517-2-1 Result Units: pCi/l
Date Collected: 17-May-17 Run ID: RA170517-2A File Name: rac0523
Date Prepared: 17-May-17 Count Time: 90 minutes
Date Analyzed: 23-May-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
15262-20-1 Ra-228 6.8E+00 +/- 1.7E+00 6E-01 6.900E+00 98.7 70 -130 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.240E+04 3.160E+04 ug 97.5 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: RA1705202-1
Date Printed: Friday, May 26, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.842
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Radium-228 Analysis by GFPC
PAI 724 Rev 12
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: RA170517-2LCSD

Sample Matrix: WATER

Prep SOP: SOP749 Rev 4
Date Collected: 17-May-17
Date Prepared: 17-May-17
Date Analyzed: 23-May-17

Prep Batch: RA170517-2

QCBatchID: RA170517-2-1
Run ID: RA170517-2A

Count Time: 90 minutes

Final Aliquot: 1500 ml
Prep Basis: Unfiltered
Moisture(%): NA
Result Units: pCi/l
File Name: rac0523

CASNO Analvte Sample Duplicate DER |DER

y Result +/- 2s TPU MDC Flags Result +/- 2 s TPU MDC Flags Lim

15262-20-1 | Ra-228 6.2E+00 +/- 1.5E+00 6E-01 P 6.8E+00 +/- 1.7E+00 6E-01 P 0.249 2.13
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 2.13

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: RA1705202-1

Abbreviations:

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Friday, May 26, 2017

ALS -- Fort Collins
LIMS Version: 6.842

Page1of 1
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Section 4

INDIVIDUAL SAMPLE RESULTS
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Radium-228 Analysis by GFPC

PAI 724 Rev 12
Sample Results

Lab Name: ALS -- Fort Collins
Work Order Number: 1705202
Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

Field ID: 439136 Sample Matrix: WATER Prep Batch: RA170517-2 Final Aliquot: 499 ml
' Prep SOP: SOP749 Rev 4 : -2- is: Fi
Lab ID: 1705202-1 p vV QCBatchlID: RA170517-2-1 Pr.ep Basis: Filtered
Date Collected: 09-May-17 Run ID: RA170517-2A Moisture(%): NA
Date Prepared: 17-May-17 Count Time: 90 minutes Result Units: pCill
Date Analyzed: 23-May-17 Report Basis: Filtered File Name: rac0523
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
15262-20-1 Ra-228 2E+00 +/- 1E+00 1.8E+00 1E+00 NA M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.540E+04 3.400E+04 ug 96.1 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: RA1705202-1
Date Printed: Friday, May 26, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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RAW DATA
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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: { 4. cos \’3 ot

-+

Method: }-rep

Analysis Date:§/\‘]/fl _

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

Work Sample
Order 1D pH Color Remarks

(o0 \ <L | Clow N@‘VIQ
2 ‘ |
2 /
y N
5 c)a«‘\b Light C‘m.S,L\ab of Jon Sedisren b L ety
6 Cleﬁr NC)VLQ
? / [
g | l
q |
© | /
I l |
P { /
13 4 é
Y Cloudy | Jueting of dan Sediuens | decmnid
| 5 Clea r  Ngne
16 L v

y |t Cloo»ig ﬂw&f\‘o@} of Yon Sedymest 3 decanted

Dok (5% l e o | O11Y Cantmpy o a looffle

Rogo. |/ Codiie| Bedlc sediment tesont 1o bered

17105203 | | Clene None

[\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Project R&'Ska% im’{h ) <

- Continued from Page”

X lop o3

._§'-t.l‘$._§-l"I T 4 rem—— '.i' T ™

Prepare a workmg dllutmn of ﬁ% O‘“‘ }D k\

i 1. Densxtyof 3%1_/}/1_}03 lot#_mlcgj_)_}é

~Mass of 100mL vol. flask:

- Mass of ﬂas_k & lOOmL amd
i Net Mass : :
Densxty

2 Mass of RSD&' l(\\\\ transferred
Mass of open empty nalgene E
Mass of nalgene & standard:

Net mass ot’ standard tmnsferred
B B \ —

"\4'

3. Dﬂute to ﬁnal volume v B oy
_Mass of nalgene, standard, & diluent: '% ‘? q °| \
" Mass of empty nalgene (frorn above) 1 A0
Net mass of new: dxlumm ' 5

4 Flnnl actmty calculatzon

-Balance#:

Bt

_ Balnnce# ja L; Pl
J. ~ Balance# 13 -
-'.-;_'_Ba]ance# 4{& U

| '»C)%Z /5 (—QA’D)( me o;o_-

/w\\\}' |

\\\.\\5

Balzmce# )'&
Ba]:mce# ;E

A '

Stnd ID

Expirafion;

- Ref.Time:

1014 4095 79 o
o Descnption.
Act;wty'

23 Uncertat‘n!y' ‘
Ref. Date:-

- Prep Date:
.- Matrix/Comp.’
Half Lifs (y):

Ra-zza
419’2016 S S
204 32 dmemL e

a7 dpmlmL
oot
NIA

._'1!1612015 Prepby TE

8% HNO3 -
5.76E+00 -

' Analysis
IR

Date -

!niﬁa!s

Exp#aﬂnn Date

ZZJZOH

2Ml¢_ :

3

04

Is .

"""-'c-w

VAR T P o

Contnued n Pupge

(DA

/gﬁf

Signed

Diue

Y

P

- Signed

ate
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RIS 1450"“ , |
ahnnal anﬁitiuie nf_:-:-’ :'fzmharhs & echnnlugnf T

'
Qlerhftwte

"'#md
Standard Reference Matena1® 4339b | _
 Radium-228 Radxoactmty Standard o s

: Thxs Standard Reference Materml (SRM) consxsts of @ solunon of a standnrdlzed nnd cemﬁcd qunmuy ot’ S
" radioactive radium-228 in & suxtably stable and homogeneous matrix. It is intended primarily for the calibration of =+~
- instraments that are used to measure rdioactivity and for the manitoring-of radiechemical procedures. A unitof
- SRM 4339b .consists of approximately 5 mL of 4 so]uuon, whuse composnmn is: specxﬁed in TAb'Eb I um.l L
: -conmmed m a ﬂamc-aealed bnmsnhcate»glass .meoule [1) . S :

The cemﬁed radium-228 massxc acuvuy value. m a Rel'erence Time of 1200 le.S‘l’ 07 October 2010 xs -f i

(195 i 14) Bq-g

A NISI‘ ceruﬁed value, as: used wuhm the contcxt of xhzs cemﬁcate. is a value l'or whlch NIST has the hlghcst
~-confl dence .in its-uncertainty: assessment..-Tt is g “measuremtml result™ (2] obtained: du'ectly or:inditectly from.a*
~“primary reference mensuremem pmcedure" [3] The ccmt'cd valuc n u-aceable to thc dcnvcd Sl “unit
: Becquere!(Bq) S : R U Bt e

; Addmon.xl physmal chemxcul and mdlologlcd pmpemes for t!'us SRM iy well .15 det:uls on the standardxzmion

. methad, are’ given in Tables 1. and ‘2. Uncertainties. for. the certified quantities are expanded K=2).0 ,
uncertainties are- calcuiated accordmg to the 150 and’ NIST. Gundes [4 5] Tabl-.. 3 contams n spccnﬁcauon of thc Gl

i»compcnems that compn-;e lhc uncenmmy analyses. " _ : R A

. Expiratlon of Certiﬂcation.-. The ceniﬁcallon of SRM 4339!) iy’ vnhd mdeﬁmtely, wnhm lhe meusurelmnl'; .
uncertainty specifi ed, prcmded that the SRM is h.mdled and stored. pmperly and that no‘evaporation or change in-:

_Z-composmon has occurred.  The: solution: matrix, in .an unopcncd ampoule. s homogcncom and ‘stable within its
hajf-life-dependent uscful lifetime  provided ‘the SRM is handled in accordance with instructions: given in this
certificate (see, “Instructions for Handlmg and Storage &"):: Petiodic recertification of lhl'i SRM is no! rcqmrcd Thc_ SR
_ccmficnuon is nulhﬁed 1f lhe SRM is damaged, comammmed o uthcrwnse modll' ed. e Ll

'Mamtenam:e af’ SRM Ccrtiﬂcation' NIST will monitor thu, SRM over the penod nf its cemﬁcmion lf subst.mnve" ' B
technical changes occur that affect thc ccmﬁcatmn. NIST wdl nonfy Ihe pun:hnser Regmmnon (see au.x:hed shee!) ERT
Cowill famlnate nout' cation. - ST

‘Radlologlcnl and Chemlcal Hazard Consull lhe Safely Daln Shect (SDS). enclmed wnh thc SRM ﬁh:pmem. l'or B
_ 'rudtologncal nnd chemlcal haznrd mformauon : B R o

This SRM was prcpared in the Physxcal Mensuremem I.abomtory. Radnmon dnd onmolecul.lr Phys:cs Dwman. '
- Radioactivity Group, M.P. Unierweger, Group Leader. The. overall technical’ direction and physicul measurement .
“leading 1o centification and pholon-cmmmg lmpumy analyses were provided by L. Pibida of the NIST Rudioactivity
Gmup, with producuun assistance by L I.ARosa. R Co!le. zmd L Laureano-Pérez Alpha-emxtlmg |rnpunly analyse~: L
: wcre provrdedby J LaRosa. , RN _ g

Suppurt aspects mvolved in the msuance of this SRM were coordmnted through the NIST Ofﬁce of Rcfercnce '
Materials. : . : .

" Lisa R, Kuram, Chief
Radmhon und Bmmolecular Phym.s Dmsmn

Gaithersburg, Maryland 20899 - - Robert L. Watters, Jr.. Dircctor

Certificate Issue Date: 14 Navember 2012 Office of Reference Materials

SRM433b o S © Pagelof4
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Table 1. Cenified Massic Activity of SRM 4339 -~ -

) Radiqhuc!idé_ '_ |

[ radomaz

| Reference time

‘Massic activity of thesolution | 195 Bgegt

IZOGEST, 07 Oclober 2010

Relative expanded uncertalnty (k=2) | 728%™

™ The final **Ra purification from the “>Fh mother solition was performed on 02 September 20100920 EST. :
" The uncertinties on certified vidues ure expunded inceryinties. U =%, The quantity «: is the combined standard uncertainty. -
calculuted yccording 1 the 1S0 and NIST Guides [4.5]: The combined swundurd yncertainty is multiplied by u coveruge fuctor. - -

o &= 2.and was chosen 10 obtain what is assumed to be an‘approximate 95 % level of confidence. . -

. Table2 Uncentiied Information of SRM 4330~

3 Sohrc&dc.s@riptibn_--. ~Liquid in a flame-sealed 5 mLB__qnifoﬁiicqt‘tzfg_!ass mnp_;fule_'[l]-. SR

‘Sohution composition | 1.3 mol*L ANO, with 193 ugeg” Ba™?

1| Solution density - -

S -_{_t.(')_34_¢.0_.00_2)'g'mu?’5m 208°C¥ .

Solution'mass®. o 0

 Photon-emitting impurities

A!f)hu;em_iuing_imhudﬁe# i

TR <008 B

L Héi_f;l_ives used

L PRa (57520000 6]
. 'QSAC_-Z(6.15’:!:0.02).!"1_}[7].{.. Qe

o Ra (600t a8
PTh: (1402£006) % 10°al9]

Calibration methods
{and ingtrumgnvt_s)-v o

.| The centified ‘massic activity for —"Ra was obtained by high-resolution.
| gamma-ray: spectrometry  of three master solution amponles {eleven separate |

.| determinations), as. measured on three to ‘five: different. spectrometers and
| geomeiries on each ampoule. and used assumed nuclear data for probabilities |

| performed by 2ma spectrometry of ingrown **Th with a planar, ion-implanted

| Sidetector, .

per decay-for 16 gamma-ray transitions. * Confirmatory measwements were'

: “,’Thje'slaiéd uncettainty is two times (h‘e"sﬁriiﬁrd ilnéeﬁ:iimy.'_Sei;rcfcrenéc.s.:-_" i SR U
" Based on gammii-ruy spectrumetry of forced-fitted peuk at 186.2 keV uind assuming a probability per decuy of 0.0355 [6).

- The maximum ““Th uetivity coric
""“The stated uncertainty is the stand

SRM43306

entration in PRy, L
ard vincertainty. Seereference 5. <

Pagé.?.of‘tv
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Table{’; UncenmmyEvaiuatmrr for thc Masstc Acuvuy of SRM 4339b

I Relative bldﬂddl'd

ER R e s T uncertaingy
gt o e { ‘Assessment | -contribution on
.'j':=U?c_Et"!". nty _crumpqn_em‘ I - Type® | massic acuvny of
H Wi : W B N A N . .. R.l . ..
. | Gumma-ray bpectmmeu-y pracluon' rclauve st.mdard devmnon of the G -
grand: mean; on’ the avemge massic’ gamma-ray emission tates ‘for 16} - e
| measured **®*Ac gamma-ray transitions. Each mean'in the grand meanis | -
‘based on-11 determinations with three sources in three 1o five differeat | .
detectors. Theuncenmmy in (he dctermmauon of the massic gamma-ray |+ e S
<1:-| ‘ernission: rate for: any: one. transition in a given detérmination ranged |1 A D84
| from typically 0.5.% 1o 1.5.%. The relative standard: deviation of the |’ e
mein. for the average: of the: 16:lines, for iy one determination; was o
-| typically I %; whereas the: relzmve standard deviation of the' grand mean:
| for the average of the: 16 lines across’ all 1l deterrmnauous is 0,34 %"”
Data passes normality test. P .
{ | Uncenainty due (0 assumed. gamma-ray probahzhues per decny for the e e
12| measured '“Ac transitions (7. The uncertainty on each trnnsmon has a: B 35
- {:shared (correlated) componem of: 2.5 % (see comments in [7]) : ol -‘
13 | Detection cfficxencxes not embodxed within componentl O 04
| 4 | Mass. dewnmnnnons for dxluuon factors and. coummg saurce | g o
: _Prcparanons U e L
| 5| Decay carrections for: "aa haltlhfe uncertainty of0.7%[6] B 0003
1 6| Effect of ‘“Ra and ﬁzAc lmlf hfe unccnamues on; aecular equnhbnum g 002
- |-rafio: _ S Rk SRR
i Relative combined staudard uncertainty o o360 0}
Relatlve expanded unceﬂninty k=2 1z

e Leuer A denolcs eva!uaunn by slausucul methods, B derioies evaluznxun by other mclhuds, o L R
> Avcmge massic gammut-ray emission, rites of 11 geometries (Ry) for:16 measured “Ac summmL-cay lrunsmuns wuh lhﬂr .

mpcctwe cnergy (E,) zw:umed gammn-my pmbnbzmms per decay (I,) and :tandard demnon nf the mean {S,,.)

Assumed

(m
By (keV) fv(% Y [1] R’ (s o 1)(11 S- (%)
. 129.:065 - 250 1347 i Q3R
: 153,967 0754 = A2067 . G
L 209.249 0 0 397 0 364 v (55
1270248 0 - 35§ e 2014 .. .33
3280040 304-'- S AR 043
S33832° - o 1p4 o 6712 C 430
40046 202 S 1188 T 029
4630020 445 - 2648 033
S73513 0 L03 5933 ¢ 046
772,291 - SS2 . 3992 . - 0,53
794,942 43b - 2588 U D3§
335,704 13 L9953 L 042 .
911.196 202 0 1369 i B39
964.786 - . - 498 3007 .35
“068.96 159 . Y582 0.30
1588.2. -~ 3.06 1889 .28 -

¢i} Grand meanforns i1 dclmnmanuns with three sources in three fo fivc duffcrcnt detectors.
(u) Relmive standard deviation nt' thc grnnd meun on Ry forn=11.

SRM 4339
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L lNSTRUCTlONS FOR HANDLINGAND STORAGE :

‘Handlmg. If thc ampou!e is u-ansponcd it should be packed marked Inbeled :md wh:pped in accordance wnlh the

- upplicable national, intemational, und carrier: Jregulutions, ” The solution - in the ampoule is 4 dangerous good

 (hazurdous material) because of bath the: radiouctivity und the strong acid. ' The ampoule should be opened only by

. persons qualified 1o handle both radicactive material and ‘atkaline and/or acidic solutions, . Appropriate shxeldmg .

’ and/or dlstancc should bc used 10 mmumze pexsounel exposure Rcfer to SDS for funher mform:mon. e

' Storage:: SRM 4339!: shuu]d be’ ~mm:d and used a1 a lcmpennure between 5 °C and 65 °C The ampoule (or any.

- .\»ubsequem conumcr) should alwnys be cle.u-ly maxked as conmmmg rad:oacnve matenal

REFERENCES

i [l] N IST Phyﬁlcnl Mea.surement Labommry. Stamge amI Handlmg af Radmac tive Smndard Referencz Mmen‘uix.

CAmipoide: Specdicanuns and Opening Pracedire, aviilable’ at hltpjlwww nist; gov/pmlldwﬁSZlglimn efm
{accessed Nov 2012), - Note:  This: SRM is contamed ina genenc borosihcate-glass ampou]c und not m !he_‘

o standard: NXSTampoule B

{2} JCGM 200: 2012: lmemanonal Vocabulary of Mezralogy Ba.m.' and General Concepts and Assocxated Temu . L

" {VIM) (2008 version with Minor. Con'ecnons) 3rd cdmon. Jomt Conumtlec for Guldes in Metrology. BIFM, -

" Sevres Cedex, France: p. 19(2012); available at .~
- hitps/fwww.bipm. orghmlslcommonldocumems/jcgw}CGM 200 20!2 pdf (.xcmmed Nov 20[2)

NEE JCGM 200:2012: Internativnal Vecabulary: of Metrology - Basic and General Conceprs und Associawd Terms. -
CoT (VM) (2008 version wnh Minor. Corrections), 3rd edition; Jomt Comrmttee for Guxdcs in Metmlngy. BIPM S

- _ Sevres Cedex; France; p. 18 (2012); availableat =~
. hupsdiwww.bipm. org/utils/common/documentsfjegm/JCGM. 200 2012 pdf (accessed Nov 2012) :
[4)° JCGM - 100:2008:- Guide: to the Expression of Uncertainty 'in: Meusuremeny;: (ISO. GUM. 1995 Wllh Minor

"Com:cuons). Joint Committee for. Guides. in Metrology: BIPM; Sevres Cedex, Frince (2008); dv.nl.xble at .

- hitp:tiwww. bxpm orgluulalcommonldocumcnchgnﬂCGM :100..2008_E.pdf (nccessed Nov.2002). -

S i5 | Taylor, BIN: ‘Kuyutr, C.E.; Guidelines for Evaluating and Expressing the Uncertainty of NIST Measuremem iy
o Restlrs: NIST Technical. Note 1297, USS.. Govemmcnt Prmung Ofﬂce. Washmgtou. DC([994), nv:ulab!e at -

e ‘_http.!tphysucs mst.govIPubsl {accessed Nov 2012).
c [6] Luca, Al June 2009, 38Ry LNE-LNHB/CEA ’I‘abIe of Rndmnuchdﬁ, ' nvmlabla
,hup.llwww nucleide, orngDEP WGiNuchdequn-Z.‘zs tables.pdf (accessed Nov2012). '

[7] Pearce; A Janu.zry 2010, 8Ac. ~LNE-LNHB/CEA : Table “of” Rudlonucltdes._ uv:ulable .n

e http-//www.nucleide org/DDEP.; WGfNuchdes/Ac-ZZS tables, pdf (accessed MNov.2012).-

{8) Christé, V. and M:M. Bé; December 2006 R, "LME-LNHB/CEA ‘Table of: Radxonucixdes :w'auable dt
: http.f/www nucleide. org/DDEP WGINuchdeisn-ZZﬁ _{ables. pdf {accessed Nov 2012}

9] <Arine, A, September 2008, . =*Th. LNE-LNHB/CEA. " Table - of Rndionuchdes. nvallnhle

’ hup Hwvrw. nuclmde orngDEP WG/NuclxdeslTh 232 tables pdf (accesscd Nov 20 12) = v

Users of tlus .S‘RM should ensure :ha: the C‘emf cate in their possesslon is current, This can be accomplished by

contacting the SRM Program: telephone (301) 975-2200 fax {301) 548-3730; e—matl vrminfo@nisl.gov: or via the

- fnternet ut !m‘p hww.nist, gm’/smt.

SRM 4339 : : _ Pogedofd
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Gas Proportional Counter

Instrument Calibration

Background Calibration
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Gas Proportional Counter

Quality Control Data

Dally Instrument Performance Checks
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ALS Lai)oratory Group - Fort Collins

'

QUALITY ASSURANCE SUMMARY SHEET

PAR W.0.#/BATCH -CAS ELOIC EROPTI 0RAL
TEST_/o¥PC_ [ ALL. CooNTER
METHOD _ GFP
SOP/REV (PREP) —

SOP/REV (ANAL) F2H

Briefly document any QA or other problems or deviations associated with the analysis of |
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

Daily Background Checks are not necessary, and therefore not performed, the day
following the Weekly Background Calibration. The results of the Weekly Background
Calbration will be used as that day’s Daily Background Check. If the Weekly Background
Calibration is outside the established control limits for a detector, the Weekly Background
Calibration will be performed a second time and will be considered as the second Daily
Background Check for that day.

< N

DATE - 08 -05~09

L& ‘ DATE (J§

A |

g g 376920 FORM 30216.doc (4/22/04)
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Gas Proportional Counter

Instrument Calibration

Initial Efficiency Calibration
Standards Traceability
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Instrument: LB4100-C

Calibration: Ra-228
Date of Calibration: 06/08/2015

Efficiency Log Files: RA228-06/15

Efficiency Instrument Files: ERA0608A-D

Source ID’s: Efficiency (Ra-228 784.3020.37)
ICV/ICB’s (Ra-228 966.4095.32)

NOTE: Calibration Re-Verified 06/06/16. Ok
(See Supporting Documentation in Package)
B

NP
(jw\}o

gl u\’l/)%'
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ALS

QUALITY ASSURANCE SUMW SHEET

ALS W.0.#/BATCH_ Ingf. C Gli

TEST Bl 3esds
METHOD <

SOP/REV (PREP) __ —
SOP/REV (ANAL) Y

re
Briefly document any QA or other problems or deviations associated with the analysis of
samples. Problems could result from: log-in, color, odor, dilution, consistency,
scheduling, equipment, or instrumentation, or may include documentation of minor
deviations necessary due to unique DQO’s or sample characteristics.

AAAAAAAAAA W

ALS Fort Collins SOP 724 requires an efficiency calibration for each Gas Flow test to be
performed annually for each instrument. Per Technical Manager, the efficiency
calibrations performed in 2015 for Instrument C will be acceptable for another year
providing the following acceptance criteria was met: 1) Plateau checks were performed
and were within acceptance criteria (The beta slope at the beta vo tage and the alpha
slope at the beta voltage had a slope of less than 3.5%). 2) CCV’s and CCB’s were
performed for each calibration and were within the acceptance criteria. These results for
the plateau checks and the CCV’s/CCB’s can be found in the “Addendum” section in the
back of the calibration.

The instrument will be monitored with daily efficie  cy checks, daily background checks,
and weekly background checks, as well as quarterly plateau checks as required per SOP
724. If any detectors fail any of these checks, the specific detector will be taken offline
for the day and not be used to count client samples. If a detector fails its quarterly plateau
check, the detector will be taken off-line until the instrument is re-calibrated for Voltage
Plateaus, ROI’s, and efficiency calibrations.

TECHNICIAN/ANALYST A DATE & -3-/
DEPARTMENT MANAGER DATE 0&[05[5
FORM 30216.doc (4/22/04)
433598

“Cru
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Date LllL\]l{

ALS

sop 724r 1!

Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Background Checks

X

Daily Response Check Background Check Det.
Det. Start 1 Status Start 2 Status Start 1 Status Start 2 Status Status
1 % | (
2 \ [
3
4
5
6
7
8
9
10
11 h
12 (L8) Ul
13 P
14
15
16 h b N -
Det = Detector; o = Alphs; [} = 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
DrA BILCO ‘;20‘/\)
DrB
DrC
brD
Dr = Drawer S

Gas Supply
P-10 Supply P-10 Flow
raes |00 DA | 0.
DrB
Tank 2 3,‘150 gr g
T
Comments:

Page No.: 453998 A

Fonin 78018.doc (6/23/06)

Reviewed Bleath (E/ q/ IS

N N W N N N N N W WF &' W RN KK
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SOP 724r _L’

Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Date (tl‘-l)l{

Count Dur. | Start | Analyst Output

'Detl.’ Sample ID Et-ch :_FESt (min) T-ft—él?)__ I’l-u.'.tials fci}e i]% I\nilials
A A coee] Pskeaw |5 %"% e L L-:_‘:"v—w
CAA 7 - - @23 | P c

13-} Belw [ Alghw J K

4
)
yd
/
/
/
‘/
/ |
/
/
/
7
7/
J 4
/
/7
4
Z
yd
/7
,/
)
yd
/
/
/
/
/
/
/
/
/
/ — L 1
< =77 = F
ya __ VARZAYIA
Comments:

Page No.: 453998 B Foemn 780r8.doc (6/23/06) Reviewed By / Date:/? 0}5 / fd’

{cont. from page _NA._ B)
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Sample Condition Form (Liquid)

Analyst: \;}

Method: @Rm

Analysis Dale: Y l 3} i<

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

Work Sample
Order 1D nH Color Remarks
S 1900\ L LT [odocless] wigs
\ 2
\ 3
L
S vl N
—

1AOprins\RAD\FORMS\sample condition form (Liquid)
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1380 Saahoard Industrial Blvd.

ANA[YTIC_S ﬂg»cJ ﬂe 9—/)'/05- Afanta, Georgla 30316- U.S.A, i
FES |

Phona {£04) 352-8677 !
Fax (404) 352-2837

CERTIFICATE OF CALIBRATION

Standard Radionnclide Source ‘

1

70035-307 -

Ra-228 5 mb Liquid in Flame Sealed Vial i
This standard radionuclide source was prepared
gravimetrically £from a calibrated master solution. The

master solution was calibrated uging a germanium gamma
spectrometer system.

AP i

Radionuclide purity and calibration were checked with a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

ANALYTICS maintains traceability to the Natiognal Institute
of Standards and Technology through Measurements Assurance
Programs as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTOPRE: Ra-228
ACTIVITY (dps): 2.308 E&
HALF-LIFE: 5.75 years
CALIBRATION DATE: Janmary 28, 2005 12:00 EST
RELATIVE EXPAMDED .
UNCERTAINTY {k=2): 3.3%

Impurities: 'f-isupurit;i.es {other than decay producta) <0.1%
5.00994 grams 0.1M HCl solution with 25 pg/g Ba carrier.

P O NUMBER 71239, Item 2

SOURCE PREPARED BY: N\ (%BW\R'(W
‘ M. Dimitrova, Radiochemist

'QAAPPROVED: M/’Ag?;a_ _ RAAwE
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SOP 724r -n
ALS

Low Background Gas Flow Proportional Counter Log

Instrument: LB4100C

Instrument Daily Response and Background Checks

Background Check De.
Start 1 Status Start2  Status Sta

Det  Detector, @ Alpha, p Beta, P Pass, H High, L Low, OL Offling, R Rerount, W Weekly, NP Not Processed

Weekly Background Calibration

Status File

Dr Drawer
Gas Supply
P-10 Supply P-10 Flow
2700 DrA 6 . l

Tank 1 l DrB {
Tank 2 |—ALQ0 DrC

] DrD
Comments:

ool
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Low Background Gas Flow Proportional Counter Log

Instrument: 1L.B4100C
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Date U q \Yg SOP 724r_]_)_

ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Background Checls
Daily Response Check Background Check

Det. S 1  Status Start2  Status  Start]  Status  Start2  Stams s]t):t'
1 P
2
3
4
5
6
7
8
9
10
11
12 i
14
15
16 “wd
Det Detecior; o Alpha; B Beta, P Pass, H High, L Low; OL Offline R Recount, W Woeekly; NP Not Processed
Weekly Background Calibration
Current Calib. Ejle ID Weekly Calib. Started Status File ID
DrA P 0 S/
DrB
DeC
DrD "
Dr Drawer
Gas Supply )
P-10 Supply P-10 Flow
Tank 1 850 Dr A O
.L 5 DrB
1Z DrC
Tank 2 \L DD
Comments:

rl
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Sample Condition Form (Liguid)

Analyst: }

Analysis Date: b l 3 } IS

Method: £\ 3L

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

Work Sample
Order ID pH Calor Remarks
151900} | 1 [ *F leooclss| wi
\ ]
\ 3
\ i
S LYy

™

1AOprtns\RAD\FORMS\sample condition form (Liquid)
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NALYTICS pso- Ng

1380 Sezboard Industral Blvd.

2 , ¢€ > /.9-'/0( Aflanta, Georgia 30318 - U.S.A.

4)\3_,(,{7) Phone (404) 352-8677
Fax (404) 352-2837

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source
70035-307
Ra-228 5 ml: Liquid in Flame Sealed Vial
This standaxd radionuclide source was prepared
gravimetrically from a calibrated master solution. The

master solution was calibrated using a germanium gamma
spectrometer system.

Radionuclide purity and calibration were checked with a
germanium gamma spectrometer system. The nuclear decay rate
and assay date for this source are given below.

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance
Programs as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTOPE: Ra-228
ACTIVITY (dps): 2.308 E4
HALF-LIFE: 5.75 years
CALIBRATION DATE: January 28, 2005 12:00 EST
RELATIVE EXPANDED
UNCERTAINTY (k=2): 3.3%

Impurities: Y-impurities (other than decay products) <0.1%
5.00994 grams 0.1M HCl solution with 25 pg/g Ba carrier.
P O NUMBER 71239, Item 2 '

SOURCE PREPARED BY: N\ (%ﬂ\!w"(’\(@r"/

M. Dimitrova, Radiochemist

Q A APPROVED: add e f\-ZZZ_%_ 2§
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Sample Condition Form (Liquid)

Analyst: K

Analysis Date: \DI ?: / |§

Method: R l\m

Sample Cendition (Visual Appearance of Analysis Aliguot at Time of Prep)

Work Sample
Order 1D pH Color Remarks
\S1%002- | | {~1 |obded] pm
| 2 | | | ] (
U 2 VLT

1\Oprins\RAD\FORMS\sample condition form {Liguid)

113 of 140




2 Propect ?‘C\ '13(2 O\(a(: LquS’S? A
v ntinued T ¥ ge
T LA T T T 1"' I I SR R T
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by garrent-ray messunman o Ac-228,

Procedurs! Spia the kiloming it ten 50 cerbiluge kbee:
——Egri- -4 O/ T atts aCRAE
0.04mi of 10mgimi Ba

2 Biimg nach wbe W 40mi volme with DI watsr.

4 Add 1.5 of corcaaired NHAOH iy aach tube,
mwummmumwnu

4, Cartethuge art Bies Swogh & 0.A5um sytings
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Wisight of arpty 500w volumetniz

Mase of 100
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: Ra-228

Expiration: AM22013
Activiy:  156.73  dpm/mL
5 8.10 dpmimL
Rel. Date: 11172012
Ref Tima: N/A
Prap Date: /2872012 Prep by: 5w
Matrix/Comp. 0.5M HCL
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1\Oprtns\RAD\INST\GAMMA\Standards\Std 966.4095.32 creation-verification approvaldoc

Due to increasing costs assaclated with the acquisition of a B2 splking solutian, an attempt at
generating an in-house solution from tharlum ICP stock sakution (ST080731-31) was undertaken, The
spiking sohution is Intended to be used for batch QC (matrix spikes and laboratory control samples).
Preliminary tests were performed by using sequential preparatlon to separate ingrown e from the
solution, which was then analyzed by gas flow propartional counting, it appeared as though tha *'Ra
was approximately-70%-ingrown from the Th-parent- This degree of ingrowth was-deamed to be—
sufficient In order 10 facliitate separation and generation of “*Ra into a solution that would be viable for
use as a [aboratory spiking solution,

In ordes 1o determine the activity concentration of the prepared *Ra solution,
separation/purification of ™*Ra from the Thorium (and other radioactive daughter species) was
perfarmed following the procedure outlined on the accompanying spreadsheet “preparation of Ra-228
Spiking Solution”. The total volume of parent stock solution prepared was S00-mL. From this parent,
100-mt. was used for analysis by gamma spectroscopy.

The sokrthan was allowed to sit for a period long enough to ensure sacular equillbrium was
estabiished between the 2*Ra parent and tha 2 Ac used for gamma measurement {15 days). A
varified, NIST traceabite Z*Ra salution (784.4095.29), was then counted by gamma spectroscopy and
used to determine line specific efficancies for the 338, 911, and 968 keV emissions of the daughter
8, Tha stock solution was then counted on the detector and the efficencies were applied to the
count data to determina line spectic activities, and consequently an average total activity for **fa. This
activity determination Is assumed to be accaptable based on the usa of the NIST tracesble standard
used In the efficiency determination. Thus, traceabiiity is maintained and the standard mests the normal
ALS standard verification acceptance criteria as defined In the current revision of ALS SOPs 300, 310, and

‘the LOAP.

The known activity that was determined by gamma spectroscopic analysis for standard
966.,4005.32 Is 70.15 pCi/mL, with an arbitrary reference date of 1/2/2012. This activity concentration
will be input Iato the LIMS standards datatase. Results for this standard are reviewed, genented,
approved, and made active with the approval of the department technical manager and operations

mEnager.

M _,L/_F‘”z

Technica) Manager Date

1

i _El‘l/IL-'
Operations Manbiger Date

v e b i - WS mLm A S M e RS o A £ . S — ——— S TS o b b A bLTRAL A Rae s el W s e
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Low Background Gas Flow Pro ortional Counter Log
Instrument: LB4100C

Instrument Daily Response and Backgro nd Checks

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

m e 0N R WN -

P—t
[ T R L I

16 !

Det = Detector; o = Alpha; p=Beta; =Pass; H=High; L=Low; OL = Offline; B=Re:ount; W = Weekly; NP = Not Processed

V4

Weekly Background Calibration

Current Calib. File ID Weekly Calib. Started Status File ID
DrA (053w
DrB J|
DrC B 'w
DrD
Dr = Drawer
Gas Supply
P-10 Supply P-10 Flow

— T B0 | 100

L DrB
Tank 2 S0 DrC

DrD N
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Count Dur. Start  Analyst Output
Det. S lelD Batch Test (min) . Time Initials File ID Initials
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ALS
Low Background Gas Flow Proportional Counter Log
. Instrument: LB4100C
Instrument Daily Response and Background Checks
Daily Response Check Background Chec Det.
Det. Start 1 Status Start 2 Status Start 1 Status Start 2 Status Status
1 J 7
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

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

Weekly Background Calibration

Current Calib. File ID Weekl Calib. Started Status File ID
Dr A W
DrB
DrC WOV oA
DrD
Dr = Drawer
Gas Supply
P-10 Supply P-10 Flow
LS {
Tank 1 - O Dr A I' J
A DrB
Tank 2. S0 DrC
DrD
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Project la\?:a% (Lh'(\x\“c\ 3\‘5*&6\(\

Continued Irom Page

Prepare a working dilution of _ 230 101\ / Vi

1. Densityof g% HAD2 ,lct#_a_QQQDX_‘L&_é

Mass of 100mL vol. flask: L Balance# Q.
Mass of flask & 100mL acid: s Balance#
Net Mass: .

Density: L

2. Mass of E&Q"L |DH transferred:

Mass of open empty nalgene:
Mass of nalgene & standard:
A \1: Net mas of standard transferred:

A%

3. Dilute to final volume: +

Balance# _
Balance# 1

Balance# _ A ny

Net mass of new dilution: Balance# A/fy

Mass of nalge e, standard, & diluent:_ 344 .9 i % Balance# _Q_(Q_
- Mass of empty nalgene (from above): g ’ g ;Eiﬁg Balance# 1)
4. Final activity calculation:

195 By /oy (03>

I 159634 = 04 54/

Sind 1D: 1014.4095.79

Das&rlptian: Ra-228

Expiration: 41972016 Famnﬁm Log
Activity: 20432 dpmimL Analysis Date _Initais _ Explralion Date |
1172 Zm_ﬂzﬁ'za_a
28 Uncortainly: 1471  dpmimL
Ref. Date: 10/7/2010
Refr Time: N/A
Prep Dale: 111612015 Prepby: TE

Matrix/Comp. 8% HNO3
Half Life {y): 8. 75E+00 &

&4t s -

Signed Dite

Signed
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Standard Reference Material® 433b

Radium-228 Radioactivity Standard

This Standard Reference Material (SRM) consists: of ‘a solution' of a stapdardized and centified quantity of
radioactive radium-228 in a suitably stable and homogeneous matrix. It is intended primarily for the calibration of
instraments that are used to measure radioactivity and for the monitoring of radiochemicat procedures A unit of
SRM 4339b consists of approximately 5 mL of a solution, whose composition is specified in Tables | and 2,
contained in a flame-sealed borosilicate-glass ampoule {1}, ‘

The certified radium-228 massic activity valve, at 8 ancg Time of 1200 EST, 07 October 2010, is:
{195 £ 14) Bgeg™

A NIST certified value, as used within the context of this certificate, is a value for which NIST has the highest
confidence in its uncertainty assessment. It is a “measuremnent result” [2} obtained directly or inditectly from a
“primary  reference measurement -rocedure” [3).  The certified value is traceable 1o the derived SI unil,
Becquerel (Bg).

Additional hysicu!. chemicul, and mdiological properties for this SRM, s well as defails on the standurdization
method, given in Tables 1 and 2. ' Uncertainties: for the cenified ‘quantities: are ‘expanded (X =2), The
uncertainties are ¢ ulated according to the [SO and NIST Gmdes [4,5). Table 3 contains a specification of the
components that comprise the uncertainty analyses.

Expiration of Certification: The cenification of SRM 4339h is valid indefinitely, within the meusurer nt
uncertainty specified, provided that the SRM is handled and stored properly and that no evaporation or chunge in
composition has occurred, - The solution matrix, in an unopened amipoule, is homogencous and stable within its
half-life-dependent uscful lifetime provided the SRM is handled in accordance with instructions given in this
certificate (see “Instryctions for Handling and Storage”). Periodic recertification of this SRM is not required.  The
centification is nullified if the SRM is damaged, contaminated, or otherwise modified. -

Maintenance of SRM Certification: NIST will monitor this SRM over the period of its cedtification. If ubstantive
technical changes occur that affect the centification, NIST will notify the purchaser. Registration (see attached sheet)
will facilitate notification.

Radiological and Chemical Hazard: Consult the Safety Data Sheet (SDS), enclosed with the SRM shipment, for
rudiological and chemical hazard information.

This SRM was prepared in the Physical Measurement Laboratory, Radiation und Biomolecular Physics Division.
Radiouactivity Group, M.P. Unterweger, Group Leader. - The overall technical direction und physicul measurement
leading 1o certification and photon-emiting impurity analyses were provided by L. Pibida of the NIST Radioactivity
Group, with production assistance by J. LaRosa, R. Collé, and L. Laureano-Pérez, Alpha-emitting imp - 'ty analyses
were provided by J. LaRosa.

Support aspects involved in the issuance of this SRM were coordinated through the NIST Office of Refercnce
Materials,

Lisa R. Kuram, Chief

Radiation and Biomolecular Physics Division

Gaithersburg, Maryland 20899 Raobert L. Watters, Jr., Dircctor
Certificate Issue Date: 14 November 2012 Office of Reterence Materials
SRM 4339 Page [ of 4
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Table 1. Cenified Massic Activity of SRM 4339

Radionuclide Radium-228"%

Reference time 1200 EST, 07 October 2010
Massic activity of the solution 195B og!

Relative expanded uncertainty (k=2) - 7.2 %™

™! The final **Ra purification from the
*The uncerwinties on certified values

*>Th mother solution was performed on 02 September 2010 0920 EST.
ure expunded uncertuinties, U-= ku,. The quontity u, is the combined stundapd uncertainty

valeulut d uccording 1o the 1ISO and NI T Guides [4:5]. The combined standurd uncertainty is multiplied by a coveruge fuctor
uf & = 2 und was chosen to obtain what is assumed to be approximate 95 % level of confidence,

Table 2. Uncertified Information of SRM 4339b

Source description

:Liquid in o flame-sealed 5 mL lr;ofmilica:c-g]ass ampoule {1]

{and instrumenis)

Solution composition 1.3 molsL" HNO, with 19.8 pgeg ' Ba™
Sulution density (1.034£0.002) geml"' a1 20.8 °C'?
Solulion mass {5.180+ 0,003) g™
Photon-emitting impurities Ra: <05 Bgg ™
Alpha-emiting impurities T2Th: < 0.08 Bgrg ™™
Half-lives used =Ra: (5.75 £ 0,04) 2 [6]
Ac: (6,15£0.02)h [7]
“*Ra: (1600 £ 7) a [8)
P2Th: (14.02 £ 0.06) x 10° 2 [9]
Calibration methods The centified massic activity for ~'Ra was obtnined by high-resclution
gamma-ray spectrometry of three master solution ampoules (eleven separate

determinations), us. measured on three to five different specirometers and
geometries on each ampoule, and used assumed nuclear data for probubilities
per decay for {6 gamma-ray transitions. Confirmatory measurements were
performed by 2o spectrometry of ingrown ***Th with a planar, jon-implanted
Si detector,

! The stated uncertainty is {wo times the standard u ainty, See reference 5.

! Based on gammu-ray spectrometry of fosced-fitted peuk ut 186.2 keV und assuming a probability per decay of 0.0355 [6).
**The maximum “>Th uctivity concentration in R, '

" The stated uncertainty is the standard uncertainty. See refererice 5.

SRM 4339%

Page 2 0f 4
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Table-3. Uncertainty-Evaluation for the Massic Activity of SRM4339b

Relative standard
uncertainty
ertaj Asscssment | contribution on
Uncestainty component Type" | massic activity of
ZIURa
. (%) -
Gamma-ray specirometry precision; re ative standard’ deviation of the
grand mean on the average massic gammu-ray emission rates for 16
measured *®Ac gamma-ray transitions. Each mean in the grand mean is
based on:11. determinations with three sources in three to five differeat
detectors. The uncertainty jn the determination of the m  ssic ggmma-ray
| | emission rate for any one transition in a given detérmination ranged A 0,84
from typically 0.5 %10 1.5 %. The relative standard deviation of the
meun for the uverage of the 16 lines, for any one determination, was
t pically § %; _hereas the relative standard deviation of the grand mean
for the average of the 16 lines across all 11 determinations is 0,34 %,
Data passes normality test.
Unccnninty due 10 assumed gamma-ray probabilities per decay for the
2 | measured **Ac transitions [7]. The uncertainty on each transition has a B 35
shared (correlated) component of 2.5 % (see comments in [7)).
3| Detection efficiencies not embodied” “thin component | B 0.4
4 | Mass  determinations for dilution factors and - counting source B 0.1
preparations :
5| Decay corrections for 2*Ra half-life uncenainty of 0.7 % (6] . B 0.003
6 Elfect of "®Ra and "SAc hali-life uncertainties on secular equilibrium B 0.02
ratio : ‘
Relative combined standard uncerta?inty 3.6
Relative expanded uncertainty (k = 2) 7.2

@ Leuter A denotes evaluation by sttistical methods; B denotes evaluation by other methods.

™ Average massic gamma-ray emission rates of 11 geomelries (Ry) for 16

asured “PAc gummu-ruy trunsitions with their

respective energy (Ey): assumed gamma-ray probabilities per decay (/) and standard deviation of the mean {Sm)-

Ey(ey) pemmel o me Sa(%)®
129.065 2.50 1347 0.38
153.967 0.754 421.6 040
209.249 3.97 2364 .55
270.245 3.55 2014 0.33
328.004 3.4 1822 0.43
338.32 114 6712 043
409.46 202 1185 0.29
463.002 4.45 2645 0.33

' 755.313 1.03 59]£ 0.46
772.291 1.52 899.2 0.53
794.942 431 2588 0.35
835.704 1.7 995.3 042
911.196 26.2 156009 0.29
964.786 4,99 3007 0.35
968.96 159 9582 0.30
1588.2 3.06 1889 .28

(i) Grand mean for n = | | determinations with three sources in three to five different detectors.
(i) Relative standard deviation of the grand meun on Ry forn =11,

SRM 4339b

Page 3 of 4

138 of 140



INSTRUCTIONS FOR HANDLING AND STORAGE - -

Handling: [f the ampoule is transported, it should be packed, marked, labeled, and shipped in accordance with the
applicable national, intemational, und carrier regulutions.  The solution in the ampoule is a dangerous good
(huzurdous muterial) because of buth the radioactivity und the strong acid. The ampoule should be opened only by
persons qualified to handle both radicactive material and alkaline and/or acidic solutions. Appropriate shielding
and/or distance should be used to minimize personnel exposure. Refer to SDS for further information.

Storage:  SRM 4339b should be stored and used at a temperature between 5 °C and 65 °C. The ampoule (or any
subsequent container) should always be clearly marked as containing radioactive material,

REFERENCES

[1] NIST Physical Measurement Laboratory; Storage and Handling of Radicactive Stundard Reference Materials,
Ampoule Specifications and Opening Procedure, available at http://fwww nist.gov/pmi/div682/grp04/smm.cfm
(uccessed Nov 2012). Note: “This SRM is contained in.u generic borosilicate-glass ampoule und not in the
standard NIST ampoule; ' :

[2) JCGM 200:2012; International Vocabulary of Metrology - Basic and General Concepis and Associated Terms
(VIM) (2008 version with Minor Corrections), 3rd edition; Joint Commitiee for Guides in Metrology: BIPM,
Sevres Cedex, France; p. 19 (2012); available at
hup://www.bipm.org/uliIslcommonldocumems/jcngJCGM_ZOO_ZOI2.pdf (accessed Nov 2012). .

[3] JCGM 200:2012; International Vocabuldary of Metrology - Basic and General Conceprs und Associated Terms
(VIM) (2008 version with Minor, Corrections), 3rd edition; Joint Committee for Guides in Metrology: BIFM,
Sevres Cedex, F  ce; p. 18 (2012): available at :
http://www.bipm.org/utils/common/documents/jcgny CGM_200_2012.pdf (accessed Nov 2012),

[4) JCGM 100:2008: Guide to the Expression of Uncertainty in Meusurement; (IS0 GUM 1995 with Minor
Corrections), Joint Committee for Guides in Metrology: BIPM, Sevres Cedex, France (2008); available at
hnp:llwww.bipm.org/utiIslcorhmowdocumemsljcganCGM_IOO_zms_E.pdf (accessed Nov.2012).

[5) Tay or, B.N.; Kuyatt, C.E.; Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement
Results; NIST Technical Note 1297, U.S. Government Printing Office; Washington, DC (1994); available at
http://physics.nist.gov/Pubs/ (accessed Nov 2012),:

6] Luca, A.;- June 2009, **Ra. LNE-LNHB/CEA  Table of  Radionuclides,  available  at
http://www.nucleide.org/DDEP_WG/Nuclides/Ra-228_tables.pdf (accessed Nov 2012).

[7] Pearce, A.:  January 2010, = ¥Ac, LNE-LNHB/CEA = Table of Rudionuclides, available = at
http://www.nuclelde.org/DDEP_WGINuclideslAc-zzs_mbles.pdf (accessed Nov 2012).

|8) - Christé, V. and 'M.M. Bé; December , P Ra. E-LNHB/CEA Table of Radionuclides, available at
http:/fwww.nuclcide.org/DDEP_WG/Nuclides/Ra-226_tables.pdf (accessed Nov 2012),

[9] ‘Arinc, A.;. September 2008,  “>Th, LNE-LNHB/CEA Table of Radionuclides, available ' at

hutp://www.nucleide.org/DDEP_WG/Nuclides/Th-232_tables.pdf (accessed Nov 20 12).

Users of this SRM should ensure that the Certificate in their possession Is current, This can be accomplished by
contacting the SRM Program: telephone (301) 975-2200; fax {301) 948-3730: e-mail srminfo@nist.gov; or via the
Internet at hitp:/hvww.nist.gav/srm.
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