facility 755652
facility 755653
project 10243

Radium-228

Case Narrative

COGCC
PW NORM 2017 — 10048
Work Order Number: 1706286

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

These samples were prepared according to the current revision of SOP 749.

The samples were analyzed for the presence of ?2Ra 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 analyses were completed on 06/27/2017.

The analysis results for these samples are reported in units of pCi/L. Sample 1706286-3 was
filtered prior to analysis. Sample 1706286-1 was not filtered prior to analysis.

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

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.

The requested MDC was not met for samples 1706286-1 and -3 due to reduced aliquots of the
samples taken for analysis. These samples are identified with an “M” or an “M3” flag on the final
reports. The reported activity for samples identified with an “M3” flag exceeds the achieved
MDC. Reports are submitted without further qualification.

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

"QA ﬁ«%%«»&\ 7/24/117

Pik Yee Yuen\J Date
Radiochemi rimary Data Reyviewer

, 7/26/17
Radiochemistry Final Data Revieffer Date
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ALS -- Fort Collins

Sample Number(s) Cross-Reference Table

OrderNum:

Client Name:

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

1706286
COGCC

PW NORM 2017
10048

CT 2017-3066

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

Page1of 1

ALS -- Fort Collins

LIMS Version: 6.843

Date Printed: Monday, July 17, 2017

4 of 117



. Ag Q3AE03Y 008 L YOSHSNG SRRTMZHOWNS HOSN¥ YOSZHE SONHZ IOHY | AT NOLLYANISINd
A8 GIHSINDNITTY ﬁwﬁhﬁ_ﬂ“ X qe| 3o 3di2921 uedn anasasd pue Jayy = uuzo_m/m_n
A8 a3nzoay potoht 30 15 15 'eN B ‘Y ‘od ‘20 el = 0108 TP
” Y l AB QIHSINDNNIN ﬁﬁm@ uz tgL
(-C U-£1-9 MV EN] MY YV ) | recansoa e 4L 415 ‘25 ‘1d "N U "ol '3 ‘09 ‘PO ‘ea 'sv ‘B ‘v = 1103 BEbe
2L R LIOTIEHS sEInEu J23d CNLT AA | racansinonmay oy A'1S 'S 'd “IN "EN ‘Bl ‘11 ‘2 419 ‘€D 'ed ‘g = 1230} 0408
WL dlva IWYN aTINIYd awnvhois 61z Loy S21ON .
“ ey =d PRXE=3 pINb=T JAEM= M PIOS|IOSUOU =GN MOS=S 0= D XMBN  ISW  {eRiQ) oUoz s,
X | x [ x| x| x| x| x{|x ] 4 Qﬁ\\\ LHEWS M A 16050 £3959L| g
X z v I ] e M A 18950 £9995. /.\\
X | X [ x| x| xix{x]|x ] z Q\ ’ I { | wews M M3IAIROD Z3955L| 4
X z v GO mews M maite0o zgasar|\L/
zmow__wmwu rle e a3 |a|[o|a]|v ]| o /anviasaue| 8 ap aams gy | e a1 a1ad alsv
r
uone|na|ed yys i
(rOs '3 1D g) suoe 950BMS| H TIviN-3
splios papuadsns Qobszns| o Xvd xvd
SPIes panjossip DOFGEWS| d INOHd 9Z€1-629-611| aNCHd
Ayurex[e sjeuaqrea pue sjeucqiesld B10) D0ZEENS| 3 diZ/31¥1S [ ALID £0Z08 OO 19AURQ| . dIZ7aLvLS 1 ALY
eouejoNnpUco ojoads goLszws| a SSINAGY LO8 2)INS “3§ Uj0aurT 0ZL}| ssauaay
Hd varoems| o OL NLLY 3I0ANI SEJNEJUIS) 1219d| Ol 1¥Od3Y AN3S
0LDOME S[ejaW poaossipl g ANVEWOS OLTIE UOISSIWILLICS UOPEAIISUO) SED ' |IO OPRIOIOD| IWYN ANVIWOD
0ZDS/OLOSMS HRIeW [j0)} - 89062102 10} waa¥o IsvHouNd
SISATYNY HO4 1S3ND3Y GOHLIWAT LAWYV 20000 Ivwyod aa3 87004 | "oN Loaroud
o 8v1A8 TSodsia alsLs L10Z WHON Md| aweN Lo3roud
€ i [4 Jovd ovdioN _ HI1dWYS _ SAep gir TWIL ANNOYYNYML
‘AP $53.15nq 21 3y} wol Bujuulieq PajeNolED aq (1M ABPIMES PIAIIRI SRS 10) S| PUNCIBLIN L Z25L06% (046) i L5060 (D46) "HD  LLSLCR (008) i
Qm NQO\T _ “fep sS2aUISNq X3t ay) wou) Bujuul5:q pIIE|INs[e ag [ w "wid 2. a3 peYaoR) S2dWES 10 AW PUTCIBLIN ), PEG08 OPRICIED "SUIIOD He 'AMIQ SISO 578
# UIAHOHHOM STV Apojsno-jo-ureyn |ejustuuodiIAug STY




A8 aAIE0FY BRO8 DL POSHENG SBRIVUZHOBING HOSNT POSZHE SONHT PHY | A3 NOILVANISINY
A GIHSINONITTY pidepbcad B ¢ NSEZPHSZZ ‘18P2Z ‘AdPIZ 18217 'dZLT 'SOLE) ‘O = uileh
BETT —
A8 a3AR03Y hepidecd VBHE< YL 12103, 0Z00 JI Ajuo YL 35l
[V -
) A8 G3HSINONINZY Ropspsis) I/Brig< 1 .1&303. 0208 31 Ajuo N o3,
n . N . . . ©
mlﬂs .\J\a ﬁ\.\\l M \!& 1, F.&CS { .L ._1l. L .‘Q\m\i\xsél ’ \O A" Q2AEDaY ﬂuﬁnﬁ@ Bupdures jo sfep p ujy)tm pagunes pur paddaid eypzz
.. guINway
& } ~ Lioucis SENEULD JNad %g A® QIHSINDNINZY 26 1 1HAS LeodaYE Bujdwes jo sfep ¢ ulypm pRunes pue (diasidoes) paddasd gyo
¥ it
anin alva JWVN QIINNd HALYND v 61207 unod STLON'
ey =d wenxa=3 pmbj =7 Jolesm=pA PUOS lOSUOU=SN [1I05=5 [I0=0 XUEN 1SN {eruD) suez swil,
ULYEZ ‘BdWpET ‘BMBZZ/OVEZT ‘NISZ/EHIZE 1Gh22
'‘qdiLZ 1922 ‘QdZIT 'SOLEL "HOP siep|wa ewweB
7
X F3 € LHELS M A JBDEQ £695G)
A A)
e |- b X X X x | x| x z X AU | e M A 18980 £5855/ /V
X L € d \ . § \ LHELS M M3lnjeo] 259982 5
L
! i
. - X b4 X X X X [4 € hW\ . \ \ LHELS M M3IAjeO] T59581 /4\
NOILO3S
: $3111086 a1va
mw%z r l H 9 d | a 0 a v 00 | 3AlvANISENd | T oL (TN AWAYS L e NIHLYW aigi=id al &
r
ul aidoesy,| g
nadopsk| H YW-3 vW-3
sagwe ewues| o Xvd Xvd
edgez| 4 3NOHA 9ZEL-6.96L1] INOHd
eHOZZ BRUFZE| 3 dIZ/IIVIS T ALID £0Z08 00 "19AURQ| diZ/3LVLS  ALID
uyzZeel a SSINAaY 108 NS “)§ ujoouln 0ZL1| ssadaay
odotg| o OL NLLY SOIOANI senejuID 1999d| oL Lyod=y aNgs
adotz| 8 ANVdWOD 0L T8 UQISSILUtLOD UOPBAIRSUCD S 7 |10 OPEIOIOD| JWVN ANYAWOD
elaq ssbreydie ssoif| ¢ 8908-L10Z 19| ¥30MO ISVHINND
SISATYNY HOd L$INOIY QOHLIWAILINVHY 20902| LvWyod aa3 8¥00L| "oN Lo3rONd
o av] Ag ™WS0dsIa ajaus 4107 WHON Md| awWeN Loaroud
£ jo b 3ovd ovdiod _ YITIWYS - _ 94ep o HWIL ANNOHYNYENL

75190\

# HIQHOHHOM STV

AP $SIWYSNG XY 3Y) woy Fujuu|Bag pateInaes aq au ABPINES PaA(aaa) 8a|dWes 104 [ puneieuInL

Aep ssau[snq Jxau ayl woy Bujuulfeq paieinsjes aq (| 'w'd Z Jaye paajasat sa)diues o) Yy punodeusn]

Apojsnao-jo-ujeysn

TZS1-06b (026) M4 L4GH-06K (046) SHd LLSL-Chy (008) 1oL
YZS08 OPEIO|0D ‘SUIIIOD Lo 'eAlIQ GAIBWWOD G627

[ejusWIUOIIAUT STV




ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Workorder No: \/‘]LOé Z(%

cie: . (X
<<

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

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

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

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

. . : N/A YES NO

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

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

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

If applicable, was the client contacted? YES / NO

Project Manager Signature / Date:

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

Date/Time:

Pagelof
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SAMPLE RESULTS SUMMARY
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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
1706286

COGCC

PW NORM 2017 10048

Lab ID: RA170621-1MB

Sample Matrix: WATER
Prep SOP: SOP749 Rev 4

Date Collected: 21-Jun-17

Date Prepared: 21-Jun-17

Date Analyzed: 27-Jun-17

Prep Batch: RA170621-1
QCBatchID: RA170621-1-1
Run ID: RA170621-1A
Count Time: 90 minutes

Final Aliquot: 1500 ml
Result Units: pCi/l
File Name: rac0627

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
15262-20-1 Ra-228 2.8E-01 +/- 2.9E-01 6E-01 1E+00 NA U
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.310E+04 3.240E+04 ug 98.0 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: RA1706286-1
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.843

11 of 117



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
1706286

COGCC

PW NORM 2017 10048

Lab ID: RA170621-1LCS

Sample Matrix: WATER
Prep SOP: SOP749 Rev 4

Date Collected: 21-Jun-17
Date Prepared: 21-Jun-17
Date Analyzed: 27-Jun-17

Prep Batch: RA170621-1

QCBatchID: RA170621-1-1
Run ID: RA170621-1A

Count Time: 90 minutes

Final Aliquot: 1500 ml

Result Units: pCi/l

File Name: rac0627

CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
15262-20-1 Ra-228 5.8E+00 +/- 1.5E+00 7E-01 6.820E+00 85.7 70 -130 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.310E+04 3.300E+04 ug 99.8 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: RA1706286-1
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.843
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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
1706286

COGCC

PW NORM 2017 10048

Lab ID: RA170621-1LCSD

Sample Matrix: WATER
Prep SOP: SOP749 Rev 4

Date Collected: 21-Jun-17
Date Prepared: 21-Jun-17
Date Analyzed: 27-Jun-17

Prep Batch: RA170621-1

QCBatchID: RA170621-1-1
Run ID: RA170621-1A

Count Time: 90 minutes

Final Aliquot: 1500 ml

Result Units: pCi/l

File Name: rac0627

CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
15262-20-1 Ra-228 6E+00 +/- 1.5E+00 6E-01 6.820E+00 87.9 70 -130 P
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.310E+04 3.300E+04 ug 99.8 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: RA1706286-1
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.843
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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: 1706286
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Field ID:
Lab ID: RA170621-1LCSD

Sample Matrix: WATER

Prep SOP: SOP749 Rev 4
Date Collected: 21-Jun-17
Date Prepared: 21-Jun-17
Date Analyzed: 27-Jun-17

Prep Batch: RA170621-1

QCBatchID: RA170621-1-1
Run ID: RA170621-1A

Count Time: 90 minutes

Final Aliquot: 1500 ml
Prep Basis: Unfiltered
Moisture(%): NA
Result Units: pCi/l
File Name: rac0627

CASNO Analvte Sample Duplicate DER |DER

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

15262-20-1 | Ra-228 5.8E+00 +/- 1.5E+00 7E-01 P 6E+00 +/- 1.5E+00 6E-01 P 0.0713 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: RA1706286-1

Abbreviations:

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Monday, July 17, 2017

ALS -- Fort Collins
LIMS Version: 6.843

Page1of 1

14 of 117




Section 4

INDIVIDUAL SAMPLE RESULTS

4
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Radium-228 Analysis by GFPC

PAI 724 Rev 12
Sample Results

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

Field ID: 755652 Coalview Sample Matrix: WATER Prep Batch: RA170621-1 Final Aliquot: 748 ml
Prep SOP: SOP749 Rev 4 : -1- is: i
Lab ID: 1706286-1 p Y QCBatchID: RA170621-1-1 Pr.ep Basis: Unfiltered
Date Collected: 13-Jun-17 Run ID: RA170621-1A Moisture(%): NA
Date Prepared: 21-Jun-17 Count Time: 90 minutes Result Units: pCill
Date Analyzed: 27-Jun-17 Report Basis: Unfiltered File Name: rac0627
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
15262-20-1 Ra-228 7.6E+00 +/- 2E+00 1.3E+00 1E+00 NA M3
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.000E+04 2.450E+04 ug 81.7 40 - 110 %
Comments:
Qualifiers/Flags:
U - Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.
M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty
MDC - Sample specific Minimum Detectable Concentration
BDL - Below Detection Limit
DL - Decision Level
Data Package ID: RA1706286-1
Date Printed: Monday, July 17, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.843
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Radium-228 Analysis by GFPC

PAI 724 Rev 12
Sample Results

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

Field ID: 755653 Oscar Y Sample Matrix: WATER Prep Batch: RA170621-1 Final Aliquot: 748 ml
Prep SOP: SOP749 Rev 4 : -1- is: Fi
Lab ID: 1706286-3 p Vv QCBatchID: RA170621-1-1 Pr.ep Basis: Filtered
Date Collected: 13-Jun-17 Run ID: RA170621-1A Moisture(%): NA
Date Prepared: 21-Jun-17 Count Time: 90 minutes Result Units: pCill
Date Analyzed: 27-Jun-17 Report Basis: Filtered File Name: rac0627
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
15262-20-1 Ra-228 6.3E-01 +/- 5.7E-01 1.19E+00 1E+00 NA UM
Chemical Yield Summary
Carrier/Tracer | Amount Added Result Units Yield Control Flag
Limits
BARIUM 3.400E+04 3.140E+04 ug 92.3 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: RA1706286-1
Date Printed: Monday, July 24, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.843
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RAW DATA
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Low Backgroﬁnd Gas Flow Propostional Counter Log
Instrument: LB4100C

Instrument Daily Response and Background Checks

Iz

, , Daily Response Check Background Check. Det.

" Det | Startl - Status  Start2  Status | Startl  Stamus  Start2 _ Status | Status
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Det = Detector; o= Alpha; B = Beta; P = Pass; H=High; L= Low; OL = Offline;- R = Recount; W= Week_ly; NP.= Not Processed

Weekly Background Calibration

Curent Calib. File ID ‘Weekly Calib. Started Status File ID
Dr A ULOWA) -
DrB
DrC B : \
D D PBULOL U
Dr = Drawer
Gas Supply

P-10 Supply P-10 Flow

ok 1 _1[{!50 gg 1@,
Tank 2 | B8O Dr&
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Low Background Gas Flow Proportional Counter Log

Instrument: LB4100C
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Analyst: Liucags Dok

Sample Condition Form (Liquid)

Analysis Date: £ /2 { /17 Method: ©r¢ D
Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)
Work Sample
Crder D pH Color
1706223 £2. | Cleapy Nene
2
To6967 f
106268 |
1706269 t v
16627 | Yellow Clmclg Oy
) z i g ahshqanbmwm&L#Qiﬂm_
(To6L36 \ Uendy O;}\j
d 5 Orande |Only ; Otange Seirheﬁ*’,' £ ered
1106288 1 Clear|  Neone
[To6729 7 Clowdy
l (2 Clecy \
(06329 \ SI*‘%‘E%A\\ Flot 120, Or&nG A
4 7 4ol | Clocdy -
T4 3Ho | Clear ISM 0. Ll_f)/um N
{ 3 Vo
(fogzH] | e |Clady dwsi.nc, £ Tan Sed prent
l 3 ] )
906375 | e |Chunda  Smelly
[ 706423 ‘ v ) = "

[\Oprtns\RAD\FORMS\sample condition form (Liguid)
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Section 8

STANDARDS TRACEABILITY
DOCUMENTS
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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.
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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: 06/19/2017

Efficiency Log Files: RA228-06/17

Efficiency Instrument Files: ERA0619A-D

Source ID’s: Efficiency (Ra-228 784.3020.37)
ICV/ICB’s (Ra-228 1014.4095.79)
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ANALYTICS Koo N

1380 Seaboard Industrial Bivd.

Phone (404) 352-8677

Fax

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source
70035-307
Ra-228 5 ml Liquid in Flame Sealed Vvial
This standard radionuclide soQurce was prepared
gravimetrically from a calibrated master solution. The

master solution was calibrated wusing 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: Yy-impurities (other than decay products) <0.1%
5.00994 grams 0.1M HCl solution with 25 ug/g Ba carrier.
P O NUMBER 71239, Item 2 '

SOURCE PREPARED BY: M\ (%W\/\AJV O4

M. Dimitrova, Radiochemist

O A APPROVED: Y1) /\?’Z‘/}j A-lvs

/2%/ (/@ > /)//o < Atlanta, Georgia 30318 - U.S.A.

(404) 352-2837
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Internal Calculation Verifications
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instruinent Daily Response and Background Checks
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Background Checks
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