facility 439136
project 10243

Radon-222

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 799.

The sample was analyzed for the presence of 2°2Rn according to the current revision of SOP 704.

The analyses were completed on 05/12/2017.

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

The quench factor (H#) for samples 1705202-1 and -1REP is above the upper control limit of
57.0, at values of 68.9 and 65.7. Due to the nature of the preparation of these samples as well
as the short half-life of 2?Rn (t1.=3.8 days), these samples were not re-analyzed. Data quality is
not believed to be affected. The results are submitted without further qualification.

No further anomalous situations were encountered during the preparation or analysis of this
sample. 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 54«‘1(’.. ﬂ}mb\ 5/25/17

Pik Yee YieA Date
Radiochemi

5/25/17
Radiochemistry Final Data Review&f Date

2 of 59


pik.yuen
Pik Yee Yuen Sig

shiloh.summy
Shiloh

shiloh.summy
Typewritten Text
5/25/17


Section 1

CHAIN OF CUSTODY

30f 59



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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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Method Blank Results

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

Lab ID: RN170510-1IMBIMB Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 11-May-17

Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
QCBatchID: RN170510-1-1 Result Units: pCi/l
Run ID: RN170510-1A File Name: B60_20_051101

Count Time: 60 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 -1.3E+01 +/- 1.6E+01 2.8E+01 5E+01 NA u
Comments:

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

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

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

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

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

DL - Decision Level

Data Package ID: RN1705202-1

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

BDL - Below Detection Limit

Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 1 of 2
LIMS Version: 6.842
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Method Blank Results

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

Lab ID: RN170510-1MB2MB Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 12-May-17

Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
QCBatchID: RN170510-1-1 Result Units: pCi/l
Run ID: RN170510-1A File Name: B60_20_051101

Count Time: 60 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 6E+00 +/- 1.9E+01 3.1E+01 5E+01 NA u
Comments:

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

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

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

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

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

DL - Decision Level

Data Package ID: RN1705202-1

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

BDL - Below Detection Limit

Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 2 of 2
LIMS Version: 6.842
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Radon-222 by Liquid Scintillation
PAI 704 Rev 11
Laboratory Control Sample(s)

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

Lab ID: RN170510-1LCS Sample Matrix: WATER Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
Prep SOP: PAI 799 Rev 4 QCBatchlID: RN170510-1-1 Result Units: pCi/l
Date Collected: 10-May-17 Run ID: RN170510-1A File Name: B60_20_051101
Date Prepared: 10-May-17 Count Time: 9.5 minutes
Date Analyzed: 11-May-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14859-67-7 Rn-222 2.23E+04 +- 2.6E+03 1E+02 2.260E+04 989 | 75-125 P,M3
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: RN1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.842
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Radon-222 by Liquid Scintillation
PAI 704 Rev 11
Laboratory Control Sample(s)

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

Lab ID: RN170510-1LCSD Sample Matrix: WATER Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
Prep SOP: PAI 799 Rev 4 QCBatchlID: RN170510-1-1 Result Units: pCi/l
Date Collected: 10-May-17 Run ID: RN170510-1A File Name: B60_20_051101
Date Prepared: 10-May-17 Count Time: 9.35 minutes
Date Analyzed: 12-May-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14859-67-7 Rn-222 2.28E+04 +/- 2.6E+03 1E+02 2.260E+04 101 | 75-125 P,M3
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: RN1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.842
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Radon-222 by Liquid Scintillation
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: RN170510-1LCSD

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 10-May-17
Date Prepared: 10-May-17
Date Analyzed: 12-May-17

Prep Batch: RN170510-1

QCBatchID: RN170510-1-1
Run ID: RN170510-1A

Count Time: 9.35 minutes

Final Aliquot: 10.0 ml

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

File Name: B60_20_051101

CASNO Analvte Sample Duplicate DER |DER

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

14859-67-7 | Rn-222 2.23E+04 +/- 2.6E+03 1E+02 P,M3 2.28E+04 +/- 2.6E+03 1E+02 P,M3 0.115 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: RN1705202-1

Abbreviations:

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Tuesday, May 23, 2017

ALS -- Fort Collins

LIMS Version: 6.842

Page1of 1
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

1705202
CoGcCC

PAI 704 Rev 11
Sample Results

ALS -- Fort Collins

PW NORM 2017 10048

Radon-222 by Liquid Scintillation

Field ID: 439136 Sample Matrix: WATER Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
' Prep SOP: PAI 799 Rev 4 : -1- is: Unfi
Lab ID: 1705202-1 p Y QCBatchID: RN170510-1-1 Pr.ep Basis: Unfiltered
Date Collected: 09-May-17 Run ID: RN170510-1A Moisture(%): NA
Date Prepared: 10-May-17 Count Time: 60 minutes Result Units: pCill
Date Analyzed: 11-May-17 Report Basis: Unfiltered File Name: B60_20_051101
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 9.9E+01 +/- 2.8E+01 3.8E+01 S5E+01 NA
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: RN1705202-1
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:

1705202
CoGcCC

PAI 704 Rev 11
Sample Results

ALS -- Fort Collins

PW NORM 2017 10048

Radon-222 by Liquid Scintillation

Field ID: 439136 Sample Matrix: WATER Prep Batch: RN170510-1 Final Aliquot: 10.0 ml
' Prep SOP: PAI 799 Rev 4 : -1- is: Unfi
Lab ID: 1705202-1REP2 p Y QCBatchID: RN170510-1-1 Pr.ep Basis: Unfiltered
Date Collected: 09-May-17 Run ID: RN170510-1A Moisture(%): NA
Date Prepared: 10-May-17 Count Time: 60 minutes Result Units: pCill
Date Analyzed: 12-May-17 Report Basis: Unfiltered File Name: B60_20_051101
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 8.2E+01 +/- 2.7E+01 3.8E+01 S5E+01 NA
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: RN1705202-1
Date Printed: Tuesday, May 23, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.842
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BSF Version
Instrument Type
Data Capture Date
User Filename

User Number

User Id

User Comments
Preset Count Time
Calculation Mode

H# Selected

SampTle Repeats
Printer Output Mode
Blank Count

IC# or SCR Selected
Replicates

RS232 output Mode
Two-Phase Selected
AQC choice

Cycle Repeats
Scintillator Choice
Lumex Selected

Low Sample Reject Count

Low Level Selection

Half Life Correction Date
window Limits window 1

Preset %Error Isol

Norm Multiplier Isol

Background cpPM 1
Preset %Error Iso2
Norm Multiplier Iso2
Background CPM 2

Alpha/Beta Discrimination

Time

.00

sam Rack

1 [
QUOOONOAWVTAWNE

CoONOYUVT A WN
I NNNNNNNNN
|

49,
43.
49.
58.
57.
56.
57.
60.
61.

55.

H#

CODBLONNOOROOWOORWOLONW

%?O_ZO_OSllOl.ASC
: LS 6000
: 11 May 2017 11:22:32
: c6\...\Ls WINCONNECTION\DATA\USER20\UNO51101.BSF

2

: RN-222

: LS6e000
: 60.00
: CPM
I YES
: STD
: NO
: NO
: EDIT
: NO
: NO
: LIQUID
: NO
> YES
I none
1 725.00
0 1.75
: 1.00000
: 0.00
: 20.00
: 1.00000
: 0.00
: NO
CPM Isol %Errl
5.43 11.08
1374.95 1.75
4.93 11.62
5.22 11.30
5.57 10.94
11.00 7.78
12.12 7.42
12.15 7.41
11.57 7.59
8.63 8.79
8.02 9.12
10.03 8.15
10.12 8.12
9.47 8.39
8.78 8.71
9.67 8.30
7.92 9.18
5.90 10.63
1400.64 1.75
5.77 10.75
Page 1

CPM Iso?2

47

1982.

.10
00
.23
.45
.90
.30
.47
.92
.53
.32
.75
.62
.92
.22
.73
.20
.17
.05
.98
.70

%Err2 LumeEx ElTime
3.76 0.13 61.27
1.46 0.00 71.84
3.84 0.10 133.30
3.79 0.29 194.71
3.81 0.29 256.12
3.38 0.08 317.56
3.35 0.08 379.03
3.34 0.09 440.59
3.43 0.09 501.95
3.54 0.13 563.33
3.62 0.17 624.81
3.49 0.13 686.30
3.52 0.15 748.07
3.61 0.18 809.66
3.66 0.19 871.15
3.54 0.17 932.63
3.61 0.18 994.13
3.80 0.20 1055.51
1.47 0.00 1065.92
3.70 0.18 1127.40

s[tzlt7
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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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Section 7

LABORATORY BENCH SHEETS
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Sample Condition Form (Liquid)
Analyst: ggvz_\ ‘L . M\tt
Analysis Date: S 0~ s Method:  Read ond
?\’\[ ‘TOS‘ {0 - \ Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)
Work Sample
Order 1D pH Color Remarks
| Fos (5§ ( A clear | vo Peed Spuer
I7'°r17¥ | jrw\l fen ﬂth SpnA—
' melion  adad (“CJ Spet—m

'L NO ﬂ"t(/c Sp aLA_

l
2
l > sodl pen e spee—
(
{

| 70371 2
[FoS 202 Cloudy, \
| Fo5 20 l d l L l

1\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Section 8

STANDARDS TRACEABILITY
DOCUMENTS
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Re 2L M(\LC /\Q SXr))

i
i

Half Life (y):

Project 0] l (9 ‘ Li Oq <,C>O\ 69
Continued from Page
l—-"}"_lk T T T T T T T T T T E é \\% lf ‘ % ! i i
———  Prepare a working dilution of A )L DL \0 7 Q) )( 3\ \
" 1. Densityof “0.um Wl lot# 000 oo‘m\\\o
Mass of 100mL vol. flask: Balance # _ | Q
— Mass of flask & 100mL acid: .f Balance# | O
| —— Net Mass: Q9. 237F —
| Density: 0 Ax2Y g)ML
Il 2. Mass of 21k .3 [Q,_TC’Q transferred: '
H— E Mass of open empty nalgene: 24.1b3)o Balance# ) B N
__,Q \\ Mass of nalgene & standard: 2 Balance# )9, Q_\__
\ Net mass of standard transferred: 2,3<H| Balance# AJM }\ \{\s
' \
- 3. Dilute to final volume: '
L Mass of nalgene, standard, & diluent: 10?1 § Balance# 2 éz
| Mass of empty nalgene (from above): 4.1 L'S) %  Balance# ] 2
Net mass of new dilution: Balance# AP
—— 4, Final activity calculatlon
— 20,156 OOA)W\D (0"137‘1\3/»«1.) 35? ) 100. ét{%)“
_ 4 Y
|
b | ‘ = )| | ,
P NIAINIS ]
| Stnd ID: 916.4095.69 L
Description: ~ Ra-226 %
Expiration:  1/6/2016 Reverification Log ‘
Activity: 100.64 dpm/mL Analysis Date Initials __Expjration Date |
Ji2ole | JI" | Jo1zo17
2s Uncertainty: 4.93 dpm/mL
Ref Date: 71112010
Ref Time: NIA
Prep Date: 12/8/2014 Prep by: TE
| Matrix/Comp. 0.1M HCI
1.60E+03

L

i

|
i

e p—

' P 1lahs |

¥ T

|
|

l
|

!
l
[
¢

ontinucd on Page

otm/ s
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Read and Understood By

(e aule g 2y

Signed Signed Date
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®) gf 1380 Seaboard industrial Blvd.
1\ 0 Atlanta, Georgia 30318 .

= Eckert & Zleg ler <« /\,U' Q_% C\\,(Q‘ Tel 404+352-8677

. Fax 404+352.2837
Analyﬂcs ) www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

A0 SO0UD VY

82863-307
Ra-328 3 mbL Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group / Fort Colling
P.0.No.: 73623 08-10-10, Itam 1

This standard radionuclide source was Prepared gravimetrically from a master sclution calibrated by Eckert &
Ziegler Analytics, using a germanium gamma spectrometer system. Radionuclide purity and calibration were

Standazds and Technology through a Measurenents ZAssurance Program as described in USNRC Regulatory
Guide 4.13, Ravision 1, February, 1879, and compliance with ANSI N42.22-1898, "Traceability of Radioactive
Sources to NIST."” EZA is acoredited by the Health Physics Saciaty (HPS) for the production of NIST-traceable
sources, and this source was praducsd in accordance with the KPS accreditation requirements. Customara may
report any concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd,, Ste. 402,
McLean, VA 22101. .

Uncertainty*, %
Hail-Lifa, Activity Type Reference Date
Isotope Days (Bg) Uy T v (12:00 PM EST)
Ra-220 8.844E408 . 1.860E+04 08 24 48 07/01/2010

“Uncertainty: U~ Relative expandad uncertainty, & = 2, See NIST Tacknical Note 1287, "Guidalines for Evaluating and Expreasing the
Uncartsinty of NIST Messurement Results.* . -

Commants: . .
Impurities: y-impurities <0.1%. 6.08176 9 0.1M HC1 solution with approximately 30 pg/g Ba carrier.

Source Prepared by: : Lt
W. Mao, Radiochemist

QA Approved: :é )L\/'\ - Dates q/ﬂ {D.

J. D. McCozvey, QA Manager Altsmfle

Singie tsotops Certiicats, Rev 1 9/28/2009
Corporate Office Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1380 Seaboard Industrial 8ivd, Atlants, Georgis, 30318
e~
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Liquid Scintillation Counter

Instrumentation Calibration

Initial Efficiency Calibration
Standards Traceabillity
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Radon-222 Efficiency Calibration

10ml Sample + 10ml Mineral Oil Cocktail

Beckman LS6000
Date of Calibration : 4/4/2017
Preparation Date : 1/9/2017
LUMEX Correction: OFF

Known Activity of Rn-222 (Ra-226) Standard 907.3610.53

Activity = 1025.87 2/24/2010
Ra-226 172 life= 1.60E+03 yrS.
Current Activity = 1022.72 dpm/mL
Spiked = 5.00 mL
Spike Activity = 5113.58 dpm
Days Ingrowth= 85.00 days
Rn-222 1/2 Life= 3.832 days
Minimum Ingrowth Factor= 1.000
(725-850)
Sample ID WIND1 CPM  LUMEX % H#
RN170109-1AMB 6.08 0.05 41.5
RN170109-1BMB 5.75 0.04 40.9
RN170109-1CMB 5.75 0.05 41.1
1713007-1 14077.89 0.00 42.6
1713007-2 14088.42 0.00 42.6
1713007-3 14193.68 0.00 43.1
Average LCS= 14120.00 0.02 42.0 Averages
Average BKG= 5.86
Net CPM= 14114.14 LUMEX% H#
/Known DPM= 5113.58 5.00 57.0 UCL
0.00 27.0 LCL
Calibration Factor (CF)= 2.7601 See Tech Mgr.| See Tech Mgr. | Corr. Action

**WIND 2 is not evaluated for higher energy contamination for this test.

Yose\ (2780 N\ =/ 3.4
Z.656\ \O@

Instrument Technician : M 7/5-_// 7

~ / Signature & Date

Supervisory Review : L) } 10 /5 )

Vd Signature & Date

[\Oprins\RADANSTALSC\LS6000\CALIBRATIONS\SINGLE POINT\2016\04.04.17_EFF_RN-222.XLS
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B60_20_040401.ASC
BSF Version 3

Instrument Type : LS 6000
Data Capture Date : 04 Apr 2017 09:29:16
User Filename : C:\...\LS WINCONNECTION\DATA\USER20\UNO40401. BSF
User Number : 20

User Id : RN-222
User Comments : LS6000
Preset Count Time : 120.00
calculation Mode : CPM

H# Selected : YES
Sample Repeats 1
Printer Output Mode : STD
Blank Count : NO

IC# or SCR Selected : NO
Replicates 01

RS232 output Mode ! EDIT
Two-Phase Selected : NO

AQC Choice : NO
Cycle Repeats 1
scintillator choice : LIQUID
Lumex Selected : NO

Ltow Sample Reject Count : 0

Low Level Selection 1 YES
Half Life Correction Date ! none
window Limits wWindow 1 : 725.00
Preset %Error Isol : 1.75
Norm Multiplier Isol : 1.00000
Background CPM 1 : 0.00
Preset %Error Iso2 : 20.00
Norm Multiplier Iso2 : 1.00000
Background CPM 2 : 0.00
Alpha/Beta Discrimination : NO

sam Rack Time H# CPM Isol %Errl CPM Iso2 %Err2 LumEx EITime

1 8-1 0.95 42.6 14077.89 1.73 19492.63 1.47 0.00 1.74
2 8-2 0.95 42.6 14088.42 1.73 19661.05 1.46 0.00 3.57
3 8-3 0.95 43.1 14193.68 1.72 19642.11 1.46 0.00 5.51
4 8-4 120.00 41.5 6.08 7.40 50.26 2.58 0.05 127.52
5 8-5 120.00 40.9 5.75 7.61 50.08 2.58 0.04 249.43
6 8-6 120.00 41.1 5.75 7.61 47.88 2.64 0.05 371.34
13 32-1 120.00 43.5 5.03 8.14 47 .83 2.64 0.06 493.45
14 32-2 120.00 42.2 5.49 7.79 47.92 2.64 0.05 615.26
15 32-3 120.00 41.6 5.38 7.87 46.13 2.69 0.06 737.19
16 32-4 9.45 44.0 1382.96 1.75 1954.60 1.47 0.00 747.68
17 32-5 9.65 42.5 1353.78 1.75 1940.93 1.46 0.00 758.50
18 32-6 9.45 43.9 1386.67 1.75 1987.62 1.46 0.00 769.12
19 32-7 9.55 42.8 1373.51 1.75 1959.06 1.46 0.00 779.62
20 32-8 120.00 41.4 5.19 8.01 46.03 2.69 0.08 901.57
21 32-9 120.00 45.3 5.33 7.91 47.35 2.65 0.09 1023.51
22 32-10 120.00 42.7 5.28 7.94 46.75 2.67 0.08 1145.45
/J\Q "\\lb\‘“
Page 1
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i Stnd ID: 907.3610.53 e AN T
.. Description: Ra-226 ‘ 5
. Expiration:  3110/2011 |Reverification Log S
:E\\P\w Activity:  1025.87 dpmimL Analysis Date Initials  Expiration Date :‘E ’
_2s Uncertainty:: 5027  dpmimL q?:,xa 1t 4 ‘,;\ * 7/51{'
Ref. Date: 212412010 A p
" Ref Time: NIA ) B
. PrepDate: 3/5/12010 Prepby: JD ol N
~ Matrix/Comp. 0.1M HCI 2
| HalfLife(y): 1.60E+03 rb%—H w‘;,
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@ Eckert&Ziegler ' v~ .4 cpiviv e
(z Q’D Fax 404+352+2837
Ana]ytics www.analyticsinc.com

- CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

Singla {sotope Certiflcats, Rev 1 9/28/2009

81680A-301
8 m Liguid in Flame Sealad Vial

Customex: ALS Lah/Fort Collins, CO
P.O.No.: 73828 02-04-10, Itam 1

This atandard radionuclide sourca was prepared gravimetrically from a master sojution calibrated by Eckext.
& Ziegler Analytics, using a germanium gamma spectromater system. Radionnclide purity and calibration
were checked with a germanium gamma spectrometer system. The nuclear decay rate and refersnce date
for this source are given below. Eckert & Ziagler Analytics (E24) maintaing traceability to the National
Ingtitute of Standarda and Teclmology through a Measuremants Assurance Program as described in USNRC
Regulatory Guids 4,18, Ravieion 1, Fobruary, 1978, and compliance with ANSI N43.22-1888, "Traceability of
Radioactive Sources to NIST,* EZA ia accradited by the Haalth Physios Soctety (HPS) for the production of
NIST-raceabla sources, and this source was produced in accordance with the HPS accreditation
requirements, Cugtomars may roport any concerng with the accreditation program to the HPS Sscretariat,
1313 Dolley Madison Blvd,, Ste. 403, McLean, VA 22101,

Unceytatnty* , 34
Hall-Lile, Activity Type Reference Date
Ieotape Dayn {Ba) ) e S ] (12:00 PM EST)
Ra-220 8.844E+08B 1.875E+04 08 24 40 02/24/2010

*Uneortaintyr U - Bolative expandad uncexiainty, k = 3. Ses NIET Technical Note 1397, “Guldelinas for Bvaluating and Exprassing
the Uncertalnty of NIST Maasnremant Rasulte.”

Commants)
Impurities: y-impuorities < 0.1 36, 8.08818 grams in 0.1M HC1 sclution with approzimately 30 yig/g Ba carriox.

Saurce Prepared by; Wes -
W, Mao, Radiochemist

QA Approved: —_w-f: \'\/‘\ Date: 7:1 2y ! 1)

J. D. McCorvey, QA4 Manager Mtematx

24937 Avenue Tibbitts  Valencla, Californla 91395

Corporate Office Laboratory
1380 Seaboard Industrial Bivd. Ailanta, Georgfa, 30318
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Continued from Page

916 -4095.69

e 3L M\m S8\

jpme——T | T T T T T T T T T T
- 8 g 11 1
1 Prepare a working dilution of A IL 3L \O 7 ‘o )! \3\§\\
- 1. Densityof "0 .M \'}C\, lot # o0 OOT&\ \‘o ]
Mass of 100mL vol. tlask: Balance # __[2
1 Mass of flask & 100mL acid: Balance# | O
| Net Mass:
I - Density: L
— 2. Mass of 21b .3 5.7 transferred:
—'-"t Mass of open empty nalgene: 24.]b3)e Balance# )
; "’At ‘\ Mass of nalgene & standard: v Balance# |9, \L
1 ":5\0'\\ Net mass of standard transferred: Balance# AJA N\
- 3. Dilute to final volume: '
S B Mass of nalgene, standard, & dlluent 1013 gg_ Balance# 2 éz
1 Mass of empty nalgene (from above): 24, 1(3)a  Balance# ]2
Net mass of new dilution: Balance# AP
— 4. Final activity calculatlon
—- 30,156 OOA,?MJ CO°1°17“|3/ML) EL 35? ) 100. é"@}»«
4 AN .
* :}\% \‘\ —T
L
JV T ‘
Stnd ID: 916.4095.69
Description: ~ Ra-226 i %
Expiration:  1/6/2016 {Reveriﬁcation Log ‘
Activity: 100.64 dpm/mL Analysis Date initials __ Expjration Date |
4120 | T
2s Uncertainty: 493 dpm/mL ) ! ’O:UZQU_ .
Ref Date: 71/2010
Ref Time: NIA
Prep Date: 12/8/2014 Prep by: TE
! Matrix/Comp. 0.1M HCI
. HalfLife (y): 1.60E+03 jp / /
t . i |
| ' i
1 { ’L \ i~ l ¢ ontinued on Fage

S1ot

) { (ﬁlzms"
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lsfT - | Brg b AL R o2 AN} RIEA
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_7 202997413 s
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Continued on Page
. Read and Undarstood By
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

n—y . L ¥
= Eckert &Zlegler V‘Z,U' Q_Qoq"(g_ Tel 404+352:8677

. . Fax 404+352:2837
Analytics

www.anaiyticsinc.com

CERTIFICATE OF CALIBRATION

: Standard Radionuclide Source

= U SOD YNV

82883-307
Ra-328 8 mb Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group / Fort Colling
P.0.No.: 73638 08-10-10, Item 1

Standirds and Technology through a Measurements Assuranca Program as described in USNRC Regulatory
Guide 4.15, Ravision 1, Pebruary, 1979, and compliance with ANSI N42.23-1998, "Traceakility of Radioactive
Sources to NIST.” EZA is acoredited by the Health Physics Socdety (HPS) for the production of NIST-traceable
sources, and thiy 3curca was produced in accordance with ihe HFS accreditation requirements, Customers nay
report m‘; At:c;m:euuzm1 with the accreditation pragram to the KPS Sacretariat, 1313 Dolley Madison Blvdl., Ste. 403,
Melean, . .

. Unceztaintyv, %
Half-Lifs, Retivity Type Refersnce Date
Isotope Days @_ Uy Ty U (12:00 PM EST)
Ra-228 8.844E+08 . 1.860E+04 08 24 49 07/01/2010
s aintys U - Relath P ’umm;.nzs«mmnmmvﬂmmmmuwm
Uncartainty of NIST Measuremant Results.” : -
Commaents:

Impurities: y-impurities <0.1%. 8.08178 g 0.1M HCI aclution with approximately 30 ug/q Ba carrier.

Source Preparedby: - Ll s
W. Mae, Radiochemist

QA Approved: -zg‘zkv‘\ - Dates @lb .
J. D, McCorvey, QA Manager mnmro

Singe Isotope Certitcate, Rev 1 9/28/2008
Corparate Office Laboratory
24937 Avenue Tibbitts  Valencia, Californta 91358 1380 Seaboard Industrtal 8lvd. Atlants, Georgla, 30313
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Liquid Scintillation Counter

Quality Control Data

Dally Instrument Performance Checks
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