facility 755652
facility 755653
project 10243

Radon-222

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 799, with procedure
modifications outlined in QASS 465528.

The samples were analyzed for the presence of 22Rn according to the current revision of SOP
704. The analyses were completed on 06/15/2017.

The analysis results for these samples are reported on an ‘As Received’ basis in units of
pCi/L.

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 vials for sample 1706286-3 had larger than pea-sized headspace. The vials with the
smallest air bubble headspace were used for analysis as per QASS 465528. The presence

of headspace may result in a potential bias to the results for samples 1706286-3 and -3REP.

No further anomalous situations were encountered during the preparation or analysis of these
samples. All remaining quality control criteria were met.
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The data contained in the following report have been reviewed and approved by the personnel listed

below. In addition, ALS certifies that the analyses reported herein are true, complete and correct
within the limits of the methods employed.

‘QZ Yo i’ibwb\ 7/24/17

Pik Yee Yuerh/ Date
Radiochemi rimary Data Reyiewer

7/26/17

Radiochemistry Final Data Revi 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: Wednesday, June 21, 2017
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ALS Environmental - Fort Collins
CONDITION OF SAMPLE UPON RECEIPT FORM

Workorder No: \/‘]LOé Z(%

cie: . (X
<<

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

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

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

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

. . : N/A YES NO

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

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

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

If applicable, was the client contacted? YES / NO

Project Manager Signature / Date:

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

Date/Time:

Pagelof
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Method Blank Results

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

Lab ID: RN170614-1IMBIMB Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Prep Batch: RN170614-1 Final Aliquot: 10.0 ml
QCBatchID: RN170614-1-1 Result Units: pCi/l
Run ID: RN170614-1A File Name: B65_19_061401

Count Time: 70 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 -2E+00 +/- 1.3E+01 2.2E+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: RN1706286-1

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

BDL - Below Detection Limit

Date Printed: Wednesday, June 21, 2017 ALS -- Fort Collins Page 1 of 2
LIMS Version: 6.843
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Method Blank Results

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

Lab ID: RN170614-1MB2MB Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Prep Batch: RN170614-1 Final Aliquot: 10.0 ml
QCBatchID: RN170614-1-1 Result Units: pCi/l
Run ID: RN170614-1A File Name: B65_19_061401

Count Time: 70 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
14859-67-7 Rn-222 -4E+00 +/- 1.4E+01 2.4E+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: RN1706286-1

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

BDL - Below Detection Limit

Date Printed: Wednesday, June 21, 2017 ALS -- Fort Collins Page 2 of 2
LIMS Version: 6.843
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Work Order Number:

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

Lab Name:
1706286
Client Name: COGCC

ClientProject ID:

ALS -- Fort Collins

PW NORM 2017 10048

Lab ID: RN170614-1LCS Sample Matrix: WATER Prep Batch: RN170614-1 Final Aliquot: 10.0 ml
Prep SOP: PAI 799 Rev 4 QCBatchlID: RN170614-1-1 Result Units: pCi/l
Date Collected: 14-Jun-17 Run ID: RN170614-1A File Name: B65_19_061401
Date Prepared: 14-Jun-17 Count Time: 8.85 minutes
Date Analyzed: 14-Jun-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14859-67-7 Rn-222 2.32E+04 +/- 2.7E+03 1E+02 2.260E+04 102 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: RN1706286-1
Date Printed: Wednesday, June 21, 2017 ALS -- Fort Collins Page 1 of 2

LIMS Version: 6.843
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Work Order Number:

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

Lab Name:
1706286
Client Name: COGCC

ClientProject ID:

ALS -- Fort Collins

PW NORM 2017 10048

Lab ID: RN170614-1LCSD Sample Matrix: WATER Prep Batch: RN170614-1 Final Aliquot: 10.0 ml
Prep SOP: PAI 799 Rev 4 QCBatchlID: RN170614-1-1 Result Units: pCi/l
Date Collected: 14-Jun-17 Run ID: RN170614-1A File Name: B65_19_061401
Date Prepared: 14-Jun-17 Count Time: 8.85 minutes
Date Analyzed: 15-Jun-17
CASNO Target MDC Spike Added % Rec | Contro Lab
Nuclide Results +/- 2s TPU | Limits | Qualifier
14859-67-7 Rn-222 2.31E+04 +/- 2.6E+03 1E+02 2.260E+04 102 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: RN1706286-1
Date Printed: Wednesday, June 21, 2017 ALS -- Fort Collins Page 2 of 2

LIMS Version: 6.843
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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: 1706286
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Field ID:
Lab ID: RN170614-1LCSD

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 14-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 15-Jun-17

Prep Batch: RN170614-1

QCBatchID: RN170614-1-1
Run ID: RN170614-1A

Count Time: 8.85 minutes

Final Aliquot: 10.0 ml

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

File Name: B65_19_061401

CASNO Analvte Sample Duplicate DER |DER

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

14859-67-7 | Rn-222 2.32E+04 +/- 2.7E+03 1E+02 P,M3 2.31E+04 +/- 2.6E+03 1E+02 P,M3 0.0179 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: RN1706286-1

Abbreviations:

TPU - Total Propagated Uncertainty
DER - Duplicate Error Ratio

BDL - Below Detection Limit

NR - Not Reported

Date Printed: Wednesday, June 21, 2017

ALS -- Fort Collins

LIMS Version: 6.843

Page1of 1
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Sample Results

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

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Field ID: 755652 Coalview
Lab ID: 1706286-1

Prep Batch: RN170614-1
QCBatchID: RN170614-1-1
Run ID: RN170614-1A
Count Time: 70 minutes
Report Basis: As Received

Final Aliquot: 10.0 ml

Prep Basis: As Received

Moisture(%): NA
Result Units: pCi/l
File Name: B65_19_061401

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

14859-67-7 Rn-222 -3E+00 +/- 1.5E+01

2.6E+01

S5E+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.

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: RN1706286-1

ALS -- Fort Collins
LIMS Version: 6.843

Date Printed: Wednesday, June 21, 2017

Page 1 of 4
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Sample Results

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

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Field ID: 755652 Coalview
Lab ID: 1706286-1REP2

Prep Batch: RN170614-1
QCBatchID: RN170614-1-1
Run ID: RN170614-1A
Count Time: 70 minutes
Report Basis: As Received

Final Aliquot: 10.0 ml

Prep Basis: As Received

Moisture(%): NA
Result Units: pCi/l
File Name: B65_19_061401

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

14859-67-7 Rn-222 -3E+00 +/- 1.5E+01

2.6E+01

S5E+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.

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: RN1706286-1

ALS -- Fort Collins
LIMS Version: 6.843

Date Printed: Wednesday, June 21, 2017
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Sample Results

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

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Field ID: 755653 Oscar Y
Lab ID: 1706286-3

Prep Batch: RN170614-1
QCBatchID: RN170614-1-1
Run ID: RN170614-1A
Count Time: 70 minutes
Report Basis: As Received

Final Aliquot: 10.0 ml

Prep Basis: As Received

Moisture(%): NA
Result Units: pCi/l
File Name: B65_19_061401

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

14859-67-7 Rn-222 1E+01 +/- 1.6E+01

2.6E+01

S5E+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.

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: RN1706286-1

ALS -- Fort Collins
LIMS Version: 6.843

Date Printed: Wednesday, June 21, 2017
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Radon-222 by Liquid Scintillation

PAI 704 Rev 11
Sample Results

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

Sample Matrix: WATER

Prep SOP: PAI 799 Rev 4
Date Collected: 13-Jun-17
Date Prepared: 14-Jun-17
Date Analyzed: 14-Jun-17

Field ID: 755653 Oscar Y
Lab ID: 1706286-3REP2

Prep Batch: RN170614-1
QCBatchID: RN170614-1-1
Run ID: RN170614-1A
Count Time: 70 minutes
Report Basis: As Received

Final Aliquot: 10.0 ml

Prep Basis: As Received

Moisture(%): NA
Result Units: pCi/l
File Name: B65_19_061401

CASNO Target Nuclide Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

14859-67-7 Rn-222 -1.4E+01 +/- 1.5E+01

2.7E+01

S5E+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.

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: RN1706286-1

ALS -- Fort Collins
LIMS Version: 6.843

Date Printed: Wednesday, June 21, 2017

Page 4 of 4

20 of 64




Section 5

RAW DATA

21 of 64



T Jo T afed

€78'9 (UOISIBA SWIT
suljjoD uod -- SV

3

/TOZ ‘Tz sunr ‘Aepssups iy :paiulid 31eg

1w uondsle mojed - 1ag
oney Jou3z areaydna - ¥3a

uolenuadU0Y 3|geIdalag WNWIUIA - DA
Aureusosun parebedold [elol - NdL
aheuy 18b1e] - v 190€l] -4l

‘suoneInaIqqy

*U011991109 ABJ3P 10} PasN SI (URIUNOIN) Nd 00:ZT ‘S|ge|iene jou si aw ajdwes a1y (2

‘(pappe AuAnoe Jou painseaw AJAioe "3°'1) Pa1oalI0d pIalA Jou are s)nsal Jadel] ayl (T

*DAN pajsanbay uey) ssa) Ing DAIN UBY) J81ealb uoenuasuod akeuy - €9

DA uey) JarealB uonenuasuod slkjeuy - g
DAIN SaWi G ueY) SSB| SHNSa1 dedldnp 10} paeIndfed 10N - ON

SHUWI| [03U0D SPISINO AISA003Y XIS XLIe - N
‘)W [0AU0D UIYNM A1I9A029Y BxIdS XU1e ‘SO - d

N onuo0d Jaddn anoge A1ano2ay SO1- H

“JIWI| [013UOD 13MO] MOJ3] AIBA023Y ST - 1

*DAW pauodal ay) uey Jayealb si Auanoe
pauodal ay) Ing ‘19w Jou sem DI paisanbal syl - EN

“Jaw Jou DA paisanbay - N

N
N

.PanI9day sy, si siseg uoday aur ajiym Jybiap Aiq, si sisegd lonbiyy - #
ubrom Aiq, st siseg poday dus djIUM ,PaAIBIBY SV, SI siseg Jonbily - «
DalN oy19ads ajdwres ueyy 1arealb ‘DA 1sanbay uey) SS9 S )Nsay - 17
"SIl UM ou ady ereddng - +

€T°Z Jo ywi] jonuo) ueyy Jareall st yaa - a

2¥'T o nwir Buiure p ueyy Jareall st 43aa - m

“SHwWI| YNejep apIsINo plat

[ed1wayo - ¢A

"pawnsse si plaik aAneIuend %0TT-00T 18 [0A1UOD Ul SI PISIA [ed1WayD - TA

"DAW o419ads ajdwes sy uey) Ssa| S1NSaY - N

:S9I0N :sbej4/siauirend
T-98290.TNY :dl 8bexoed ereq
‘Spuswwo)
EN'd VN PaAIgd8y SY €0+39°¢C VN VN 0TS'S WV L0'T  1orT90 6T S99 T-€T w 0T VN 0 VN T-T-vT902INY NV 95:G1:6 alfjeuy b1y aso
20T 200 1nod 20+31 v0+31EC 58'8 %65°.8C 0SS'6L¢T  LT0C/ST/9  vI-yT90LINY 0059571 lw 0T d3Lvm 44 VN T-¥T90LINY  LTOZ/VT/9 zeeuy T-¥T90LTNY
EN'd VN PaAIgd8Y SY €0+3L°C VN VN 0TS'S Nd SO'T  T1OrT90 6T S99 12 w QT VN 0 VN T-T-vT90LINY NV 95:G¥:6 alfjeuy b1y SO1
20T WN 1nod 20+3T  YO+3CET 58'8 %6S'.8C OV8'€8YT  L10Z/VT/9  VI-¥T90LTINY 005951 W 0T g3LVM %44 VN T4T90.INY  LTOZ/VT/9 2zz-uy T-#T90LTNY
n WN PanIvody Sy T0+3r'T WN YN 015'S Nd LS TT  10v190 61 598 (4574 w 0T VN 500 WN TT-vT90LINY NV 95676 akfeuy Bur an
VN 1nod TO+3v'C 00+3v- 0L %65°/8C  00€'S L102/VT/9  VI-PT90LINY 0059571 lw QT d3LVYM 8'EY VN T-vT90LINY  LTOZ/VT/9 zezuy ZANT-¥T90LTNY
n WN panIvody Sy TO+3€T WN YN 015'S Nd ST:T  TOrT90 6T 598 €12 w 0T VN TO WN TT-vT90LINY NV 95676 akfeuy Bur an
VN 1nod T0+32'C 00+3¢- 0L %65'.8C  09€'S L102/VT/9  VI-PT90LINY 005957 lw QT d3Lvm 414 VN T-VT90LINY  LTOZ/VT/9 zezuy TANT-¥TI0LTINY
n WN panIvody Sy T0+35°T WN YN 015'S Nd 0019 TOvT90 6T 598 112 w 0T VN o WN TT-vT90LINY NV 00:9€TT  akfeuy Bur d3y
VN 1nod TO+3LZ  TO+3AV'T- 0L %65°/8C  06L'V L102/VT/9  VI-PT90LINY 005957 lw QT d3Lvm 8'0S VN T-¥T90LINY  LTOZ/ET/9 zezuy €-98290.1
n WN panIvody Sy T0+39°'T WN YN 015'S Wd 6V TovT90 61 598 912 w 0T VN €70 WN TT-vT90LINY NV 00:9€'TT  akfeuy Bur dins
VN 1nod T0+39°C T0+3T 0L 9%65'.8C  0V0'9 L102/VT/9  VI-PT90LINY 0059571 lw QT d3LVYM €15 VN T-¥T90LINY  LTOZ/ET/9 zezuy €-98290.1
n WN PanIvody Sy T0+35'T WN YN 015'S Nd 8E'€  TOYT90 6T 598 874 w 0T VN 20 WN T-T-vT90LTNY NV 00:9T:0T  aikfeuy Bur d3y
VN 1nod T0+39°C 00+3¢€- 0L %65°/8C  09€'S L102/VT/9  VI-PT90LINY 005957 lw QT d3LvVMm ¥'SS VN T-¥T90LINY  LTOZ/ET/9 zezuy 1-98290.1
n WN PanIvodyY Sy T0+35'T WN YN 015'S WNd 922 TovT90 6T 598 v-1g w 0T VN €0 WN T-T-vT90LINY NV 00:9T:0T  aikfeuy Bur dins
WN nod 10+39°C 00+3¢- oL %65°.8C  OVE'S LTOZ/VTI9  VI-vT90LINY 005957 w 0T d3LVM LTS VN T-vT90LINY  LTOZ/ET/9 zzz-uy T-98290.T
sbeid gy siseguodey ~ 1P°d  Ndisze PIRIA ¥ sbyg  ewifeeg  swen eig aiea bry Areuy SI0N% wn1% swi/srea  QIyIrRgDd  swil/ereq adAL adAL 20
hooay ydsy ¥3A snunuoday Jan -+ Amnoy  (Uw)in@ud  y3eseg  INdDSS0ID uno) aunyuy ar sy by dwes Xuley  10319e4 youand ymoubuj yoreg daid ajdwes apionNN qal aidwes
AV 917:8G:0T ¥0L IVd :dOS [ednAeuy 982901 :-49PJO YIOM IVd

/TOZ ‘ST aunr ‘Aepsinyl :uo palioday

1oday eleq

66. IVd dOS daid

Sul[|0D 104 -- STV aweN \COHG‘_Oan_

Mey uolie||iulds pinbi Aq ggzz-uopey




Hondl oA el o 20 fomdl 000

CPM CPM
5.46 48 .31
1483.84 2110.51
5.36 47 .81
5.34 48 .37
5.36 48 .03
&.04 48 .64
4.79 45.29
9.19 50.63
8.37 50.64
5.70 46 .24
5.67 46 .06
5.30 : 48 .01
1479 .55 1. 2086 .44
5.56  10.14 46 .54

v~ e
36T\ _96\Y40\
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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

Sample Repeats

Printer output Mode
Blank Count

IC# or SCR Selected
Replicates

RS232 output Mode
Two-Phase Selected

AQC choice

Cycle Repeats

pData Buffer output Mode
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 cPM 1
Preset %Error Iso2
Norm Multiplier Iso2
Background CPM 2

T
3

Time

21-1 70.
21-2 8.
21-3 70.
21-4 70.
21-5 70.
21-6 70.
21-7 70.
21-8 70.
21-9 70.
21-10 70.
21-11 70,
21-12 70.
13-1 8.
13-2 70.

sam Rack

|l g
ROWLONOUVIAWNERE

=
N

13
14

v
S
WOOOWOOWOWEANINON

%?5_19_061401.ASC

: LS 6000
: 14 3Jun 2017 11:54:07
1 C:\...\LS WINCONNECTION\DATA2\USER19\UNO61401.BSF
: 19

: RN 222
: LS6500
: 70.00
: CPM

: YES
01

: EDIT

: NO

: NO
01

: EDIT

1 NO

1 NO
01

: OFF

: LIQUID
: NO
)

: YES

! none

1 725.00
: 1.75

: 1.00000
: 0.00

: 20.00
: 1.00000
: 0.00

CPM Isol

148

'_&

'

~
vOUTUTUTR O R YLTUTULI

5
3

%Errl

10.23
1.75
10.33
.34 10.34
.36 10.33
.04 9.72
.79 10.93
.19  7.89
.37  8.26
10.01
10.04
10.38
.55 1.75
10.14

.46
.84
.36

Page 1

CPM Iso2

48

2110.
47.
48,
48.
48.
45.
50.
50.
46.
46.
48.

2086
46

31
51
81
37
03
64
29
63
64
24
06
01
.44
.54

%Err2

.44
.46
.46
.44
.45
.43
.55
.36
.36
.52
.52
.45
.47
.50

WRWwwwwwwwwwwiPEw

365

ElTime

71.

80.
151.
222,
294,
.29
436.
507.
578.
650.
721.
792.
802.
873.

05
54
68
88
06

52
63
76
30
85
97
55
67
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Section 6

QUALITY ASSURANCE
SUMMARY REPORTS
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Section 7

LABORATORY BENCH SHEETS
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Sample Condition Form (Liquid)

Analyst: A4 ol Fewos Steqer

Analysis Date: ¢ JH/7

Method:  Pre p

Sample Condition (V|

isual Appearance of Analysis Aliquot at Time of Prep)

Work Sample
Order D pH Color Remarks
706297 | ANE | clear None.
% 2 U o szl hoadgace o all botfles
(706386 | | RV oily
U T3 T oelon B i s o
_ /7
e
/.
i
a0
@//t*)/
aX

I\Oprtns\RAD\FORMS\sample condition form (Liquid)
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STANDARDS TRACEABILITY
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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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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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Section 9

ADDITIONAL SUPPORTING
DOCUMENTATION




Liquid Scintillation Counter

Instrumentation Calibration

Initial Efficiency Calibration
Standards Traceability
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Radon-222 Efficiency Calibration

Oml Sample + 10ml Mineral Oil Cocktail
Beckman LS6500

ate of Calibration : 2/2/2017
reparation Date : 1/9/2017
LUMEX Correction: OFF
Known Activity of  -222 (Ra-226) Standard 907.3610.53
Activity = 1025.87 2/24/2010
Ra-226 172 life= 1.60E+03 yTS.
C rrent Activity = 1022.79 dpm/mL
Spiked = 5.00 mL
Spike Activity = 5113.95 dpm
Days ngrowth= 24.00 days
-222 1/2 Life= 3.832 days
Mini um Ingrowth actor= 0.987
(725-850)
Sample WIN 1C M UMEX % #
RN170109-1M 1 6.03 0.01 414
RN170109-1 2 573 0.01 40.8
RN170109-1MB3 5.60 0.01 40.5
1713007-1 14637.78 0.00 42.6
1713007-2 14880.00 0.00 43.0
1713007-3 14621.11 0.00 42.7
Average LCS= 14712.96 0.01 41.8 Averages
Average KG= 5.7%
Net CPM= 14707.18 UMEX% #
/Known DPM= 5113.95 5.00 56.8 UCL
0.00 26.8 LCL
Calibration actoer (C )= 2.8759 See Tech Mgr.| See Tech Mgr. | Corr. Action

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

Pr‘éw'ovs E& =7 2.6436

nstrument Technician :

S pervisory Rev

2.837549 ] )
2.6436 -\| 100 = 8.79y Ditferon
Ol rew se of
Z r7 CCl,f/bfad?(J'/) Viaﬁ/
Signature & Date Irvs I

CO/H("OJ tml:(/-

| 27 TP lzz)

Signature & Date

1\Oprtns\RAD\INST\LSC\LS6500\CALIBRATIONS\SINGLE POINT\2016\02.06.17_EFF_RN-222.XLS
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PAGE :

W 2 FEB 2017 14:21
USER:19 COMMENT : LS6500
PRESET TIME 120.00
DATA CALC CPM H#  :YES SAMPLE REPEATS: 1 PRINTER TEDIT
COUNT BLANK NO  IC# NO REPLICATES 1 RS232 tEDIT
TWO PHASE NO  AQC NO CYCLE REPEATS : 1 DISK OFF
SCINTILLATOR: LIQUID LUMEX: NO LOW SAMPLE REJ: 0
LOW LEVEL YES HALF LIFE CORRECTION DATE: none
CHAN: 725.0 - 850.0¥ %ERROR: 1.75 FACTOR:  1.000000 BKG. SUB: 0
WIDE OPEN WINDOW ZERROR*20.00 FACTOR: 1.000000 BKG. SUB: 0
SAM  POS  TIME M LUMEX ELAPSED
NO MIN % TIME
1 48-1 0.90 42.6 14637.78 1.74 20406.67  1.48  0.00 1.39
2 48-2 0.90 43.0 14880.00 1.73 20648.89 1.47  0.00 2.88
3 48-3 0.90 42.7 14621.11 1.74 20164.45 1.48  0.00 4.36
4 48-4 120.00 41.4 6.03  7.43 51.42 2.55  0.01  125.81
5 48-5 120.00 40.8 5.73 7.62 49.56 2.59  0.01  247.26
6 48-6 120.00 40.5 5.60 7.72 49.64 2.59  0.01  368.69
MISSING SAMPLE
13 27-1 120.00 41.8 5.256  7.97 48.16  2.63 0.0l  490.33
14 27-2 120.00 41.0 5.53 7.76 48.42 2.62 0.01  611.76
15 27-3 120.00 41.2 5.74  7.62 47.94 2.64  0.01  733.21
16 27-4 8.80 43.4  1487.27 1.75 2103.86 1.47  0.00  742.65
17 27-5 8.70 42.2  1502.18 1.75 2131.49 1.47  0.00  751.99
18 27-6 8.65 42.1  1516.19 1.75 2171.56 1.46  0.00 761.29
19 277 8.75 41.0  1502.29 1.74 2156.91 1.47  0.00  770.67
20 27-8 120.00 40.1 5.16 8.04 46.52 2.68 0.01  892.13
21 27-9 120.00 42.7 5.22 7.99 46.07 2.69  0.01 1013.58
22 27-10 120.00 40.8 5.66  7.68 48.12 2.63 0.0l 1135.05
v v V4 v
p6S g 029202
-

M-
ZW(17
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BSF Vversion
Instrument Type
Data Capture Date
User Filename

User Number

User Id

User Comments
Preset Count Time
calculation Mode

H# Selected

Sample Repeats
Printer Output Mode
Blank Count

IC# or SCR Selected
Replicates

RS232 oOutput Mode
Two-Phase Selected
AQC Choice

Cycle Repeats

Data Buffer output Mode

Scintillator Choice
Lumex Selected

Low Sample Reject Count

Low Level Selection

Half Life Correction Date

window Limits Window
Preset %Error Isol
Norm Multiplier Isol
Background CcPm 1
Preset %Error Iso2
Norm Multiplier Iso2
Background CPM 2

Sam Rack Time

1 48-1 0.90
2 48-2 0.90
3 48-3 0.90
4 48-4 120.00
5 48-5 120.00
6 48-6 120.00
13 27-1 120.00
14 27-2 120.00
15 27-3 120.00
16 27-4 8.80
17 27-5 8.70
18 27-6  8.65
19 27-7 8.75
20 27-8 120.00
21 27-9 120.00
22 27-10 120.00

1

X
B3

OO\II—‘O;—‘N-PNOOOU'IOO&\IOO\

%?5_19_020202.ASC

: LS 6000

: 02 Feb 2017 13:39:06

: gé\...\LS WINCONNECTION\DATA2\USER19\UN020202.BSF

: RN 222
: LS6500
: 120.00
. CPM
. YES

: OFF

: LIQUID
: NO

: 0

: YES

! nhone

: 725.00
: 1.75

: 1.00000
: 0.00

: 20.00

: 1.00000
: 0.00

CPM Isol %Errl

14637.78 1.74
14880.00 1.73
14621.11 1.74
6.03 7.43
5.73 7.62
5.60 7.72
5.25  7.97
5.53 7.76
5.74 7.62
1487.27 1.75
1502.18 1.75
1516.19 1.75
1502.29 1.74
5.16 8.04
5.22  7.99
5.66 7.68
Page 1

CPM Iso?2

20406.
20648.
20164.
51.
49,
49,
48.
48.
47.
2103.
2131.
2171.
2156.
46.
46.
48.

67
89
45
42
56
64

%Err2

.48
.47
.48
.55
.59
.59
.63
.62
.64

NNNRERERERNNNNNNRERR

gl 7/\%\ V

LUmEX ElTime

.00 1.
.00 2.
.00 4.
.01 125.
.01 247.
.01 368.
.01 490.
.01 611.
733.
.00 742.
.00 751.
.00 761.
.00 770.
.01 892.
.01 1013.
.01 1135.

[ofelolelolololelololofofololof e}
(=}
=

2|t
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"DAILY INSTRUMENT PERFORMANCE CHECKS - LS6500 (LL OFF, LUMEX OFF)
Daily IPCs consist of the following standards;
Efficiency Check -
Eckert&Ziegler Tritium Standard Eckert&Ziegler C-14 Standard
Lot H92218 Lot 92228
101700.00 dpm 102420.00 dpm
3/4/2013 REF 3/4/2013 REF
3/4/2018 EXP 3/4/2018 EXP
Historic Control Limits as of 09/14/16 LC
Decay Corrected Tritium Carbon-14
UCL (3 sigma) 61531.57 79032.10
UWL (2 sigma) 61328.60 78892.00
Mean Value 60922.70 78611.80
LWL (2 sigma) 60516.80 78331.60
LCL (3 sigma) 60313.83 78191.50
Decay Corrected
Obs Date H-3 CPM H-CPM PASS? C-14 CPM PASS?
106 2/2/2017 48622.60 60656.88 OK 78613.1 OK
107 2/3/2017 48487.00 60497.07 LWL 78695.8 OK

LSQA6500_New_05.25.16.XLS
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& 1380 Seaboard Industrial 8lvd,
Atlanta, Geargia 30318

s \O
®® Eckert & Ziegler %,,,o Pb°®1 To 404-352.8677

Fax 4043522837
Ana'yﬁcs www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

81680A-307
8§ mL Liquid in Flame Sealed Vial

Customent ALS Lab/Fort Colling, CO
P.O. No.: 73828 03-04-10, Item 1

This standard radionuclide source was Prepared gravimetrically from a master solution calibrated by Eckert
& Ziegler Analytics, using a germanium gamma Spectrometer system. Radionuclide purity and calibration
were checked with a germanium gamma spectrometer system. The nuclear decay rate and reference date
far this source are given below., Eckert & Ziegler Analytics (EZA) maintaing traceability to the National
Institute of Standards and Technology through a Measurements Assurance Program as described in USNRC
Regulatory Guide 4.15, Revision 1, February, 1979, and compliance with ANSI N43,22-1988, "Traceability of
Radioactive Sources to NIST.” EZA is accredited by the Health Physics Society (HPS) for the production of

Uncertaintye , %
Half-Life, Activity Type Reference Date
Isotope Days (Bq) uy 4G U (12:00 PM EST)
Ra-228 8.844E+08 1.876E+04 08 24 49 02/24/2010

Single Isotope Certificats, Rev 1 9/28/2009

amu-mmwﬁuzmmmmu 1m.'cmn-uqundxm—ug
mwydmwm-lb.' o

Commaents:
Impurities: y-impurities < 0.1 %, s.oaalagnmuamnmmmmmymwgmm.

Wes ~—

Saurce Prepared by:
W. Mao, Radiochemist

QA Approved: ﬁ Date: 2v i
J. D. McCarvey, QA Manager Almut\

24937 Avenue Tibbltts  Valencla, Californta 91355

Laboratory

Corporate Office
1380 Seaboard Industrial Bivd. Atianta, Georgla, 30318
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Expiration:  1/6/2016 Reverification Log
Activity: 100.64 dpm/mL Analysis Date Initials  Expiration Date

2s Uncertainty: 4.93 dpm/mL
Ref. Date:  7/1/12010
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Prep Date: 12/8/2014 Prep by: TE
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1380 Seaboard Industrial Blvd,
Atlanta, Georgia 30318

- . o ¥
2 ECker t & Zleglel’ {{i‘,’b’ Q_%OG\\‘(Q_ Tel 404¢352:8677

. . Fax 404352:2837
Analytics

www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

82863-307
Ra-228 8 ml Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group / Fort Colling
P,0. No.: 23628 06-10-10, Item 1

Standards and Technology through a Maasurements Assuranca Program as described in USNRC Regulatory
Guide 4.13, Rovision 1, Pebruary, 1979, and compliance with ANSI N43.22-1998, *Traceability of Racivactive
Sources to NIST." EZA is acoredited by tha Health Physics Saciety (HPS) for the production of NIST-traceable
sources, and this sourca was produced in accordance with the HPS acereditation requivemnents, Customara may
report any concerns with the accreditation program to the HPg Secretaziat, 1313 Dolley Madison Blvd,, Ste. 402,
Mclean, VA 23101. .

Uncertainty*, %
Hait-Jifa, Actlvity Type Reference Date
Isotope Days (Bg) Ua By (12:00 PM EST)
Ra-228 8.844E+08 ) 1.860E+04 08 2.4 49 07/01/2010

“Unosrtatuty: U’-R-lndnuyludndwn:y.h=3.39-mwum 1287, "Guidalines for Evalusting and Expressing the
Uncertainty of NIST Measurement Resalts.” . ' -

Commasts: . .
Impurities: y-impuzitios <0.1%. 5.08176 9 0.1M HCI solution with approximately 30 ug/g Ba carrler.

Sourca Preparedby: - L s e
W. Mao, Radiochemist

QA Approvad: -1{1\‘\/\ . Date: ééﬂ(m .

J. D, McCosvey, QA Mamgerﬁmmflo

-

|

g

3 .

1 Single Isotope Certificate, Rav 1 9/28/2008

Corparate Office Laboratory
24937 Avenue Tibbitts  Valencia, Californta 91355 1380 Seaboard Industrial Bivd, Atlanta, Georgle, 30318
I —
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Liquid Scintillation Counter

Quality Control Data

Dally Instrument Performance Checks
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DAILY INSTRUMENT PERFORMANCE CHECKS - LS6500 (LL OFF, LUMEX OFF)
Daily IPCs consist of the following standards;
Efficiency Check -
Eckert&Ziegler Tritium Standard Eckert&Ziegler C-14 Standard
Lot H92218 Lot 92228
101700.00 dpm 102420.00 dpm
3/4/2013 REF 3/4/2013 REF
3/4/2018 EXP 3/4/2018 EXP
Historic Control Limits as 0of 03/23/17 JP
Decay Corrected Tritium Carbon-14
UCL (3 sigma) 60874.14 78955.90
UWL (2 sigma) 60748.60 78843.70
Mean Value 60497.50 78619.40
LWL (2 sigma) 60246.40 78395.20
LCL (3 sigma) 60120.82 78283.02
Decay Corrected
Obs Date H-3 CPM H-CPM PASS? C-14 CPM PASS?
53 6/14/2017 47252.60 60162.63 LWL 78623.2 OK
54 6/15/2017 47185.60 60086.61 LOW 78635.9 OK
55 6/16/2017 47287.10 60225.17 LWL 78690.2 OK

I\Oprtns\RAD\INST\LSC\LS6500\DAILY QC\LSQA6500 New 05.25.16 % y
6116l
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