facility 439136
project 10243

Gross Alpha/Beta

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 702.
The sample was analyzed for gross alpha and beta activity by gas flow proportional counting
according to the current revision of SOP 724. The analysis was completed on 05/12/2017.

Gross alpha results are referenced to **Am. Gross beta results are referenced to **'Cs.

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 for batch
GA170511-1.

The requested MDC for gross alpha/beta for sample 1705202-1 was not achieved. The

reported activity for this sample exceeds the achieved MDC. The results are flagged with an

“M3" qualifier on the final reports.

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.

Q;Muw _ 526117

Jedin Anderson Date
Radiochemistry Pimary Data Revjewer

- 5/26/17
Radiochemistry Final Data Reviewe&r Date
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ALS -- Fort Collins

Sample Number(s) Cross-Reference Table

OrderNum: 1705202
Client Name: COGCC
Client Project Name: PW NORM 2017
Client Project Number: 10048
Client PO Number: CT 2017-3066

Client Sample Lab Sample | COC Number Matrix Date Time
Number Number Collected | Collected
439136 1705202-1 WATER  09-May-17 12:50
439136 1705202-2 WATER  09-May-17 12:50
Page 1 of 1 ALS -- Fort Collins Date Printed: Friday, May 26, 2017

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

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

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

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

Are custody seals on shipping containers intact?

Are Custody seals on sample containers intact?

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

Are the COC and bottle labels complete and legible?

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

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

Temperature (°C): ‘M
O

No. of custody seals on cooler:

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

Information
Background pR/hr reading: NPE

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

g

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

Al RaD Sre~ples vn Hhe Ponb C0d o

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

TR s

byiHe, Final phH <

FWo, 1ok 00, 52 y4¢

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

Date/Time:

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

Page 1 of J_
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PAIl 724 Rev 12
Method Blank Results

Gross Alpha(Co-Precipitation) Analysis by GFPC

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

Lab ID: GA170511-1MB

Sample Matrix: WATER

Prep SOP: PAI 786 Rev 7
Date Collected: 11-May-17
Date Prepared: 11-May-17

Prep Batch: GA170511-1

QCBatchID: GA170511-1-1
Run ID: GA170511-1A

Count Time: 1000 minutes

Final Aliquot: 500 ml
Result Units: pCi/l
File Name: aba0512

Date Analyzed: 12-May-17

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-46-1 GROSS ALPHA 2.6E-01 +/- 2.4E-01 3.9E-01 3E+00 NA u

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.

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: GA1705202-2

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

BDL - Below Detection Limit

Date Printed: Friday, May 26, 2017

ALS -- Fort Collins
LIMS Version: 6.842

Page 1 of 1
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

1705202
COGCC

Gross Beta by GFPC

PAIl 724 Rev 12
Method Blank Results

ALS -- Fort Collins

PW NORM 2017 10048

Lab ID: AB170511-1MB

Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 11-May-17
Date Prepared: 11-May-17
Date Analyzed: 12-May-17

Prep Batch: AB170511-1
QCBatchID: AB170511-1-1

Run ID: AB170511-1A
Count Time: 1000 minutes

Final Aliquot: 200 ml
Result Units: pCi/l

File Name: abc0512b

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-47-2 GROSS BETA -2.4E-01 +/- 6.3E-01 1.06E+00 4E+00 NA U
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. T .
MDC - Sample specific Minimum Detectable Concentration
Y2 - Chemical Yield outside default limits.
i i 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: AB1705202-1
Date Printed: Thursday, May 25, 2017 ALS -- Fort Collins Page 1 of 1

LIMS Version: 6.842
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Gross Alpha(Co-Precipitation) Analysis by GFPC

Lab Name: ALS -- Fort Co
Work Order Number: 1705202
Client Name: COGCC

PAI 724 Rev 12

Laboratory Control Sample(s)

llins

ClientProject ID: PW NORM 2017 10048

Lab ID: GA170511-1LCS Sample Matrix: WATER Prep Batch: GA170511-1 Final Aliquot: 500 ml
Prep SOP: PAI 786 Rev 7 QCBatchID: GA170511-1-1 Result Units: pCi/l
Date Collected: 11-May-17 Run ID: GA170511-1A File Name: aba0512a
Date Prepared: 11-May-17 Count Time: 30 minutes
Date Analyzed: 12-May-17
CASNO Target MDC Spike Added % Rec | Control Lab

Nuclide

Results +/- 2s TPU

Limits | Qualifier

12587-46-1 GROSS ALPHA 1E+02 +/- 1.8E+01 2E+00 8.920E+01 112 75-125 P
Comments: This sample was filtered prior to analysis.
Qualifiers/Flags: Abbreviations:

U - Resultis less than the sample specific MDC.

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

TPU - Total Propagated Uncertainty

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: GA1705202-2

MDC - Minimum Detectable Concentration

Date Printed: Friday, May 26, 2017

ALS -- Fort Collins
LIMS Version: 6.842

Page 1 of 2
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Gross Beta by GFPC
PAI 724 Rev 12
Laboratory Control Sample(s)

ALS -- Fort Collins
1705202

COGCC

PW NORM 2017 10048

Lab ID: AB170511-1LCS Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20

Date Collected: 11-May-17
Date Prepared: 11-May-17
Date Analyzed: 12-May-17

Prep Batch: AB170511-1
QCBatchID: AB170511-1-1

Run ID: AB170511-1A

Count Time: 30 minutes

Final Aliquot: 200 ml

Result Units: pCi/l

File Name: abc0512¢c

CASNO Target
Nuclide Results +/- 2s TPU

MDC

Spike Added

% Rec

Control
Limits

Lab
Qualifier

12587-47-2 GROSS BETA 2E+02 +/- 3.5E+01

1.2E+01

2.270E+02

88.0

75-125

P,M3

Comments:

Qualifiers/Flags:

U - Resultis less than the sample specific MDC.

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

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: AB1705202-1

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable Concentration

Date Printed: Thursday, May 25, 2017

ALS -- Fort Collins

LIMS Version: 6.842

Page 1 of 1
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Gross Alpha(Co-Precipitation) Analysis by GFPC

Lab Name: ALS -- Fort Co
Work Order Number: 1705202
Client Name: COGCC

PAI 724 Rev 12

Laboratory Control Sample(s)

llins

ClientProject ID: PW NORM 2017 10048

Lab ID: GA170511-1LCSD Sample Matrix: WATER Prep Batch: GA170511-1 Final Aliquot: 500 ml
Prep SOP: PAI 786 Rev 7 QCBatchID: GA170511-1-1 Result Units: pCi/l
Date Collected: 11-May-17 Run ID: GA170511-1A File Name: aba0512a
Date Prepared: 11-May-17 Count Time: 30 minutes
Date Analyzed: 12-May-17
CASNO Target MDC Spike Added % Rec | Control Lab

Nuclide

Results +/- 2s TPU

Limits | Qualifier

12587-46-1 GROSS ALPHA 1.04E+02 +/- 1.9E+01 2E+00 8.920E+01 117 75-125 P
Comments: This sample was filtered prior to analysis.
Qualifiers/Flags: Abbreviations:

U - Resultis less than the sample specific MDC.

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

TPU - Total Propagated Uncertainty

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: GA1705202-2

MDC - Minimum Detectable Concentration

Date Printed: Friday, May 26, 2017

ALS -- Fort Collins
LIMS Version: 6.842

Page 2 of 2
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Gross Alpha(Co-Precipitation) Analysis by GFPC
PAI 724 Rev 12
Duplicate Sample Results (DER)

Lab Name: ALS -- Fort Collins

Work Order Number: 1705202
Client Name: COGCC

ClientProject ID: PW NORM 2017 10048

Field ID:
Lab ID;: GA170511-1LCSD

Sample Matrix: WATER

Prep SOP: PAI 786 Rev 7
Date Collected: 11-May-17
Date Prepared: 11-May-17
Date Analyzed: 12-May-17

Prep Batch: GA170511-1 Final Aliquot: 500 ml
QCBatchID: GA170511-1-1 Prep Basis: Filtered
Run ID: GA170511-1A Moisture(%): NA

Count Time: 30 minutes Result Units: pCi/l

File Name: aba0512a

CASNO Analvte Sample Duplicate DER |DER
y Result +/- 2 s TPU MDC Flags Result +/- 2 s TPU MDC Flags Lim
12587-46-1 | GROSS ALPHA 1E+02 +/- 1.8E+01 2E+00 P 1.04E+02 +/- 1.9E+01 2E+00 P 0.167 2
Comments: This sample was filtered prior to analysis.
Duplicate Qualifiers/Flags: Abbreviations:

U - Result is less than the sample specific MDC.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

Y2 - Chemical Yield outside default limits.
W - DER is greater than Warning Limit of 1.42

D - DER is greater than Control Limit of 2

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: GA1705202-2

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

NR - Not Reported

Date Printed: Friday, May 26, 2017

ALS -- Fort Collins Page 1 of 1
LIMS Version: 6.842
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Gross Alpha(Co-Precipitation) Analysis by GFPC

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

1705202
COGCC

PAI 724 Rev 12
Sample Results

ALS -- Fort Collins

PW NORM 2017 10048

Field ID: 439136 Sample Matrix: WATER Prep Batch: GA170511-1 Final Aliquot: 50.0 ml
' Prep SOP: PAI 786 Rev 7 ; 1 s Ei
Lab ID: 1705202-1 p QCBatchIiD: GA170511-1-1 Pr.ep Basis: Filtered
Date Collected: 09-May-17 Run ID: GA170511-1A Moisture(%): NA
Date Prepared: 11-May-17 Count Time: 1000 minutes Result Units: pCill
Date Analyzed: 12-May-17 Report Basis: Filtered File Name: aba0512
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested DL Lab
MDC Qualifier
12587-46-1 GROSS ALPHA 2.71E+02 +/- 4.4E+01 3E+00 3E+00 NA M3
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: GA1705202-2

Date Printed: Friday, May 26, 2017 ALS -- Fort Collins Page 1of 1

LIMS Version: 6.842
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Gross Beta by GFPC

Lab Name: ALS -- Fort Collins

Work Order Number: 1705202

Client Name: COGCC
ClientProject ID: PW NORM 2017 10048

PAI 724 Rev 12
Sample Results

Field ID: 439136
Lab ID: 1705202-1

Sample Matrix: WATER

Prep SOP: PAI 702 Rev 20
Date Collected: 09-May-17
Date Prepared: 11-May-17
Date Analyzed: 12-May-17

Prep Batch
QCBatchID
Run ID
Count Time
Report Basis

: AB170511-1

: AB170511-1-1
: AB170511-1A
: 1000 minutes

: Unfiltered

Final Aliquot: 10.0 ml
Prep Basis: Unfiltered
Moisture(%): NA
Result Units: pCi/l
File Name: abc0512b

CASNO

Target Nuclide

Result +/- 2 s TPU

MDC

Requested
MDC

DL

Lab
Qualifier

12587-47-2

GROSS BETA

9.6E+01 +/- 2.3E+01

2.5E+01

4E+00

NA

M3

Comments:

Qualifiers/Flags:

U

Y1-
Y2 -
LT-
M3 -

- Result is less than the sample specific MDC.

Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Chemical Yield outside default limits.
Result is less than Requested MDC, greater than sample specific MDC.

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: AB1705202-1

Date Printed: Thursday, May 25, 2017

ALS -- Fort Collins

LIMS Version: 6.842
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Section 5

RAW DATA
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Low Background Gas Flow Proportional Counter Log |

~ALS

SOP 724¢ **} O~

Instrurment: LB4100¢A due  s//2/17

Instrument Daily Response and Background Checks

L ' Daily Response Check' y . Background Check .} * |° Det,-
#Det. Start 1 - . Status - Start2  Status Start 1 Status Start 2 Status | Status |
T et 1 F Tows [ P P
23 “r .
3 . ' ¢ _
4 T i »
5 \ RS
7 . SN % i e
8 0 \ L
9 (- 1 N
11 J,, | P
12 | < v | ov
13 0L o\“- i
14 |\ HEE
16 ~ . N ‘ <
Det = Detector; o = Alpha; [ = Beta; P =Pass; H=High; L= L}oﬁ.'; OL = Offline; R = Recount; W= Weekly; NP = Not Processed
Weekly Background Calibration - W
. Current Calib. File ID "Weekly Calib. Started Status File ID
pra | f¥Xgsoguw o - ' '
DrB I
Dr C J
DrD (s394
Dr= Drawer
Gas Supply ‘ Mﬁf’
P-10 Supply P-10 Flow ”
Tank 1 110 . Dr A L9
; 1 DrB
“Tank 2 Lo00 Drc
\ DrD
Commerits:

Lt
i '

PageNo: 472219 A

Form 780r8.doc (6/23/06)

Reviewed By / Date__ 4% 5/1% of 329

I'E R R R R EEEREYEY




pate S/12/1¥ | SOP 724r /2

ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100A
: . CountDur. | Start | Analyst Output
1 Det. Sample ID Batch Test {min) Time | Iniigls | File ID Initials
F12_| Denls, ELE — — ~o 1705 | € | efeosip o
g | Aal ph = |- e 322 | 4 EfapazA- ||
-2~ ] Dan” Gleogh — — o | A4y 1 Do | Bleposd, |V
-6 | {7 lbﬂDlp_f‘M 10420 [Torl 30 Yl TKOSIZ X
18, Q‘ ] J i Messatin] A !
_ ltogs 2ot~ | Gatrosit | 2. [vo0? (135t | % | INefosiz. | o
:} 1o 5 20%—| i | , \ \
2 e Al Y oSi-imn gl 4 B!
9 . W : 20 1344 Py, (K052 A
\ Ry , g 4 S -4
I 13600 =y | GAIRH%03 | oL (O _ {i-ub P DIV
1 i
S 3
E Y o 4 \ 4
19 S Ya&doSi12C
L ~ %4 : < ~ o 4
—_— | j————y
e
//
i /
—
—
A/
i 4~
: A%
| vl
N — 2
' N avd
.
Z
/ i
_— d
s J | / . A 4
p ) 4 -/
Qo / 4
ol —< —
o 4
m |
E ' - ——
‘5 Comments: .
" Page No.; 472219 B Form 780r8.doc {6/23/06) Reviewed By /Date AL é/ !?ﬂq/

(Cﬂﬂt from page b & B) . ) ' . 27 Of 329




ol

e e/u 1v6'0 88010 00000 S6v'L pSPL /U e/u 2590 | ozgz0 | oooo | ze00 v200 sz |ooo00L | e€9z10zEL/S | awi-Lisoziav [a4
e e/u 928'0 z0LY°0 £V20'0 185'} 20T €U e 9EZ0 | 60ET0 | 0000 | 9600 991’0 ¥'ZrL | 00°000L | 6€:9 LLOZEWS aL-€0ZS0LL gV
e e/u £28°0 £8LY'0 L2L0'0 EEV'L 566°L e/u e 0£Z0 | 08220 | 0000 | €LL'O z91'0 9'ShL | 00'000L | 6£:9 LLOZEWS L-€0ZS0LL [4
e e/u 2080 6LLy'0 80010 vl vsZTT efu e/u 8610 | SYEZT'0 | 00000 | 060'0 69¢°0 9'Z91 | 00000k | 6£:9 LLOZELS 1-202504L v
1984100 Ha 19e4100 Ha WdO Wdo WdD [Wed40d y3  Wedu0d 3 Wdd Wdo Wdo (Buw) | (uw) awi) g ateq al al
Auabold Ausboid oseg oseg ANX g<e ‘Byg ssoin |Auaboud Auaboid oseg oseg anx e<q ‘bfxg SS0ID ssey { 'ing pug sjdwes 19Q
Ayanoy ejeg Ayanoy eydiy "PIS8H | JunodH wnoH
$000'0 =W yex v<-q 18660 =W NI g<- @
103401 FOfeIX B<- g Z59Z°0 =q H|0IX q<- ¥ e/u :uofjenus)e ‘Goid e)ogyg090°‘8090SIV (UoleIqHED UsiEnuaye Bleg dOr 80/L0/Z1°A3Y
w +ssew,q=£ ssou-, uw, q= £ eyu :ayboy ‘Boud ejeg S1/90-2£1-s0 9jbo| Aouaioye vjag paepue)s ‘uoisiap uonesddy
Hieyx eydiy o) seg N|@1-xX w198 o} wydjy e/u :uohienuane ‘Boud eydiyn 190 ‘6090H LY :uoiieiqies uohenuape eydy 6€:9 ZL0Z/EL/S PapuU3 yoyeg z 1uoISIARY uohediddy
00000 =0X 0000°0 =0x eu teiybot Boud eydyy S1/90-062U :iboy Aouatolyse eydly 0001 (w)3es2ud N0y snoaueynuils :opojy abeyoA YBIH

85,60 =e zzae’o had L102/01/s 8D B34 Jo ayeq l-L1goLiay ejusbey a1 nun Supunod
eses0 =W 020660 =w MavoXg :ajbol puncubyoeg 215000y :sweu ajl ejeq O- 00L¥a :2dAL yun

9L6'0 =q vieg 08vLe'0 =q sydiy

{ox-ssvw) w)yw,q = & ((ox-ssow),B)yt,q = &

2-001¥g1 SisAjeuy ajdweg jeuoniodoid Mmojd SeD - |Vd

28 of 329




| jo ) oBed

W+ Ss0W,q = A
Hjei-X vydjy o1 meg

sSSPW- W, g =4
91X Wog o} vyd)y

00000 =0X 00000 =0X
85260 = 22880 =
#8660 =W 02066'0 =w
¥946°0 =q vieg 08¥18°0 =q vydiy

{(ox-ssew),u),w,q = &

((ox-sspw),B),w.q = &

0 weg

0 wydy

e/ :opboy Boud meg S1/90-LEL-8D 6ot Aauatoyye eleg
/U ‘uonenuane ‘Goud eydjyoL90 ‘6090H.LY ‘uoheidiies uojjenuaye eydly
ey :apyboy *boud eydyy S1/90-0£2UL :3iboy Aouatolye eyd)y
L102/01/S ‘1ED ‘B 10 31eQ
Mmavoxg :embot punoibijoeg

gu | eu w60 | evoyo | ovieE 685t | oovee ev | eu | yeoo ] vszzo | sioo | seoo | 19071 6'8Z | oooe | szl Li0z@ws | sO1L-LLsoLLEY [X:]
‘1084400 Ha 1984100 B WdD WdD WdO [|19edi0d )3 Wejuo9 H3 WdO WdO WdD (B | (uw) awilL ® Aeq al ai
Ausbold Ausboid aseg oseg ANX g<e ‘b6xg ssolr) |Auaboid Auaboid oseg aseg jpax e<q 'Bug SS0.5) ssew | ang pugz ajdwes ‘1oa

Atanoy eeg Aanoy eydly ‘PISaY | wnod wnoop
Y0000  Swmxveq 18660 =W e qe- v
20-320°b~  =gIRIX B<-q 25920 = §jeiX g<-© e/u :uoyenuane ‘Bosd 219gYR090'8090SOY [UoiRIqlEDs Uojenuaye Bag dOr 80/L0/21°A9H

piepuels :uoisiop uohesddy
:uoisjA9y uoyesyddy
snoaueynuis :apojy abeyop ybiy
euabey a1 yun Hugunon
0~ 001L¥g7 tadAL wun

L2:¥L L102/2L/S (p3pul Yoleg T
o€ :(w)19said uno)
L-LisoL1aY :al ydted
0Z15008Y :aweu oy Tleq

0-001¥d1 SisAjeuy ajdwes [euoiiodoid Mol SeD - |yd

29 of 329



sop 7245.[ _

Low Background Gas Flow Proportional Counter Log.
o Instrument: LB4100C

Instrument Daily Response and Background Checks. -

" Daily Response Check - e ) Background Check

Det . k;Stvartl Status. - . Start2 .~ Status Start'l. - Status Start? . Staths | yk‘Sta’tus’f‘i

LA

.
— o o oo | oy |[un [Buadna =

—
[\

,_...,_...

Nl

N R
B

p—
L
ot

16 T T D J/

<

Det =Detector; o= Alpha; B =Beta; P=Pass;.H=High; L= L’d’\?v; OL = Offline; R = Recount; W = Weekly; NP = Not Processed’

Weekly Background Cézlibration .

Current Calib. File ID Weekly Calib. Started Status L . File:ID -

DrA | {HCO569 o)

i
s

DrB

DrC ; : t

DrD < k ’ : . e .

Dr = Drawer

Gas Supply C Py

P-10 Supply , P-10 Flow °

o S T o

Tank 2 wo DrC
. P DrD
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Section 6

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

Analyst: /A

Analysis Date: S/ /¢ |7

Method: ¥ ¢

Sample Condition (Visual Appearancev of Analysis Aliquof at Time of Prep)

Work Sample
Order 1D pH Color Remarks
[205 202 \ c2.o CO[orlc.rS l; lec L ‘arccf*‘o
b7 057203 { d/ L &(l\/
—-——!———'—_——— .

N\

1\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Analyst: [p\

Sample Condition Form (Liquid)

Analysis Date: S~/ f; //7

Method: Ff‘ﬁ o

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

Work Sample : _
Order 1D pH Color Remarks
,705—2 oz ’ &2 0 Co ‘&r{ca:c ‘C"Q“/L‘ dar\:c_u‘p - jF ‘yereJ
/
1zoszos | 1| L | 1| ey Filtene
g 7

\t\\y

[\Oprtns\RAD\FORMS\sample condition form (Liquid)
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-;cyrql k S+A}
{11) ( LnG
&

Dens1t§df:70;'SMH7‘} lot# 0‘90011?'5\?' S
Aass.of 100mL vol. flask: 6%3.2961 4 Balance# [’Z,
fass. of ﬂask& IOOmL ac1d e 3[,2__3 Balance# X z

Y wt-wm“;._,_ N eaes
‘ 0“"‘ fd/mL-

of.or ) ] fl QSL! sq Balance# YZ/ _ - o \\/‘/\\ \\° .
Mass of nalgene & standard: - 77 ) g—’ : Balance# Z o W .
Net mass of_ standard transferred : . : : L

Dilt te to.:ﬁnal volume S i
ass of nalgene;: standard & dlluent 469 ?‘ Z— 0(]’ Balance# ‘Zé

*. 'Mass of empty nalgene (from above) 74.6S4%,, Balance# | 2.
Net mass of new dllutlon Lo 'WW 3 Zfz-- 5;{ < 2_‘—3

4 Fmal act1v1ty calculatlon

Al &

Stnd ID; 760 4243 03

Descr/ptlon:' Th-230 N E T AL SO TR
Expiration: - 5/5/2017 S g Rgvenfcatjon Log g )
“Activity: - 99.0%  dpm/ml " |Analysis Date . Inltlals : Ex:irétibn’D'iti o
O TR IR R aE T T TR onl-z;m:. Sy 232008 |
2s Uncertainty:- . 327 dpm/ml. . [ = R R
" Ref. Date:. "7/13/2004 : F SR '
RefTime: . " NIA.-. . o .
Prep Date: 4I7/2016 Prepby: TE | -~ | | . EETE T
Matrix/Comp.” 0.5 MHNO3 R S e o e
Half Lifo (y): - 7.54E+04 SR iF P e S

_Continued on Page- * | |

T
- Signed:

46 of 329



)\ 13 O Noteb00k No o

" -\»-,;R'(SJECTM '7(,0 ZOQ_O 0.3
| PROJ

Contlnued From Page

| (
v

[
{4

’_.>C

s il T
)

"vf_/
f'"»sz:’e..-?_é

v

“@

& 030

(08

. Cotinuedohpags |




ﬂso.éhrﬂo Pacl v/u/wmgj ‘

ANALYTICS , Nt Soorgn 30 AL .
' : ' W Phod WON 328677 |
o . . Fax  4id) 3%-2897 :_;
CERTIFICATE OF CALIBRATION :
Standard Radionuclide Source | _ |

68750307
Th=-230 5 mb Liquid in Flame Ssaled Vial

Thig s;:anﬂard radionmuclide source was prepared gravimetrically
from a calibrated maaster soluticn. Tha master goluticn was
calibrated by liquid scintillation counting. .

Radionuclide purii:y and calibration were checkad by germaniumh
ganma-ray spectrometry and ligquid scintilliation counting: Tha
nucleax decay rate and assgy date for this source are given -

«

ANALYTICS maintainm traceabi]:ity tc tha National .Inatituta of
.Btandards and Technolcgy through Msagturementa Assurance Programs
ap described in USNRC Bag. Gulde 4.15, Revisiom 1.

ISOTOPR: * Th-230

. ACTIVITY (dpa): . 1.833 B4~
O ' HALP-LIFR: ' 7.538 B yearq )
* CALIBRATION DATR: July 13, 2004 12:00 RST
; - RELATIVE EIPANDED . .
T " TRICERTAINTY (k=2): -  3.3% : .

¥

Impuritiaet” T-impurities «<0.1%, u-lwu:ities <0.01%

. . 5.08447 grtams 0.5M HNOs Bolutiom. . , ‘ :
P O NUMBRR 70635, Item 1,

SOURCE PREPARED BY: - A A
N . ) - D e, Radicchemiat
' Q A APPROVED: ’ //éag{(og/ N/ AL

\...1}

4d ¢ ot 25 e g s A 5 f M L S AR K Mk 4 W Me 4 e SOME hat & bAh e

% mmow w

F Y O . o e Y TSNS WS 4 B T S e i W ¥ o Mooy A < e S, B 4 W A0S
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Project C.g ‘q}q’ um(\\m S\T}J\XQ{(X l(‘s\qx 409 ST}

Continued from Page

— 1 ! ] T 1 N T T T T T T T T T 4& \\“o\‘s‘ T T

Prepare a working dilution of _JO12 409 <, ?Q

1. Density of ‘7’ ?(0 H c\

Jot# OH 066G N’%‘lL

Mass of 100mL vol. ﬂask

Mass of flask & 100mL acid:

Net Mass:
Density:

2. Mass of 1013, 4S8 H, transferred:

i Mass of nalgene & standard
Net mass of standard transferred:

/ - I
{\b\\j Mass of empty nalgene:

3. Dilute to final volume:

- . Mass of nalgene, standard, & diluent:

Mass of empty nalgene:

Net mass of new dilution:

4. Final activity calculation:

é

AYAS ',)c Balance # } O

)(,‘] ()lfS'qa Balance# |\

4

1.OOYSa /R
J

4. l<3k Balance# 13

2< 95334 Balance# |0

L.

’K()()Oo\

1069, TM_ Balance# Qb

Balance# | a

994.5Y
D

T i 1 1

18
1\‘5‘ ”

Matrix/Comp. 4% HCI

P

Half Life (y): 3.01E+01

1

100,943, bl g o, (10095t ) (252255 Syl L
. MM
: C mL 995 59@ I 3] ? g /)
/!g\ \ |
\\S .
749,7‘ —
Vs
Sind ID; 1013.4095.77 .
Description: ~ Cs-137
Expiration: ~ 1/20/12016 Reverification Log
Activity: 131.75 dpm/mL Analysis Date Initials  Expiration Date
. 2] 0 Wz1zalwl]
2s Uncertainty: 0.92 dpm/mL.
Ref, Date:  9/30/2005
Ref Time: NIA
Prep Date: - 1/116/2015 Prep by: TE >

F2)als

|

Continued on Page

7 fpbd alubs

Signed

Date

Read an d

09/0“ /G

/ vSig;md

Daie
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e CSARTD jnemediae Sadead 013,407
,  Continued from Pagc )
T T T T 4?‘\“’1‘6 1 T X I ! i t i i
Prepare-an intermediate dilution of ﬂ SO ¥ 1031 %
1. Density of QZ: BCS , lot # 0(3()(30‘?\/3‘7A
Mass of 100mL vol. ﬂask ¢« Balance # Za
Mass of flask & 100mL acid: .I 2)SY & Balance# |9
Net Mass: .Y ;j
Density: S0Y e Al
2. Massof $n¥ JO| > -transferred:
Mass of open empty bottle: 298.7% 2N -  Balance# Ak i
Mass of bottle and standard: 4ol 9 Balance# (- ‘ ('
/ { Net mass of standard transferred: .24 f IH” ‘
i
ﬁ‘b 3. Dilute to final volume:
Mass of open empty bottle: Balance# aé
Mass of bottle, standard, & diluent: Balance# @)
Net mass of new dilution:
4. Final activity calculation: \ »\
eth
MLy, ol L0 | A% )= 00,940, s
Hhe D
4‘&\5& S|

;

i : ' :

! , ! : { i Continued on Pay:
I H ! i i
L

b lsls Tz e
sl’gnx: Dais Ao L.
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Standard Reference Material 4233E
Cesium-137 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive cesium-137 chloride, non-radioactive
cesium chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a
flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization
chambers and solid-state gamma-ray spectrometry systems.

Radiological Hazard: The SRM ampoule contains cesium-137 with a total activity of approximately
1.5MBq. Cesium-137 decays by beta-particle emission to barium-137m, which decays by internal
conversion. During the decay process X-rays and gamma rays with energies from approximately 3 keV to
662 keV are emitted. Most of these photons escape from the SRM ampoule and can represent a radiation
hazard. Approximate unshielded dose rates at several distances (as of the reference time) are given in note
[a]*. Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM
should be used only by persons qualified to handle radioactive material.

Chemical Hazard: The SRM ampoule contains hydrochloric acid with a concentration of 1 mole per liter
of water. The solution is corrosive and represents a health hazard if it comes in contact with eyes or skin.
[f the ampoule is to be opened to transfer the solution, the recommended procedure is given on page 2. The
ampoule should be opened only by persons qualified to handle both radioactive material and strong acid
solution.

Storage and Handling: The SRM should be stored and used at a temperature between 5 and 65 °C. The
solution in an unopened ampoule should remain stable and homogeneous until at least September 2015. The
ampoule (or any subsequent container) should always be clearly marked as containing radioactive material.
If the ampoule is transported, it should be packed, marked, labeled, and shipped in accordance with the
applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous good
(hazardous material) because of both the radioactivity and the strong acid.

Preparation: This Standard Reference Material was prepared in the Physics Laboratory, lonizing Radiation
Division, Radioactivity Group, M.P. Unterweger, Acting Group Leader. The overall technical direction and
physical measurements leading to certification were provided by L.L. Lucas, R. Collé and L. Laureano-Pérez
of the Radioactivity Group. The support aspects involved in the preparation, certification, and issuance of
this SRM were coordinated through the Standard Reference Materials Program.

Lisa R. Karam, Deputy Chief
[onizing Radiation Division

Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
QOctober 2005 Measurement Services Division
SRM 4233E, page 1 of 6 *Notes and references are on pages 5 and 6.
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Recommended Procedure for Opening the SRM Ampoule

If the SRM solution is to be diluted, it is recommended that the diluting solution have a composition
comparable to that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in
it. Work in a fume hood. In addition to the radioactive material, the solution contains strong acid

and is corrosive.

Shake the ampoule to wet all of the inside surface of the ampoule. Return the ampoule to the upright
position,

Check that all of the liquid has drained out of the neck of the ampoule. If necessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a scribe or diamond pencil.

Lightly wet the scored line. This reduces the crack propagation velocity and makes for a cleaner
break.

Hold the ampoule upright with a paper towel, a wiper, or a support jig. Position the scored line away
from you. Using a paper towel or wiper to avoid contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards

you.

Transfer the solution from the ampoule using a pycnometer or a pipet with dispenser handle.
NEVER PIPETTE BY MOUTH.

Seal any unused SRM solution in a flame-sealed glass ampoule, if possible, to minimize the
evaporation loss.

See also reference [4]*.

SRM 4233E, page 2 of 6 *Notes and references are on pages 5 and 6.
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PROPERTIES OF SRM 4233E

Certified values

Radionuclide Cesium-137
Reference time 1200 EST, 30 September 2005
Massic activity of the solution [c]* 298.6 kBg-g'

Relative expanded uncertainty (,~=2) | 0.70% [d] [e]

Solution mass

(5.0668 + 0.0009) g [b]

Solution density

(1.015 + 0.002) g-mL' at 20 °C [b]

Uncertified values

Physical Properties:

Source description

Liquid in flame-sealed NIST borosilicate-glass ampoule

Ampoule specifications

Body outside diameter (16.5+0.5) mm
Wall thickness (0.60 £ 0.04) mm
Barium content Less than 2.5%
Lead-oxide content Less than 0.02%

Other heavy elements Trace quantities
Chemical Properties:
Solution composition Chemical Concentration Mass Fraction
Formula (mol-L™") (ggh)
H,0 54 0.96
HC1 1.0 0.04
CsCl 1.6 x 10 2.7 x10°
"VCsCl 6.9 x 107 1.2 x 107

Radiological Properties:

None detected [f]

Photon-emitting impurities

Half lives used

Cesium-137: (10983 £ 11)d [g] [5]
Radium-226: (1600 + 7) a [g] [5]

instrument(s)

Calibration method and measuring

Pressurized "4xn"y ionization chamber A calibrated using an
cesium-137 solution whose activity was determined by the

4n(e+X)-y-coincidence efficiency-extrapolation technique.

SRM 4233E, page 3 of 6

*Notes and references are on pages 5 and 6.
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d]}*

Input Quantity x,, Method Used To Evaluate u(x,), Relative Relative Relative
the source of uncertainty the standard uncertainty of x, Uncertainty | Sensitivity | Uncertainty
(A) denotes evaluation by Of Input Factor, Of Output
(and individual statistical methods Quantity, |9yidx, | Quantity,
uncertainty components (B) denotes evaluation by u(x)x,, (xly) u(y)ly,
where appropriate) other methods (%) [h] [i] %) []
Standard deviation of the mean 0.02 1.0 0.02
(within-measurement precision )
for 20 to 100 repeated
PIC A net response per measurements (A)
gram of SRM 4233E,
measured relative to Standard deviation (between- 0.13 1.0 0.13
RRS20 [k] N
measurement precision) for 4
sets of measurement (A)
PIC A net response Standard deviation of the mean 0.01 1.0 0.01
per Bq of cesium-137in | (for both between- and within-
solution, measured measurement precision) for
relative to RRS20. >100 repeated measurements
(A)
Activity used to Standard uncertainty of the 0.31 1.0 0.31
calibrate PIC A net activity determined by the
response per Bq of 4n(e+X)-y-coincidence
cesium-137 in efficiency-extrapolation
solution technique. (B)
Half life of cesium-137 Standard uncertainty 0.10 [m] 0.000! [n] 0.00001
Half life of radium-226 of the half life (A) 0.44 [m] 0.010 [n] 0.004
Gravimetric Estimated (B) 0.03 1.0 0.03
measurements
PIC A charge collection | Estimated (B) 0.05 1.0 0.05
Charge collection Estimated (B) 0.05 1.0 0.05
measurement time {p]
Long-term RRS Estimated (B) 0.05 1.0 0.05
positioning
Photon-emitting Limit of detection (B) [q] 100. 0.0001 0.01
impurities
Relative Combined Standard Uncertainty of the Output Quantity, u (»)y, (%) 0.35
Coverage Factor, x2
Relative Expanded Uncertainty of the Output Quantity, Uly, (%) 0.70

SRM 4233E, page 4 of 6

*Notes and references are on pages 5 and 6.
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NOTES

[a] The Sievert is the SI unit for dose equivalent. See reference [1]. One pSv is equal to 0.1 mrem.
Distance from Ampoule (cm): 1 30 100
Approximate Dose Rate (uSv/h): 300 4 0.3

[b] The stated uncertainty is two times the standard uncertainty.

[c] Massic activity is the preferred name for the quantity activity divided by the total mass of the
sample. See reference [1].

[d] The reported value, y, of massic activity (activity per unit mass) at the reference time was not
measured directly but was derived from measurements and calculations of other quantities. Thiscan
be expressed as y = f(x,,x,, x;, . . X,), where f'is a mathematical function derived from the assumed
model of the measurement process. The value, x;, used for each input quantity i has a standard
uncertainty, u(x,), that generates a corresponding uncertainty in y, u(y) = |9y/dx;|-u(x)), called a
component of combined standard uncertainty of y. The combined standard uncertainty of y,
u,(»), is the positive square root of the sum of the squares of the components of combined standard
uncertainty. The combined standard uncertainty is multiplied by a coverage factor of k= 2 to obtain
U, the expanded uncertainty of y.

Since it can be assumed that the possible estimated values of the massic activity are approximately
normally distributed with approximate standard deviation u_(y), the unknown value of the massic
activity isbelievedto lie in the interval y = U with a level of confidence of approximately 95 percent.

For further information on the expression of uncertainties, see references [2] and [3].

fe] The value of each component of combined standard uncertainty, and hence the value of the expanded
uncertainty itself, is a best estimate based upon all available information, but is only approximately
known. That is to say, the "uncertainty of the uncertainty" is large and not well known. This is true
for uncertainties evaluated by statistical methods (e.g., the relative standard deviation of the standard
deviation of the mean for the massic response is approximately 50%) and for uncertainties evaluated
by other methods (which could easily be over estimated or under estimated by substantial amounts).
The unknown value of the expanded uncertainty is believed to lie in the interval U2 to 2U (i.e.,
within a factor of 2 of the estimated value).

[f] Estimated limits of detection for photon-emitting impurities, as of 3 October 2005 (3 days after the
reference time), expressed as massic photon emission rates, are:
<407v.s"'-g"! for energies between 40 keV and 1350 keV, and
<4 y.s7'.g’! for energies between 1350 keV and 3600 keV,

[g] The stated uncertainty is the standard uncertainty.

[h] Relative standard uncertainty of the input quantity x,.

[i] The relative change in the output quantity y divided by the relative change in the input quantity x;.

If |9yiox;|+(x/y) = 1.0, then a 1% change in x, results in a 1% change in y. If |dyidx,|-(x/y) = 0.05,
then a 1% change in x, results in a 0.05% change in y.

SRM 4233E, page S of 6 *Notes and references are on pages 5 and 6.
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1)

(k]

(m]

(n]
(p]

(a]

(1]

(2]

(3]

(4]

(5]

Relative component of combined standard uncertainty of output quantity y, rounded to two
significant figures or less. The relative component of combined standard uncertainty of y is given
by u,(v)iy = |0yiox,|-u(x,)ly = | plox,|+(xy) » u(x,)x,. The numerical values of u(x)ix;, |yiox,|+(xjy),
and u,(y)ly, all dimensionless quantities, are listed in columns 3, 4, and 5, respectively. Thus, the
value in column 5 is equal to the value in column 4 multiplied by the value in column 3. The input
quantities are independent, or very nearly so. Hence the covariances are zero or negligible.

The response of pressurized ionization chamber A (PIC A) is determined from measurement of the
time required to collect a given amount of charge on a stable fixed capacitor. All of the response
measurements in the NIST pressurized ionization chambers are made relative to the response of one
or more artifact standards. These artifact standards consist of microgram quantities of aged radium-
226 in small welded stainless-steel capsules. These capsules are encapsulated in plastic rods whose
dimensions are similar to those of the standard NIST ampoule. The artifact standards are called
Radium Reference Sources and are designated as RRSx, where x is the nominal mass (in
micrograms) of radium-226 in the capsule.

The relative standard uncertainty of A-¢ is determined by the relative standard uncertainty of 1 (i.e.,
of the half life). The relative standard uncertainty of ¢ is negligible.

fay/axi"(xi/y) = H"”

The charge collection measurement time is determined by counting the pulses from a gated crystal-
controlled oscillator.

The standard uncertainty for each undetected impurity that might reasonably be expected to be
present is estimated to be equal to the estimated limit of detection for that impurity, i.e. u(x)ix, =
100%. |dyidx,|+(x,ly) = {(response per Bq of impurity)/(response per Bq of cesium-137)}-{(Bq of
impurity)/(Bq of cesium-137)}. Thus u,(y)ly is the relative change in y if the impurity were present
with a massic activity equal to the estimated limit of detection.
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Gas Proportional Counter

Instrument Calibration

Initial Efficiency Calibration
Standards Traceability
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Instrument: LB4100-A

Calibration: Gross Alpha (Th-230) -- ringed planchet
Gross Beta (Cs-137) -- ringed planchet
Drinking Water EPA Method 900.0 Compliant

Date of Calibration: Gross Alpha 12/07/16
" Gross Beta  12/07/16

Efficiency Log Files: Th230-12/16
Cs-137-12/16

Efficiency Instrument Files: ETH1207A-C
ECS1207A-C

Source ID’s: (Th-230 853.3020.89)
(Cs-137 1019.4095.83)

Ol TP 2Dl
&p:fw H)(QB/QOW
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Instrument
Plateaus
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Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Respouse and Background Checks
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Daily Response Check
Status Start 2 Status Start 1

Background Check
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Status -
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i {
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Des= Detestor; o= Alphs; = Beta; P Poss; B High; L Low; OL = Offling R=Recount; W = Weekiy; NP Not Processed -

Weekly Background Calibration

Current Calib. File ID Weekly Calib. Started Status File ID
Dr A B MJ ‘
DrB
DrC
DrD w
Dr= Drawer
Gas Supply .
P-10 Supply P-10 Flow
Tank 1 *?S'O DrA @ A
..L DrB
{280 DrC
Tank 2 1
2 xL DrD
Comments:
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Weekly Backgmrm& Calibration
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1380 Seaboard industrial Blvd,

ECk?l’t & Ziegler Tel 404-352-8677

Atlants, Georgia 36318
Fax 404:352-2837
Analytics : wwivanalytiesinc.com
CERTIFICATE OF CALIBRATION )5/

standard Racdlonuclide Source

76253-807 ) Q.(F’ %‘5’5

"T1-230 & mb Liguid inFlame Sealed Vial L""‘:\'p‘f

Custamer: Pazagon Amlym:s / Fort Colling, CO
P.0. Wo.:  72005REL 10-80-07, Hlerg 1

This standard radionmctde source wis prepared gravimsidealy from a caliborated master solution.
Tha master solution was culibrsied by lqed scimillation connting.

Radiomelide puxity and calibradion were chedked by germaniam gumme-xay spectrometry and R
Hyald seintillation cownting, The autlear decay rate and assay date fop this svarve are given below.

ANEETTICH maintaing traceshiity to the Natioonl Instituto of Standsrds and Technology thxough
Measorements Sasurance Programs as described in USNRC Req, Guide 4.18, Revision 1.

Isolope: Th-280
Activity 8a) 1.983 B4
. Half-bife: ) 1.88824 Feuzs
Coalibvation Datar ~ ' November 8, 2007 '12:00 EST
Relative Expandad .
Uneertainty (c=8): 2.0% : : R
Comanenbs: * .
Enpurities: y-fapurities <q. 1%, o-impurities <0,01%, - ’ .
§,18119 grams 0.EM HNOS sclution, *
fource Frepared By &) Ciloomaume
M. E. Klesmsan, Racdioohmmist .

QA Bpprerved: 1IN, m@ . " patey I

D). M. Montgomely, Q& Managex

End of Cartificsle

{shoratory

Corparate Officn
1380 Sawbeard indusriat Givil. Atlanys, Georgla, 30318

24937 Avenue Tihbity  Valenda, Caillomis $1355
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Date 3\|Z)I§ sop 724r_|1

ALS
Low Background Gas Flow Proportional Counter Log

- , Instrument: LB4100C

Instrument Daily Response and Baclkground Checks
Daily Response Check Background Check Det.
Det. Start 1 _Status . Start2 Status - ] Start 1 Status- Start 2 Status Status
1 | %
5 t
3
4
5
6 -
7
8
9
10
11
12
13
14
15 :
16 L l \

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

Weekly Background Calibration

Current Calib. File ID Weekly Calib. Started Status File ID
DrA BVLCCS' | w
DrB -
DrC
DD
Dr= Drawer
Gas Sﬁpply
P-10 Supply P-10 Flow
Tank 1 2100 DrA o)
DrB
O
Tank 2 l 650 Dr €
DrD

Commenw:'d?} 1 ot NceSSaﬂij) run ﬂﬁué éacl{gme CWJ(J -
on 711 mUWHI“? ‘A}l/owlrﬂ) a erek; b‘*‘l(bfwm( 0‘/"5/3*7}4'4' \ |
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Date 3112,13’ sop724r ||
ALS
Low Background Gas Flow Proportional Counter Log
Instrument: L.B4100C
Count Dur. | Start | Analyst Output
le ID Batch Test (min) Time | Initials File ID Initials
P S —130 Thcr EFcoslz _ |\D
\ !—’ﬁ;l‘)ﬂg-) ABls0310-2 1B Qilir] 7.3 T AACO3I1Z ]
e [ EaSEEEs
_ -2 R
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\ - T Jr? D
-\ 100! (31| 30 9201 ECSO31Z4
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e
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Date b\\fb\lg ~ soP 724r_lL

ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Backg;'ound Checks

Daily Response Check - Background Check - - Det. .
Det. | Start1 = Status  Start2  Status | Start]  Status  Start2  Status | Status

1 N1 2 N\ P b

5 . -

3

4

5
B 6 Y

7

8

9

10

11

12

‘13

14

15 '

16 N | N ~ A HE |
Det = Detector; a= _Alpha; B =Beta; P=Pass; H=High; L= Low, OL = Offline; R = Recount; W = Weekly; NP = Not Prqcessed
Weekly Background Calibration

Cusrent Calib. File ID Weekly Calib. Started Status File ID

N LTI '
DrB S
DrC ' ’ -
DrD. N )

Dr = Drawer

Gas Supply

P-10 Supply ' P-10 Flow
Dr A 0 ‘ ‘
T
ank 1 —‘\% DrB
Tank 2 l 19 DrC
DrD
Comments:
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I Description: Th-230 :
— Expiration: ~ 2/5/2009 {Reverification Log :
> Activity:  1166.38 dpm/mL Analysis Dats __ Inltials__ Expiration Date | !
ﬂ\ﬁt‘ﬁ /5769 B | S/5[wie] o o
AN 25 Uncertainty:  23.33  dpm/mL 7] 1771920/ —
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1380 Seaboard industrial Blvd.

g . '
@ Eckert & Ziegler v
. Fax 404+352:2837
Anaiytics . www.analyticsine.com
CERTIFICATE OF CALIBRATION ,&

Standard Radionuclide Source .

)
76283-307 i an ‘bgb (b’l

. . - (V]
Th-230 5 mL Ligquid in-Flame Sealed Vial "\\\'1}-‘

Customer: Paragon Analytics / Fort Collins, CO
P.O. No.: 72805-REL 10-30-07, Ifem 1

-

This standard radionuclide sowrce wds prepared gravimetrically from a calibrated master solution.
The mastex solution was calibrated by liguid scintillation comnting.

Radionuclide purity and calibration were checked by germenimm gamma-ray spectrometry and
Hauid scintillaton counting, The nuclear decay rate and assay date for this source are given below.

ANALYTICS maintains traceability to the National Institute of Standards snd Technology through
Measurements Assurance Programs as described in USNRC Reg. Guide 4,15, Revision i.

Isotope: Th-230
Activity Ba): 1.983 B4
. Half-Life: ’ 7,838 E4 years
- ‘Calibxation Dates ™  November 8, 2007 12:00 EST
Relative Expanded
Uncertainty (k=2): 2.0%

Commments: .
Impurities: y-impurities <0.1%, o-impurities <0.01%, - ’ .
B.18119 grams 0.5M HNOS3 sohution. :

Sonrce Prepared By: v(_\ e MW\:W
. N, E. Gesman, Radiochemist .

r

QA Epproved: lh”') . /’% : ' Date; N~ I~ T~

D. M. Montgome!, Q& Manager

End of Ceriificate

Lakoratory

Corpérate Office
1380 Seaboeard Industrial Bivd, Atlanta, Georgla, 30318

24937 Avenue Tibbitts  Valencia, California 91355
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Cantinued from Page

T T T T T T T T A N T T T T T T 17
e Prepare a working dilution of 250 % D1 49 %\S
B L Density of 0141 HCl 1ot _popynayza b
Mass of 100mL vol. flask: S6.4YA1 ¢ Balance# ) 2
- Mass of flask & 100mL acid: 4. ~ Balance# oA
- Net Mass: 99 -?*:}Si o
» Density: L
2. Mass of _[{30™ 10\ transferred:
( L) Mass of empty nalgene: 34189 Balance# | .
A %\, Mass of nalgene & standard ) Balance#] 3. {}
i Net mass of standard transferred: L 29 &\ %
- 3. Dilute to tinal volume: v
- Mass of nalgene, standard, & diluent: £ 39 ,’.))0\ Balance#
Mass of empty nalgene: 34.199%7 Balance# | 3,
— Net mass of new dilution: e AT OJ_'}(:.‘
4. Final activity calculation:
- 97 Fa/m ). I
C w0, (6003 6099 X 4.3 (07T efml) 102 |0l

I Bz) (é/w )(5’55 014y
L

E \14'}-\4
) P
1 2T
Sind ID: 1019.4095.83 St
Description:  C©s-137 | e
- niration;  316i20186 Reverfication Log '
’ ExActr'vity; 393710  dpmimbL Analysis Date  Iniflals  Expiration Data
2s Uncertainty:©  70.87  dpmimL
Ref. Date: 21912015
, T RefTime: NIA
T Prep Date:  3I5/12015 Prepby: TE

ik Matrix/Comp. 0.1 BMHCI
Haif Life {y}:  3.01E+01

e
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RS 0#. 1380 Seaboard industrial Blvd.
H Atlanta, G ia 30318
Eckert & Ziegler 1017 el 4043570677

Fax 404-352-2837
Analytics WwW,ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

V§ POM 100 R IO

99878
Cs-137 8 mk Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group
P.Q. No.:  FCOROE10, Item 3 Product Code: 8137

This standard radionuclide source was prepared gravimetrically from a master solution calibrated with an
ionization chamber, The ionization chamber was calibrated by the National Physical Laboratory, Teddington,
U.K., and is traceable 1o national standards. Radionuclide calibration and purity were checked by germanium
gamma-ray spectrometry, liquid seintillation counting, and/or alpha spectrometry, as applicable. The nuclear
decay rate and reference date for this source are given below. Eckert & Ziegler Analytics (EZA) maintains
traceability to the Mational Institute of Standards and Technology through a Measutemenis Assurance
Program as described in USNRC Regulatory Guide 4,18, Revision 2, July 2007, and compliance with ANSI
N42.22-1885, "Traceability of Radivactive Sources to NIST.”

5
AR

Uncertainty* , 9

Half-Life, Activity Type Reference Date
Isotope Days = (Ber) g g U {12:00 PM EST)
Cs-137 1.088E+04 3.727E+04 0.1 09 18 02/08/2018

*Yneertatnty: U - Rolative expanded uncertainty, & = 2. See NIST Technical Note 1287, *Guidelines for Evaluating and Expressing
the Uncertainty of NIST Measurement Results.”

Corunents:

Impurities: y-impurities<0.1%.
4.88800 g 0.1M HCI solution with approximately 30 ug/g Cs carrier.

Souree Prepared by: V!ﬁf’a //I/2/

K. Esf:éiey”: Radiovhemist

QC Approved: W« Date: el (&

A. Chen, Speciroscopisf

Single isolope Certificate Rev 7, 3 Novamber 2044 Page 1ol t
Corporate Office Laboratory
34437 Avenue Tibbitts  Valencia, (alifornia 91355 1380 Sesboard Industrial Blvd, Atlanta, Georgia, 30318
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THATTN.XLS

Alpha Beta
Mass CPM cPM
Detector ID|Sample ID |Alpha Beta Guard Count Time|Event Voltage TOD #VALUE! | #VALUE! | #VALUE!
A1 12.4 10019 2856 7306 10.36 0 1402.5| 12/8/16 15:41 12.4| 966.9629] 273.5437
Al 13.2 10014 2926 7778 10.93 0 1402.5 12/8/16 9:39 13.2] 916.072{ 265.5716
A1l 25.8 10005 2774 8193 11.23 0 1402.5| 12/8/16 15:22 25.8] 890.7952| 244.8849
A1l 28.1 10008 3073 10279 13.74 0 1402.5] 12/8/16 15:04 28.1| 728.2623] 221.5216
A1l 36.8 10006 3225 11053 14.36 0 1402.5¢ 12/8/16 14:21 36.8] 696.6747| 222.4502
Al 43.9 10010 3131 10036 14.11 0 1402.5] 12/8/16 14:42 43.9| 709.3039| 219.7674
A1 49.5 10012 2954 11713 15.15 0 1402.5| 12/8/16 13:29 49.5| 660.7361] 192.8515
Al 49.9 10009 2846 10445 13.82 0 1402.5| 12/8/16 13:56 49.9| 724.1182| 203.8014
Al 67.8 10005 3010 12382 17.11 0 1402.5| 12/8/16 13:04 67.8| 584.6238| 173.7885
Al 70 10003 3065 11977 16.8 0 1402.5! 12/8/16 12:36 70| 595.2947 180.3085
Al 77.3 10006 3132 13538 18.47 0 1402.5! 12/8/16 11:48 77.3| 541.6214) 167.4403
A1 79.3 10004 3109 13825 18.5 0 1402.5) 12/8/16 12:13 79.3] 540.6348] 165.9221
A1l 83.5 10006 3050 12202 17.18 0 1402.5) 12/8/16 11:18 83.5! 582.2994 175.4
Al 89.8 10004 3143 14423 20.07 0 1402.5] 12/8/16 10:56 89.8] 498.3334| 154.4699
A1l 100 10002 3133 15055 21.9 0 1402.5| 12/8/16 10:09 100| 456.5903| 140.9274
A1l 100.4 10002 3053 16182 22.88 0 1402.5; 12/8/16 10:34 100.4| 437.0283] 131.3033
A2 12.4 10006 3030 7330 10.24 0 1402.5 12/8/16 9:38 12.4| 976.9924! 293.8694
A2 13.2 10004 2891 7100 10.45 0 1402.5 12/8/16 9:68 13.2| 957.1646; 274.6217
A2 25.8 10003 2921 7601 10.78 0 1402.5! 12/8/16 156:41 25.8| 927.7661| 268.9357
A2 28.1 10007 3044 10009 13.54 0 1402.5| 12/8/16 156:25 28.1| 738.9134| 222.7864
A2 36.8 10013 3359 10439 14.66 0 1402.5{ 12/8/16 14:43 36.8] 682.859; 227.0979
A2 43.9 10006 3137 10659 14.36 0 1402.5! 12/8/16 15:05 43.9] 696.6407; 216.425
A2 49.5 10012 3115 11299 15.03 0 1402.5] 12/8/16 13:57 49.5] 665.9784; 205.2232
A2 49.9 10002 2893 10660 13.83 0 1402.5) 12/8/16 14:21 49.9| 723.0544| 207.1539
A2 67.8 10008 3242 13371 17.36 0 1402.5] 12/8/16 13:31 67.8| 576.3417| 184.7222
A2 70 10003 3161 12054 16.66 0 1402.5{ 12/8/16 13:03 70| 600.2642| 187.7069
A2 77.3 10000 3180 13761 18.41 0 1402.5| 12/8/16 12:13 77.3| 543.0271| 170.7032
A2 79.3 10011 3136 12925 18.17 0 1402.5| 12/8/16 12:37 79.3| 550.8071} 170.5632
A2 83.5 10005 3067 12553 17.21 0 1402.5| 12/8/16 11:47 83.5| 581.1921| 176.1813
A2 89.8 10000 3254 14330 20.14 0 1402.5| 12/8/16 11:21 89.8| 496.3683 159.54
A2 100 10006 3423 15624 22.06 0 1402.5] 12/8/16 10:33 100| 453.4251| 153.1387
A2 100.4 10003 3101 15870 22.07 0 1402.5| 12/8/16 10:58 100.4{ 453.0837; 138.4785
A3 12.4 10004 2937 6720 9.88 0 1402.5 12/8/16 9:57 12.4| 1012.427} 294.9772
A3 13.2 10018 2840 7430 10.27 0 1402.5] 12/8/16 10:22 13.2] 975.3385| 274.2436
A3 25.8 10009 2962 7665 10.76 0 1402.5 12/8/16 9:38 25.8| 930.0805| 272.9888
A3 28.1 10002 3064 9508 13.49 0 1402.5] 12/8/16 15:44 28.1) 741.3141| 224.8412
A3 36.8 10005 3175 10441 14.05 0 1402.5! 12/8/16 15:05 36.8] 711.9756; 223.6886
A3 43.9 10004 3027 10120 13.66 0 1402.5| 12/8/16 15:25 43.9| 732.2332| 219.3059
A3 49.5 10005 2978 11339 14.72 0 1402.5| 12/8/16 14:22 49.5| 679.563b| 200.0198
A3 48.9 10000 2918 9510 13.41 0 1402.5| 12/8/16 14:42 49.9| 745.5882| 215.3088
A3 67.8 10002 3207 12589 16.77 0 1402.5| 12/8/16 13:59 67.8] 596.2982| 188.9443
A3 70 10006 3083 12850 16.66 0 1402.5| 12/8/16 13:31 70| 600.4762| 182.764
A3 77.3 10001 3296 13235 18.6 0 1402.5| 12/8/16 12:38 77.3| 537.5642| 174.9143
A3 79.3 10006 3128 13291 18.43 0 1402.5) 12/8/16 13:05 79.3] 542.7952| 167.4333
A3 83.5 10007 3050 12526 16.9 0 1402.5, 12/8/16 12:12 83.5| 592.0062] 178.1834
A3 89.8 10003 3223 14176 19.37 0 1402.5] 12/8/16 11:49 89.8! 516.2931| 164.1013
A3 100 9999 3226 15342 21.31 0 1402.5{ 12/8/16 10:57 100} 469.0923] 149.0943
A3 100.4 10000 3342 16058 22.57 0 1402.5) 12/8/16 11:24 100.4! 442.942 145.7827
A4 12.4 10003 3073 7643 10.58 0 1402.5) 12/8/16 10:22 12.4] 945.3681, 288.3647
A4 13.2 10010 2987 7725 10.51 0 1402.5| 12/8/16 10:47 13.2| 952.3313| 282.1165
A4 25.8 10002 3011 7508 11.08 0 1402.5 12/8/16 9:69 25.8] 902.6126] 269.6619
A4 28.1 10001 3185 9356 13.35 0 1402.5 12/8/16 9:41 28.1| 749.0436| 236.4878
A4 36.8 10004 3272 10342 13.94 0 1402.5; 12/8/16 15:25 36.8] 717.5521| 232.6312
A4 43.9 10001 3171 10137 14.39 0 1402,5{ 12/8/16 15:45 43.91 694.9015| 218.2724
A4 49.5 9999 3035 10607 14.9 0 1402.5| 12/8/16 14:43 49.5; 670.9788| 201.6023
A4 49.9 10007 3021 10395 13.97 0 1402.5| 12/8/16 15:04 49.91 716.2257| 214.1601
A4 67.8 10008 3088 12624 16.51 0 1402.5| 12/8/16 14:24 67.8| 606.0831] 184.9492
A4 70 10007 3115 12540 16.71 0 1402.5| 12/8/16 13:59 70| 598.768| 184.3263
A4 77.3 10000 3301 13587 18.85 9] 1402.5| 12/8/16 13:05 77.3] 530,409 173.0304
A4 79.3 10003 3268 14207 18.56 0 1402.5| 12/8/16 13:32 79.3| 538.8597| 173.9886
A4 83.5 10008 3138 12398 17.38 0 1402.51 12/8/16 12:36 83.5| 575.7393| 178.4634
A4 89.8 10001 3344 15131 20.12 0 1402.5y 12/8/16 12:15 89.8] 496.9726| 164.1138
A4 100 10000 3339 15446 21.7 0 1402.5| 12/8/16 11:23 100{ 460.7345| 151.782
A4 100.4 10001 3167 16129 22,22 0 1402.5| 12/8/16 11:52 100.4] 449.995{ 140.4403
B1 12.4 10003 3257 7078 9.86 0 1500 12/8/16 10:46 12.4} 1014.398] 328.4065
B1 13.2 10009 3082 6835 9.91 0 1500 12/8/16 11:11 13.2| 1009.885] 309.081
B1 25.8 10009 3045 7138 10.3 0 1500 12/8/16 10:22 25.8] 971.6426{ 293.7131
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B1 28.1 10010 3162 8675 12.56 0 1500| 12/8/16 10:00 28.1| 796.8695| 249.8336
B1 36.8 10006 3318 9590 13.59 0 1500] 12/8/16 156:44 36.8| 736.1717] 242.2321
B1 43.9 10008 3177 9354 13.38 0 1500 12/8/16 9:41 43.9} 747.8771} 235.5259
B1 49.5 10002 3046 9681 13.82 0 1500 12/8/16 156:04 49.56, 723.6287| 218.4872
B1 49.9 10003 2846 9222 12.9 0 1500| 12/8/16 15:24 49.9] 775.3214| 218.7022
B1 67.8 10008 3214 11405 16.01 0 1500| 12/8/16 14:44 67.8| 625.0043| 198.8315
B1 70 10008 3117 11226 15.74 0 1500 12/8/16 14:23 70| 635.7273| 196.1125
B1 77.3 10003 3311 12243 17.59 0 1500] 12/8/16 13:31 77.3| 568.56704| 186.3139
B1 79.3 10010 3175 12120 16.9 0 1500] 12/8/16 13:59 79.3| 592.2027| 185.9518
B1 83.5 10001 3205 11680 16.53 0 1500| 12/8/16 13:03 83.5| 604.9162| 191.9719
B1 100 10002 3340 14276 20.36 0 1500] 12/8/16 11:50 100] 491.1524! 162.1292
B1 100.4 10005 3245 14470 20.91 0 1500f 12/8/16 12:16 100.4| 478.3742} 153.2709
B1 8938 10002 3285 13093 18.67 0 1500{ 12/8/16 12:38 8938| 535.6208| 174.0327
B3 12.4 10009 3087 6848 9.93 0 15600 12/8/16 11:11 12.4| 1007.822| 308.6721
B3 13.2 10007 3030 7146 10.16 0 1500 12/8/16 11:40 13.2| 984.8069| 296.0243
B3 25.8 10017 3147 7762 10.8 0 1500| 12/8/16 10:47 25.8| 927.366| 289.1849
B3 28.1 10001 3226 8920 12.76 0 1500 12/8/16 10:24 28.1| 783.6434| 250.6173
B3 36.8 10003 3433 9858 14.1 0 1500 12/8/16 9:42 36.8] 709.2986| 241.2712
B3 43.9 10011 3234 9376 13.57 0 1500] 12/8/16 10:01 43.9]| 737.5963] 236.1158
B3 49.5 10001 3350 10634 14.8 0 1500{ 12/8/16 15:26 49.5| 675.6092| 224.1474
B3 49.9 10010 3199 9589 13.59 0 1500| 12/8/16 15:44 49.9] 736.437| 233.1897
B3 67.8 10003 3431 11573 16.42 0 1500| 12/8/16 15:07 67.8] 609.0621; 206.7485
B3 70 9999 3439 11676 16.38 0 1500 12/8/16 14:45 701 610.3056| 207.7472
B3 77.3 10007 3589 13187 18.39 0 1500| 12/8/16 14:00 77.3| 544.0204| 192.9564
B3 79.3 10009 3496 12967 18.18 0 1500! 12/8/16 14:25 79.3| 550.4161! 190.0952
B3 83.5 10002 3408 11810 16.91 0 16500| 12/8/16 13:31 83.5| 591.3503! 199.3336
B3 89.8 10000 3590 13920 19.72 0 1500] 12/8/16 13:06 89.8| 506.9654| 179.8447
B3 100 10004 3478 14579 21.08 0 1500| 12/8/16 12:16 100| 474.4391! 162.7865
B3 100.4 10004 3491 15409 21.94 0 1500] 12/8/16 12:41 100.4| 455.8368| 156.9118
B4 12.4 10003 2794 6924 9.82 0 1500] 12/8/16 11:39 12.4] 1018.477| 282.6964
B4 13.2 10006 2748 7180 10.32 0 1500] 12/8/16 12:05 13.2] 969.4156{ 264.4541
B4 25.8 10005 2910 7465 10.81 0 1500} 12/8/16 11:12 25.8) 925.3739| 267.3702
B4 28.1 10003 2884 9261 13.03 0 1500} 12/8/16 10:49 28.1) 767.5319| 219.5104
B4 36.8 10009 3230 9829 14.21 0 1500] 12/8/16 10:02 36.8] 704.2051; 225.4797
B4 43.9 10012 3080 9852 14.12 0 1500{ 12/8/16 10:26 43.9/ 708.9072; 216.3053
B4 49.5 10004 2994 10347 14.73 0 1500] 12/8/16 15:45 49.5] 679.0002| 201.4337
B4 49.9 10000 2920 9561 13.67 0 1500 12/8/16 9:41 49.91 731.3709! 211.7814
B4 67.8 10004 3208 12383 17.26 0 1500] 12/8/16 15:28 67.8] 579.448| 184.0383
B4 70 10000 3308 11882 16.87 0 1500 12/8/16 15:07 70} 592.6102| 194.2627
B4 77.3 10004 3262 13296 18.65 0 1500| 12/8/16 14:26 77.3] 536.2495| 173.0812
B4 79.3 9999 3198 12847 18.13 0 1500| 12/8/16 14:47 79.3| 551.3588| 174.5677
B4 83.5 10006 3201 12550 17.56 0 1500 12/8/16 13:59 83.5| 571.6134| 181.0893
B4 89.8 10000 3264 14008 20.15 0 1500| 12/8/16 13:34 89.8| 496.1199| 160.1601
B4 100 10001 3149 15163 21.61 0 16500| 12/8/16 12:41 100| 462.637| 143.8946
B4 100.4 10000 3066 15882 22.54 0 1500 12/8/16 13:09 100.4| 443.4977| 134.1998
C1 12.4 10010 3280 7534 10.42 0 1530| 12/8/16 12:05 12.4] 960.5286| 312.7783
C1 13.2 10000 3215 7607 10.58 0 1530] 12/8/16 12:30 13.2| 945.0556| 301.8742
C1 25.8 10005 3270 7977 11.19 0 1530 12/8/16 11:41 25.8| 883.9779| 290.2242
C1 28.1 10002 3386 9616 13.5 0 1530| 12/8/16 11:15 28.1| 740.7649| 248.8138
C1 36.8 10000 3803 10632 14.9 0 1530! 12/8/16 10:26 36.8| 671.0169| 253.2339
C1 43.9 10003 3452 10587 14.53 0 1630] 12/8/16 10:51 43.9] 688.3137| 235.5764
C1 49.5 10003 3543 10988 15.61 0 1530 12/8/16 9:43 49.5! 640.6832| 224.9689
Cc1 49.9 10003 3444 10206 14.36 0 1630] 12/8/16 10:02 49.9| 696.4637| 237.8319
C1 67.8 10003 3768 12722 18.01 0 1530] 12/8/16 15:49 67.8| 555.2897| 207.2161
C1 70 9999 3557 12476 17.02 0 1530{ 12/8/16 15:28 70| 587.3613| 206.9884
C1 77.3 10002 3708 14315 19.75 0 1530] 12/8/16 14:48 77.3| 506.3064! 185.7458
C1 79.3 10002 3584 13588 18.96 0 1630, 12/8/16 15:10 79.3| 527.4076] 187.0285
C1 83.5 10000 3552 12929 18.04 0 1530] 12/8/16 14:25 83.5| 554.1997| 194.8948
C1 89.8 10002 3773 15136 20.9 0 1630 12/8/16 14:03 89.8| 478.4406] 178.5253
C1 100 10003 3605 16202 22.45 0 1630 12/8/16 13:09 100| 445.4439] 158.5781
C1 100.4 10002 3576 16314 23.18 0 1530 12/8/16 13:37 100.4| 431.3687| 152.2699
C3 12.4 10012 3018 6950 9.64 0 15307 12/8/16 12:29 12.4| 1038.474| 311.3475
C3 13.2 10001 3122 7346 10.16 0 15630] 12/8/16 12:57 13.2| 984.2354| 305.5605
Cc3 25.8 10000 3123 7635 10.63 0 1630] 12/8/16 12:05 25.8| 949.5526] 294.8582
C3 28.1 10008 3394 8954 12.62 0 1530] 12/8/16 11:42 28.1) 7929119} 267.2152
C3 36.8 10000 3491 10188 13.95 0 1530| 12/8/16 10:50 36.8| 716.7309| 248.5279
C3 43.9 10006 3264 9541 13.39 0 1530] 12/8/16 11:14 43.9| 747.1591] 242.041
c3 49.5 10008 3358 10281 14.46 0 1530 12/8/16 10:02 49.5] 692.0012| 230.5038
Cc3 49.9 10000 3255 9563 13.37 0 1530| 12/8/16 10:25 49.9 747.8282| 241.7325
C3 67.8 10005 3516 11890 16.97 0 1530 12/8/16 9:45 67.8] 589.4548| 205.4662
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C3 70 10004 3283 11410 16.16 Q 15630| 12/8/16 15:47 70| 618.9444| 201.4329
C3 77.3 10005 3537 12845 17.98 0 1530 12/8/16 15:09 77.3| 556.3366] 194.9956
C3 79.3 10008 3465 12958 17.7 Q 1630 12/8/16 15:29 79.3| 565.3087] 194.0397
C3 83.5 10000 3377 12433 17.06 Q 1630 12/8/16 14:45 83.5| 586.0515| 196.2254
C3 89.8 10002 3585 14178 19.77 0 1530] 12/8/16 14:27 89.8| 505.8031| 179.6124
C3 100 10007 3558 14798 20.99 Q 1530f 12/8/16 13:35 100| 476.6358| 167.7863
C3 100.4 9999 3573 15806 21.87 0 1530 12/8/16 14:04 100.4| 457.0866]| 161.6515
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Detector ID{Sample ID Alpha Beta Guard Count Time|Event Voltage TOD ALPHA BETA
CPM CPM
A1 0 23 10011 4809 6.74 0 1402.5 12/7/16 9:11] 3.290463| 1483.18
A1 16.3 31 10008 5380 6.99 0 1402.5| 12/7/16 13:19] 4.312907| 1429.628
A1 30.4 21 10006 5335 7.02 0 1402.5| 12/7/16 13:05] 2.869453| 1423.224
Al 49.6 15 10008 6267 8.41 0 1402.5| 12/7/16 12:51| 1.661591 1187.88
A1 63.4 21 10012 6197 8.31 0 1402.5] 12/7/16 12:35| 2.405076| 1202.681
A1 75.3 29 10003 5699 7.93 0 1402.5{ 12/7/16 12:21| 3.634999; 1259.28
A1 95.8 23 10010 5873 8.08 0 1402.5| 12/7/16 12:09| 2.724535} 1236.729
Al 102.6 16 10010 6748 8.75 0 1402.5, 12/7/16 11:51] 1.706571| 1141.868
A1 129.6 25 10007 6195 8.4 0 1402.5! 12/7/16 11:38] 2.85419| 1189.178
A1 139 17 10004 6324 8.67 0 1402.5| 12/7/16 11:23| 1.861664| 1165.196
A1 164.4 21 10015 6711 8.69 0 1402.5] 12/7/16 11:10| 2.294571| 1150.342
A1l 181 25 10015 7089 9.21 0 1402.5| 12/7/16 10:49| 2.5692441| 1085.273
A1 195.7 18 10008 6761 8,92 0 1402.5| 12/7/16 10:37| 1.895937| 1119.841
A1 239.1 24 10000 7379 9.73 0 1402.5| 12/7/16 10:22] 2.344598| 1025.617
A1l 252.6 22 10015 7071 9.57 0 1402.5| 12/7/16 10:09] 2.176851| 1044.367
A1l 273.4 24 10004 7730 9.72 0 1402.5 12/7/16 9:55| 2.347136| 1027.086
A1l 297.2 19 10004 7621 10.06 0 1402.5 12/7/16 9:43| 1.766668| 992.3014
A1 299.7 36 10006 7341 10.01 0 1402.5 12/7/16 9:28| 3.474404| 997.4684
A2 0 20 10008 4929 6.73 0 1402.5 12/7/16 9:25| 2.815768| 1485.044
A2 16.3 24 10012 4958 6.96 0 1402.5 12/7/16 9:11| 3.292276| 1436.477
A2 30.4 27 10021 5290 6.88 0 1402.5| 12/7/16 13:19| 3.768419| 1454.512
A2 49.6 28 10012 6181 8.19 0 1402.5| 12/7/16 13:06| 3.262803| 1220.437
A2 63.4 28 10001 6420 8.64 0 1402.5| 12/7/16 12:51| 3.084741| 1155.494
A2 75.3 24 10016 5936 7.95 0 1402.5] 12/7/16 12:35| 2.862868| 1257.845
A2 95.8 25 10010 5922 8.21 0 1402.5{ 12/7/16 12:21| 2.889067] 1217.216
A2 102.6 29 10009 6120 8.4 0 1402.5| 12/7/16 12:09| 3.296381| 1189.519
A2 129.6 27 10011 6561 8.51 0 1402.5| 12/7/16 11:51] 3.016738] 1174.352
A2 139 25 10015 6299 8.566 0 1402.5| 12/7/16 11:38| 2.764561| 1167.948
A2 164.4 21 10011 6322 8.57 0 1402.5, 12/7/16 11:23} 2.294408| 1166.116
A2 181 26 10022 6801 8.81 0 1402.5| 12/7/16 11:10] 2.795192| 1135.542
A2 195.7 21 10011 6793 8.81 0 1402.5| 12/7/16 10:48| 2.227655| 1134.293
A2 239.1 23 10002 7536 9.87 0 1402.5¢ 12/7/16 10:38| 2.174294] 1011.345
A2 252.6 21 10008 7143 9.39 0 1402.5| 12/7/16 10:22| 2.080422]| 1063.786
A2 273.4 23 10013 7353 9.92 0 1402.5| 12/7/16 10:09| 2.162548| 1007.346
A2 297.2 26 10011 7981 10.03 0 1402.5 12/7/16 9:56| 2.436223| 996.0767
A2 299.7 27 10002 7555 9.96 0 1402.5 12/7/16 9:42| 2.554843| 1002.188
A3 0 17 10017 4978 6.53 0 1402.5 12/7/16 9:398} 2.479369| 1531.707
A3 16.3 13 10011 4936 6.74 0 1402.5 12/7/16 9:25| 1.804783| 1483.022
A3 30.4 16 10013 4783 6.7 0 1402.5 12/7/16 $:11] 2.26406| 1492.188
A3 49.6 9 10010 6333 8.28 0 1402.5| 12/7/16 13:20| 0.962957| 1206.647
A3 63.4 6 10014 5996 7.94 0 1402.5| 12/7/16 13:06| 0.631668| 1258.919
A3 75.3 11 10017 5875 7.87 0 1402.5] 12/7/16 12:50| 1.273713} 1270.518
A3 95.8 16 10013 5926 7.94 0 1402.5{ 12/7/16 12:35{ 1.891113| 1258.793
A3 102.6 13 10012 6046 8.38 0 1402.5] 12/7/16 12:21{ 1.427313| 1192.459
A3 129.6 10 10014 5954 8.19 0 1402.5) 12/7/16 12:09{ 1.097001| 1220.421
A3 139 7 9999 6535 8.47 0 1402.5! 12/7/16 11:51| 0.702446| 1178.229
A3 164.4 11 10017 6090 8.27 0 1402.5| 12/7/16 11:38| 1.206109| 1208.955
A3 181 14 10015 6601 8.98 0 1402.5| 12/7/16 11:23| 1.43502| 1112.966
A3 195.7 9 10008 6813 8.83 0 1402.5| 12/7/16 11:10| 0.895253| 1131.119
A3 239.1 11 10017 7425 9.64 0 1402.5, 12/7/16 10:49] 1.017079; 1036.818
A3 252.6 11 10012 6989 9.21 0 1402.5{ 12/7/16 10:37{ 1.070354; 1084.789
A3 273.4 14 10001 7476 9.85 0 1402.5{ 12/7/16 10:22| 1.28732| 1013.04
A3 297.2 13 10016 7344 9.91 0 1402.5| 12/7/16 10:09| 1.187806| 1008.406
A3 299.7 10 10004 7789 9.79 0 1402.5 12/7/16 9:55| 0.89745| 1019.569
A4 0 23 10003 5337 6.55 0 1402.5 12/7/16 9:52| 3.41645] 1525.087
A4 16.3 27 10016 5371 7.08 0 1402.5 12/7/16 9:40| 3.718559 1412.6
A4 30.4 14 10022 5089 6.94 0 1402.5 12/7/16 9:25] 1.922291] 1442.003
A4 49.6 9 10006 5712 8.04 0 1402.5 12/7/16 9:13{ 1.024403| 1242.438
A4 63.4 21 10011 6264 8.2 0 1402.5{ 12/7/16 13:20| 2.465976| 1218.765
Ad 75.3 13 10019 5950 7.87 0 1402.5, 12/7/16 13:06| 1.556842| 1270.973
A4 95.8 13 10013 6096 8.18 0 1402.5| 12/7/16 12:51| 1.494242| 1221.994
A4 102.6 13 10011 6371 8.56 0 1402.5| 12/7/16 12:35| 1.423692| 1167.42
A4 129.6 28 10003 6046 8.38 0 1402.51 12/7/16 12:21]| 3.246289| 1191.586
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A4 139 20 10001 6133 8.43 0 1402.5] 12/7/16 12:09| 2.277479| 1184.269
A4 164.4 15 10004 6672 8.64 0 1402.5} 12/7/16 11:51] 1.641111] 1155.781
A4 181 23 10014 6415 8.71 0 1402.5| 12/7/16 11:38| 2.545643| 1147.624
A4 195.7 19 10010 6481 8.81 0 1402.5] 12/7/16 11:23] 2.06164] 1134.12
A4 239.1 21 10003 7554 9.8 0 1402.5] 12/7/16 11:11{ 2.047857| 1018.625
A4 252.6 24 10007 7435 9.65 0 1402.5] 12/7/16 10:49] 2.392047; 1034.906
A4 273.4 18 10005 7489 9.81 0 1402.5{ 12/7/16 10:37| 1.739862| 1017.789
A4 297.2 16 10006 7398 9.76 0 1402.5| 12/7/16 10:22| 1.544344| 1023.116
A4 299.7 17 10000 7388 9.96 0 1402.5| 12/7/16 10:09} 1.611827] 1001.927
B1 0 40 10011 4660 6.4 0 1500 12/7/16 10:06 6.145] 1562.301
B1 16.3 29 10009 4985 6.78 0 1500 12/7/16 9:52| 4.172286]{ 1474.336
B1 30.4 29 10015 4810 6.52 0 1500 12/7/16 9:39| 4.342853| 1534.125
B1 49.6 44 10014 5517 7.59 0 1500 12/7/16 9:26{ 5.692101 1317.45
B1 63.4 35 10011 5729 7.82 0 1500 12/7/16 9:12{ 4.370703| 1278.261
B1 75.3 26 10012 5555 7.61 0 1500 12/7/16 13:19] 3.311557] 1313.719
B1 95.8 37 10007 56156 7.92 0 1500 12/7/16 13:06! 4.5666717] 1261.592
B1 102.6 32 10002 6293 8.43 0 1500 12/7/16 12:561| 3.690967| 1184.559
B1 129.6 44 10007 59563 8.08 0 1500{ 12/7/16 12:35| 5.340545] 1236.572
B1 139 32 10008 5814 7.96 0 1500{ 12/7/16 12:21| 3.915101| 1255.368
B1 164.4 29 10014 5919 8.1 0 1500 12/7/16 12:09| 3.475247| 1234.378
B1 181 26 10011 6234 8.55 0 1500 12/7/16 11:51] 2.935936, 1168.959
B1 195.7 34 10007 6474 8.64 0 1500 12/7/16 11:38; 3.830185 1166.3
B1 239.1 28 10011 6973 9.43 0 1500| 12/7/16 11:24| 2.864247| 1059.694
B1 252.6 36 10009 6720 9.2 0 15600 12/7/16 11:10| 3.808043| 1086.017
B1 273.4 36 10008 6961 9.47 0 1500{ 12/7/16 10:49| 3.696478; 1054.893
B1 297.2 43 10006 6984 9.52 0 1500 12/7/16 10:37| 4.411807| 1049.132
B1 299.7 30 10002 6836 9.42 0 1500 12/7/16 10:22} 3.079713| 1059.865
B3 0 11 10008 4622 6.41 0 1500 12/7/16 10:19} 1.682069| 1559.106
B3 16.3 13 10022 4957 6.82 0 1500] 12/7/16 10:06] 1.772158| 1467.297
B3 30.4 12 10003 4948 6.73 0 1500 12/7/16 9:62| 1.649061 1484.126
B3 49.6 11 10010 5803 7.89 0 1500 12/7/16 9:40| 1.26017; 1266.491
B3 63.4 19 10003 5839 8.05 0 1500 12/7/16 9:26| 2.226248| 1240.405
B3 75.3 14 10002 55632 7.55 0 1500 12/7/16 9:12{ 1.720305| 1322.564
B3 95.8 9 10005 5805 7.97 0 1500 12/7/16 13:20] 0.995235| 1253.128
B3 102.6 12 10004 5948 8.43 0 1500 12/7/16 13:07| 1.289488; 1184.51
B3 129.6 19 10009 6198 8.3 0 1500 12/7/16 12:51] 2.155157 1203.7
B3 139 8 10006 5976 8.11 0 1500 12/7/16 12:35] 0.852436] 1231.581
B3 164.4 11 10012 6154 8.4 0 1500 12/7/16 12:21| 1.175524| 1189.701
B3 181 11 10013 6498 8.91 0 1500 12/7/16 12:10| 1.100568] 1121.589
B3 195.7 12 10002 6476 8.87 0 1500 12/7/16 11:51| 1.218875] 1125.417
B3 239.1 14 10006 7210 9.61 0 1500] 12/7/16 11:39| 1.322816] 1039.003
B3 252.6 13 10003 6950 9.39 0 1500 12/7/16 11:24| 1.250452] 1063.078
B3 273.4 15 10005 6884 9.43 0 1500] 12/7/16 11:10] 1.456668| 1058.772
B3 297.2 11 10009 7257 9.86 0 1500 12/7/16 10:49} 0.981619! 1012.908
B3 299.7 9 10002 7236 9.85 0 1500 12/7/16 10:38] 0.779706| 1013.227
B4 0 64 10009 5023 6.86 0 1600] 12/7/16 10:35| 9.171446| 1457.213
B4 16.3 55 10003 5131 7.1 0 1500 12/7/16 10:20| 7.588479] 1407.048
B4 30.4 40 10001 5058 6.96 0 1500 12/7/16 10:06| 5.589126 1435.1
B4 49.6 66 10019 6053 8.25 0 1500 12/7/16 9:54 7.842| 1212.599
B4 63.4 61 10011 5994 8.16 0 1500 12/7/16 9:41| 7.31749| 1225.013
B4 75.3 41 10014 5881 8.11 0 1500 12/7/16 9:26} 4.897487| 1232.947
B4 95.8 43 10009 6004 8.21 0 1500 12/7/16 9:13| 5.810331| 1217.298
B4 102.6 47 10000 6439 8.81 0 1500 12/7/16 13:21] 5.176847] 1133.249
B4 129.6 38 10012 6016 8.52 0 1500 12/7/16 13:07| 4.302094| 1173.292
B4 139 42 10004 6432 8.62 0 1500, 12/7/16 12:61] 4.71439; 1158.732
B4 164.4 45 10003 6396 8.65 0 1600 12/7/16 12:35] 5.044312{ 1154.591
B4 181 52 10008 6637 9.07 0 1500 12/7/16 12:22] 5.575186| 1101.593
B4 195.7 46 10011 6610 9.04 0 1500] 12/7/16 12:10| 4.930496] 1105.587
B4 239.1 45 10009 7398 10.18 0 1500 12/7/16 11:562| 4.262432] 981.3774
B4 252.6 49 10002 7200 9.59 0 1500 12/7/16 11:39] 4.951489! 1041.136
B4 273.4 51 10004 7507 10.14 0 1500 12/7/16 11:25] 4.871586| 984.7628
B4 297.2 43 10003 7240 9.91 0 1500] 12/7/16 11:11| 4.181051| 1007.559
B4 299.7 55 10001 7394 10.05 0 1500{ 12/7/16 10:50| 5.314637| 993.2994
C1 0 27 10019 4903 6.64 0 1630 12/7/16 10:46| 3.942265| 1506.885
C1 16.3 27 10007 5049 6.89 0 1530 12/7/16 10:35| 3.794723| 1450.394
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1 30.4 33 10010 4919 6.75 0 1530| 12/7/16 10:19| 4.764889; 1480.962
C1 49.6 29 10013 5686 7.82 0 1530] 12/7/16 10:07| 3.58444| 1278.434
c1 63.4 25 10009 5974 8.12 0 1530 12/7/16 9:54| 2.954818| 1230.634
C1 75.3 35 10006 5832 7.95 0 1530 12/7/16 9:40| 4.278516| 1256.615
c1 95.8 27 10009 5867 8.01 0 1530 12/7/16 9:26| 3.246787] 1247.562
c1 102.6 19 10000 6112 8.41 0 1530 12/7/16 9:13] 2.135215! 1187.06
c1 129.6 24 10006 6243 8.44 0 1530| 12/7/16 13:20| 2.719602| 1183.544
C1 139 35 10010 5891 8.21 0 1530 12/7/16 13:06| 4.139094| 1217.244
c1 164.4 30 10007 6371 8.52 0 1530| 12/7/16 12:51| 3.397127; 1172.53
c1 181 20 10001 6658 8.93 0 1530] 12/7/16 12:36| 2.115642| 1117.932
Ci1 195.7 32 10006 6381 8.77 0 1530; 12/7/16 12:22| 3.524803| 1138.934
c1 239.1 29 10004 7391 9.94 0 1530 12/7/16 12:11] 2.793505; 1004.438
Ci 252.6 22 10005 6858 9.39 0 1530| 12/7/16 11:52] 2.218918| 1063.494
ci 273.4 23 10001 7317 9.87 0 1530 12/7/16 11:39| 2.206294] 1011.272
a1 297.2 36 10003 7128 9.68 0 1530| 12/7/16 11:24| 3.595008| 1031.367
a1 299.7 30 10007 7298 9.93 0 1630] 12/7/16 11:11| 2.897148| 1005.753
c3 0 19 10002 4665 6.31 0 1530 12/7/16 11:07| 2.896094| 1583.38
c3 16.3 20 10014 4970 6.74 0 1530| 12/7/16 10:46| 2.852359| 1484.034
c3 30.4 33 10019 4836 6.59 0 15630| 12/7/16 10:34; 4.892587| 1518.611
c3 49.6 17 10011 5590 7.63 0 1630} 12/7/16 10:20| 2.113047} 1310.335
c3 63.4 15 10011 5674 7.81 0 1530| 12/7/16 10:07| 1.805615] 1280.095
c3 75.3 14 10019 5450 7.46 0 1530 12/7/16 9:53| 1.761676] 1341.306
c3 95.8 18 10013 5689 7.76 0 1530 12/7/16 9:40| 2.204588| 1288.612
c3 102.6 16 10004 6002 8.2 0 1530 12/7/16 9:26] 1.83622) 1218.277
c3 129.6 17 9999 5885 8.09 0 1530 12/7/16 9:13| 1.98636] 1234.247
c3 139 20 10004 6004 8.12 0 1530] 12/7/16 13:20| 2.348054; 1230.297
c3 164.4 27 10006 5943 8.29 0 1530] 12/7/16 13:07] 3.141936} 1205.273
c3 181 17 10001 6360 8.51 0 1530 12/7/16 12:51] 1.88265| 1173.483
c3 195.7 13 10008 6277 8.47 0 1630] 12/7/16 12:35} 1.419829| 1179.859
c3 239.1 20 10003 6957 9.57 0 15630| 12/7/16 12:22| 1.974864| 1043.523
c3 252.6 18 10005 6790 9.15 0 1630] 12/7/16 12:10; 1.852213] 1091.72
C3 273.4 14 10009 7016 9.59 0 1530 12/7/16 11:52| 1.344854, 1041.968
c3 297.2 28 10012 7017 9.45 0 1530 12/7/16 11:39| 2.847963| 1057.748
c3 299.7 15 10007 7158 9.73 0 1530 12/7/16 11:24| 1.426624| 1026.746
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1380 Seaboard Industriai Blvd.
Atlanta, Georgia 30318

P a
e ECkert & Zleg]er Tel 404:352:8677

. Fax 404+352-2837
Analytics

www.analyticsine.com

CERTIFICATE OF CALIBRATION ,5/

Standard Radionuclide Source .-

76253-307 Qb % 2
Th-230 § mL Liguid inFlame Sealed Vial \\ﬂ-‘

Customer: Paragon Analytcs / Foxt Colling, CO
P.0O. No.: 72808-REL ]10-30-07, Iterm 1

This st.andard radionuclide source wés prepared gravimetrically from a calibrated master solution.
The mastex solution was calibrated by liquid scintillation counting.

Radionuelide purlty and calibration were checked by germanimm gamma-xay spectrometry and
ligmid scintillation counting. The nuclear decay rate and assay date for this source are given below.

ANALYTICS maintains traceability to the National Instifute of Standaxds and Technology thxough
Measurements Assurance Programs as described in USNRC Reg. Guide 4.15, Revision 1.

Isotope: Th-23¢
Activity Ba): 1,988 E¢
. Hall-Life: ' 7.838'E4 yeaxs
- ‘Calibration Datet ™ ' November 8, 2007 12:00 EST
. Relative Expanded
Uncertainty (k=2): 2.0%

Commients:
Tmpurities: y-impurifies <0 1%, o-impurities <0.01%, - ’ .
5.18119 grams 0.5M HNOS3 solution, .

Sozce Prepared By: “D_K;u&__wW_-____

N, E. Xesman, Radiochemist

QXA Appraved: zh”? m«z’/; " pate; Yt Iv I

D. M. Montgome®, Q& M;nagez

End of Cani.ﬁcate

Laboratary

Corporate Offica
1380 Seaboard Industrial Blvd, Atlanta, Georgla, 30318

24937 Avenue Tibbitts  Valendia, California 91355
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- Stnd ID: 853.3020.89 claln |
’ V410 ! |
— Description: Th-230 I i
Expiration:  2/5/2009 IReverification Log
Activity:  1166.38 dpm/mL Analysis Date initials__ Expiration Date l
:\\’SL /5169 B | 515 [20i0]) 2 |
s Uncertainty:  23.33  dpm/mL 11719 10 T fe L1 /1afaojllY |
Ref. Date: 11/6/2007 1Z2113]1Y 1211312015 ?h | :
B Ref Time: NIA - i ! |
o Prep Date: 1211212007 Prep by: DC i T
Matrix/Comp. 0.5 M HNO3 : .- '
! Half Life (y): 7.70E+04 Mﬁtjyﬁe Continuect on Pag:
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a» Fckert & Ziegler

Analytics | :
CERTIFICATE OF CALIBRATION

Standard Radionuclide Source .

1380 Seaboard Industrial Bivd.

Atlanta, Georgla 3031
Tel 404:352:8677
Fax 404+352-2837

8

www.analyticsine.com

X

76253-307
Th-230 B mb Liguid in Flaine Sealed Vial

Customer: Paragon Analytics / Fort Collins, CO
P.0. No.: 72505-REL 10-30-07, Item 1

-

N @\J%éﬂ’

&

This standard radionuclide source wis prepared gravimetrically from a calibrated master solution.

The mastex solution was calibrated by liguid scintilation counting.

Radionuclide purity and calibration were checked by germanium gamma-xray spectrometry and
Hguid seintillation counting. 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, Revigion 1.

Isctope: Th-23¢
Activity (Bq): 1,988 B4
Half-Life: ’ 7.838'E4 years .
‘Calibration Date: ~ ’ November &, 2007 12:00 EST
Relative Expanded

Uncertainty (k=2): 2.0%

2

Comments: .
Impurities: y-impurifies <0.1%, o-imperites <0.01%,
5.15119 grams 0.5M HNO3 solution,

Source Prepared By: ﬁ e MM
. N. E. Kiesman, Radiochemist

3

QA Approved: ). = . Date: N~ v
D, M. Montgome!¥, QA Manager
End of Cerﬁﬁcate
Laboratary

Corporate Office
24937 Avenue Tibbitts  Valencla, California 91355

1380 Serboard industrial Blvd, Atlants, Georgla, 30318
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Cominued from Page
b i

1‘fzs;|;;3z;us‘i§§i§§
— Prepare a2 working dilution of ASo* N1 9 % 49,%8\6 N I

B I. Density of 0 |M HC] ,lot # cié
Mass of 100mL vol. flask: LYY Balance # }a
- Mass of flask & [100mL acid:

. Balance# | a
- Net Mass:; a3 -?‘:}Si ™ U

Density:

2. Massof LSO 1p 1\ transferred:

y Jj Mass of empty nalgene: Balance# |
A (7\ Mass of nalgene & standard Balance#] 3. %3
Net mass of standard transferred: i
- WAy
)
- 3. Dilute to tinal volume: L

» Mass of nalgene, standard, & diluent: 4 29 .30\ Balance#
L Mass of empty nalgene: 2409397 Batance# ] 5.
-4: . ‘ %,

Net mass of new dilution:

- 4. Final activity calculation:

L 232308 (éoﬁﬁm)( 4. 890 (O'C’ﬁt}‘)/’“kl 2104l
m 4 (18) ( 4998 3) (55’5'1}013) = 333710

a1 Ref. Dats;  2I9/2015
" Ref Time: NIA

FPrep Date:  3I512015 Prepby: TE
G Matrix/Comp, 8.1 MHCI

e
!

T S

| ¥ Sind iD: 1019.4036.83

- Description:  Cs-137

* Expiration:  3/6/2018 |Reverification Log

T Activity: 393710 dpm/mL AnalysisDpte _Initials_ Expiration Date
04 AT TV 10 a1z
2s Uncertainty: ©  70.87  dpmiml

g

@

.

1 Half Life (y):  3.01E+01 B L” } o
E— S EHS
i Py M\ )
aye (¥ Wi ad
.
|~ T\ A Continued on Page
Z i\ , / / Reud ghd Undiddsiopd By
Signed Date < Signed Date
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QS 04 1380 Seaboard Industrial Blvd,
Eckert & Ziegler 1017 el soassranrr

Fax 404+352:2837
Analytics www.ezag.com

CERTIFICATE OF CALIBRATION

Standard Reference Source

Vi AGH 10 G noN 004

995878
Cs-137 5 mL Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group
P.O. No.: FCO0U610, tem 3 Product Code: 8137

This standard radionuclide source was prepared gravimetrically from a master solution calibrated with an
jonization chamber. The ionization chamber was calibrated by the National Physical Laboratory, Teddington,
U.K., and is traceable to national standards. Radionuclide calibration and purity were checked by germanium
gamma-ray spectrometry, liquid scintillation counting, and/cr alpha spectrometry, as applicable. The nuclear
decay rate and reference date for this source are given below. Eckert & Ziegler Analytics (EZA} maintains
traceability to the National Institute of Standards and Technolegy through a Measurements Assurance
Program as described in USNRC Regulatory Guide 4.18, Revision 2, July 2007, and compliance with ANSI
N42,22-19395, "Traceability of Radicactive Sources to NIST.”

(S

\0 Uncertainty* , %
Half-Life, 2D ¥ Activity Type ' Reference Date
Isotope Days 7~ (Bey) ua s U (12:00 PM EST)
Cs-137 1.088E+04 3,7127E+04 0.1 08 18 02/09/2015

*Uncartaluty: U - Rolative expanded uncertainty, k = 2. Sce NIST Technical Note 1287, "Guidelines for Evaluating and Expressing
tha Uncertainty of NIST Measurement Results.”

Comaments:

Impurities: y-impurities<0.1%.
4.99800 g 0.1M HCI solution with approximatsly 30 ug/g Cs carrier.

Source Prepared by: VL‘-/ //2/‘

K. Eleey', Radiochemist

QC Approved: Wv Date: _IFel &

A. Chen, Spectroscopts!

Sirgle isctope Certificate Rev 7, 3 November 2014 _ Page 1 0f 1
Corporate Office Laboratory
24937 Avenue Tibbins Valencia, California 31355 1380 Seaboard industrial Blvd. Atlanta, Georgia, 30318
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Low Background Gas Flow Proportlonal Counter Log
Instrument LB4100A

_InS_trumeht Daily Response and Background Checks

- Comments: -

@

‘ Page No

&

470429 g;"

Form 780r8.doc (6/23/06)
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Sample Condition Form (Liquid) -

Analyst: BAT
Analysis Date: IZ'H Zol, Method Pre,
Sample Condition (Visual Appearance of Analysis Aliquot at Time of Prep)
Work Sample _
Order ID pH Color Remarks
W2 4e0p \ 28 ekalee Hons
2 I
L v
Ve l \\I v
BAT  12fgloore

I'\Oprtns\RAD\FORMS\sample condition form (Liquid)
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Continued from Page

______ HodAS. 6T mackin SHL

T T T T T T T T

Prepare a working dilution of

1. Density of 0.5 HAy lot#

Mass of 100mL vol. flask:

fe\i&ﬂﬁ% T

G
Balance# | a

4. Final activity calculation:

Mass of flask & 100mL acid: , Balance# |7
Net Mass:
Density: ; g] i ; ﬁtg
2. Mass of 240).2020 f transferred:
Mass of open empty nalgene: 244N s Balance# } 3
fT\ & Mass of nalgene & standard: _23_9@1,_&% Balance# }gk ﬁﬁ\
\'&6‘ Net mass of standard transferred: 3. 00F }f Balance# _A/D &gﬁ
3. Dilute to final volume: . ;
Mass of nalgene, standard, & diluent:_© 0 S\ o Balance# 2k
- Mass of empty nalgene (from above): A Balance#
Net mass of new dilution: Balance# aA/f

b )5’6‘4.‘13:&?:4/3 ( LOI\S)ML

)(3.0017) =50.60 dmhl

(g4 0%y

P P e e e

\
AR
Atlod
\W il fﬁ n
Sind iD: 760.4005.67 dbf
Dascription:  Th-230
Expiration. 41212016 reverification Log ,
Aclivity: 96.66 dpm/mlL Analysis Data riticls  Expitation Oate
, ap7]il T UV 104107
25 Uncertainty: 3.19 dpmimL
Ref Date: 711312004
Raf Time: N/A
Prap Date:  12i8/2014 Prep by: TE
F Matrix/Comp, 0.5 M HNO3
Half Life (y): 7.54E+04 "'p L/ / l
Y515
”
3
. - ¢
- e L a Continted on Page
— L iy , H)is |
Signed DBae - Signed Date
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ANALYTICS . ety
' ' ' W Phone oA J246T7 ¢ |
— . . PR
CERTIFICATE OF CALIBRATION ;

Standard Radionuclide Source . .‘ E

i £8750-307
Th=-230 5 mbh Liquid in Flama Zealed Vial

This éi:andard radionuelids source was prepared gravimetrically
from a calibrated maatex aolution. Th= master solution was
calibrated by liquid scintillation counting. :

Radionuclide pu.rii:y and calibration were chacked by garmaniuh
gamma-ray spectrometry apd liquid scintillation counting: Tha

nucleax decay rate and assgy date for this source are givem -

belaw.
ANALYTICS wmaintains traceability ta the National Instituta of

Btandards and Technology through Measuremants Assurance Programs
as desgeribed in USNRC Reg. Guide 4.15, Revigiom-l. '

ISOTOPR: * Th-230

ACTIVITY (dps): . 1.832 Bé-

* HALP-LIFR: ' 7.538 B4 years .
* CALIERATION DATR: ‘duly 13, 2004 12:00 EST

©  TNCERTAINTY (k=2): ©  3.2%

Impurities: 1-1@9:11:.-13; <0.1%, n.4:1.ﬁip\::r:l:ti:as <0.01%

5.08447 grams 0.54 HNO, solutiem. . .~ . ‘ o
? O NOMBER 70635, Item 1,
SOURCE PREPARED BY:

&, Radicchamist

TR Y 6 R B 0 W S T o G4 4 VN BT D W 1 s A6 & mogote ¢ i s e ;o

X e w

o -
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Continued from Page e J

1 H H

~ 3, .\
i i i § 1 Tt T ¥ T 1 T H T T T 1 &3 H T 1 T l
. W9
Prepare a working dilution of inl.4098. 76 1 ‘\‘ :

. Density of . 45 HC\ 1ot # 000an9y3lk
Mass of 100mL vol. flask: "o Balance# |

Mass of flask & 100mL acid: o154 Balance# _\
Net Mass:
Density:
i /  2.Massof 1O12,4AS ‘N, transferred:
‘ Q\;\\,\‘) Mass of empty nalgene: . Balance# |3 4 2
A\ ¢ Mass of nalgene & standard 9 Balance# | 'h \1‘\&4
[

' Net mass of standard transferred: i ,:gmpf

3. Dilute to final volume: :

. .. Mass of nalgene, standard, & diluent: , Balance# 26
Mass of empty nalgene: * Balance# | 2
Net mass of new dilution: —)

4. Final activity calculation:

A

\\\9"\\3

f Z}"r}‘?’

Sind ID: 1013.4096.77

Description:  Cs-137

Expiration; 112012018 PRavgﬁ cationLog
Activity: 13175  dpm/mL Anglysis Date initlals  Exgiration Date
T N _\l5ilzor]

. 25 Uncertainty: 0.92 dpmiml.
Ref. Date: 930/2005

Ref Time: NIA
Prep Dats:  1/16i2018 Prep by: TE b

Matrix/'Comp. 4% HCI

1Hal§f£.ife(y): 3.01E+01 ‘ JV Z}‘”l (__ ‘

Coniinued on Page

-7 Fob4 s loals

Date / Signed Date

Signed
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Prepare-an intermediate dilution of _A S * ol

L. Densityof_LZZ Bl Llot# ohnoo“)‘/’lﬁé

Mass of 100mL vol. ﬂask t¥.SL5 el o Balance # 13
" Mass of flask & 100mL acid: A Y £ Balance# |9
Net Mass: , e
Density: S0H S o 2L
2. Mass of g$0* 0] Y _-transferred:
Mass of open empty bottle: Balance# Q6
Mass of bottle and standard: Balance#

Net mass of standard transferred:

3. Dilute to final volume:
Mass of open empty bottle:
Mass of bottle, standard, & diluent:
Net mass of new dilution:

Balance#
Balance#

4. Final activity calculation: \
'\' D

99.6 - Jo00 15 coc X - Ao
by (s e ) 43y )< ton i

ﬂ’ib\:« |

at ]“2
{16l

)

")

LA Ml i

I

| i
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: National Institute of Standards & Technology
(ertificate

Standard Reference Material 4233E
Cesium-137 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive cesium-137 chloride, non-radioactive
cesium chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a
flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization
chambers and solid-state gamma-ray spectrometry systems.

Radiological Hazard: The SRM ampoule contains cesium-137 with a total activity of approximately
1.5MBg. Cesium-137 decays by beta-particle emission to barium-137m, which decays by internal
conversion. During the decay process X-rays and gamma rays with energies from approximately 3 keV to
662 keV are emitted. Most of these photons escape from the SRM ampoule and can represent a radiation
hazard. Approximate unshielded dose rates at several distances (as of the reference time) are given in note
[a]*. Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM
should be used only by persons qualified to handle radioactive material.

Chemical Hazard: The SRM ampoule contains hydrochloric acid with a concentration of 1 mole per liter
of water. The solution is corrosive and represents a health hazard if it comes in contact with eyes or skin.
[f the ampoule is to be opened to transfer the solution, the recommended procedure is given on page 2. The
ampoule should be opened only by persons qualified to handle both radioactive material and strong acid
solution. ’

Storage and Handling: The SRM should be stored and used at a temperature between 5 and 65 °C. The
solution in anunopened ampoule should remain stable and homogeneous until at least September 2015. The
ampoule (or any subsequent container) should always be clearly marked as containing radioactive material.
If the ampoule is transported, it should be packed, marked, labeled, and shipped in accordance with the
applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous good
(hazardous material) because of both the radioactivity and the strong acid.

Preparation: This Standard Reference Material was prepared in the Physics Laboratory, lonizing Radiation
Division, Radioactivity Group, M.P. Unterweger, Acting Group Leader. The overall technical direction and
physical measurements leading to certification were provided byL.L. Lucas, R. Collé and L. Laureano-Pérez
of the Radioactivity Group. The support aspects involved in the preparation, certification, and issuance of
this SRM were coordinated through the Standard Reference Materials Program.

Lisa R. Karam, Deputy Chief
Ionizing Radiation Division

Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
October 2005 Measurement Services Division
SRM 4233E, page 1 of 6 *Notes and references are on pages 5 and 6.
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2)

3)

4)

5)
6)

7)

8)

9)

Recommended Procedure for Opening the SRM Ampoule

Ifthe SRM solution is to be diluted, it is recommended that the diluting solution have a composition
comparable to that of the SRM solution.

Wear eye protection, gloves, and protective clothing and work over a tray with absorbent paper in
it. Work in a fume hood. In addition to the radioactive material, the solution contains strong acid

and is corrosive.

Shake the ampoule to wet all of the inside surface of the ampoule. Return the ampoule to the upright
position.

Check that all of the liquid has drained out of the neck of the ampoule. If necessary, gently tap the
neck to speed the process.

Holding the ampoule upright, score the narrowest part of the neck with a scribe or diamond pencil.

Lightly wet the scored line. This reduces the crack propagation velocity and makes for a cleaner
break.

Hold the ampoule upright with a paper towel, a Wiper, orasupport jig. Position the scored line away
from you. Using a paper towel or wiper to avoid contamination, snap off the top of the ampoule by
pressing the narrowest part of the neck away from you while pulling the tip of the ampoule towards
you.

Transfer the solution from the ampoule using a pycnometer or a pipet with dispenser handle.
NEVER PIPETTE BY MOUTH.

Seal any unused SRM solution in a flame-sealed glass ampoule, if possible, to minimize the
evaporation loss.

See also reference [4]*.

SRM 4233E, page 2 of 6 . *Notes and references are on pages 5 and 6.
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PROPERTIES OF SRM 4233E

Certified values

Radionuclide

Cesium-137

Reference time

1200 EST, 30 September 2005

Massic activity of the solution [c]*

298.6 kBq-g™'

Relative expanded uncertainty (4=2)

0.70% [d] [e]

Solution mass

(5.0668 + 0.0009) g [b]

Solution density (1.015 + 0.002) g-mL"' at 20 °C [b]
Uncertified values
Physical Properties:
Source description Liquid in flame-sealed NIST borosilicate-glass ampoule
Ampoule specifications Body outside diameter (16.5+0.5) mm
Wall thickness (0.60 £ 0.04) mm
Barium content Less than 2.5%
Lead-oxide content Less than 0.02%
Other heavy elements Trace quantities
Chemical Properties:
Solution composition Chemical Concentration Mass Fraction
Formula (mol-L™") (zg")
H,0 54 0.96
HCl1 1.0 0.04
CsCl 1.6 x 10* 2.7x10°
YCsCl 6.9 x 107 1.2 x 107
Radiological Properties:
Photon-emitting impurities None detected [f]

Half lives used

Cesium-137: (10983 = 11)d [g] [5]

Radium-226: (1600 +7) a [g] [3]

Calibration method and measuring
instrument(s)

Pressurized "4n"y ionization chamber A calibrated using an
cesium-137 solution whose activity was determined by the
4n(e+X)-y-coincidence efficiency-extrapolation technique.

SRM 4233E, page 3 of 6

*Notes and references are on pages 5 and 6.
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EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d]*

Input Quantity x,, Method Used To Evaluate u(x), Relative Relative Relative
the source of uncertainty the standard uncertainty of x, Uncertainty | Sensitivity Uncertainty
(A) denotes evaluation by Of Input Factor, Of Output
(and individual statistical methods Quantity, |Oyidx; |- Quantity,
uncertainty components (B) denotes evaluation by u(x,)ix,, xly) u )y,
where appropriate) other methods (%) [h] [i] (%) [j]
Standard deviation of the mean 0.02 1.0 0.02
(within-measurement precision )
for 20 to 100 repeated
PIC A net response per measurements (A)
gram of SRM 4233E,
RRe20 ey Y0 | gt ndard deviation (between 0.13 1.0 0.13
RRS20 [k] .S
measurement precision) for 4
sets of measurement (A)
PIC A net response Standard deviation of the mean 0.01 1.0 0.01
per Bq of cesium-137 in | (for both between- and within-
solution, measured measurement precision) for
relative to RRS20. >100 repeated measurements
A)
Activity used to Standard uncertainty of the 0.31 1.0 0.31
calibrate PIC A net activity determined by the
response per Bq of 4n(e+X)-y-coincidence
cesium-137 in efficiency-extrapolation
solution technique, (B)
Half life of cesium-137 Standard uncertainty 0.10 [m] 0.0001 [n] 0.00001
Half life of radium-226 of the half life (A) 0.44 [m] 0.010 [n] 0.004
Gravimetric Estimated (B) 0.03 1.0 0.03
measurements
PIC A charge collection | Estimated (B) 0.05 1.0 0.05
Charge collection Estimated (B) 0.05 1.0 0.05
measurement time [p]
Long-term RRS Estimated (B) 0.05 1.0 0.05
positioning
Photon-emitting Limit of detection (B) [q] 100. 0.0001 0.01
impurities
Relative Combined Standard Uncertainty of the Output Quantity, u.(y)ly, (%) 0.35
Coverage Factor, k . x2
Relative Expanded Uncertainty of the Output Quantity, Uly, (%) 0.70

SRM 4233E, page 4 of 6

*Notes and references are on pages 5 and 6,

188 of 329



NOTES

[a] The Sievert is the SI unit for dose equivalent. See reference [1]. One uSv is equal to 0.1 mrem.
Distance from Ampoule (cm): 1 30 100
Approximate Dose Rate (uSv/h): 300 4 0.3

[b] The stated uncertainty is two times the standard uncertainty.

fe] Massic activity is the preferred name for the quantity activity divided by the total mass of the
sample. See reference [1].

[d] The reported value, y, of massic activity (activity per unit mass) at the reference time was not
measured directly but was derived from measurements and calculations of other quantities. This can
be expressed as y =f{x,, x,,x;, . . x,), where fis a mathematical function derived from the assumed
model of the measurement process. The value, x,, used for each input quantity i has a standard

" uncertainty, u(x,), that generates a corresponding uncertainty in y, u(y) = |9y/0x,|-u(x,), called a
component of combined standard uncertainty of y. The combined standard uncertainty of y,
u,(»), is the positive square root of the sum of the squares of the components of combined standard
uncertainty. The combined standard uncertainty is multiplied by a coverage factor of k=2 to obtain
U, the expanded uncertainty of y.

Since it can be assumed that the possible estimated values of the massic activity are approximately
normally distributed with approximate standard deviation «.(y), the unknown value of the massic
activity is believed to lie in the interval y + U with a level of confidence of approximately 95 percent.

For further information on the expression of uncertainties, see references [2] and [3].

[e] The value of each component of combined standard uncertainty, and hence the value of the expanded
uncertainty itself, is a best estimate based upon all available information, but is only approximately
known. That is to say, the "uncertainty of the uncertainty" is large and not well known. This is true
for uncertainties evaluated by statistical methods (e.g., the relative standard deviation of the standard
deviation of the mean for the massic response is approximately 50%) and for uncertainties evaluated
by other methods (which could easily be over estimated or under estimated by substantial amounts).
The unknown value of the expanded uncertainty is believed to lie in the interval U2 to 2U (i.e.,
within a factor of 2 of the estimated value). .

[f] Estimated limits of detection for photon-emitting impurities, as of 3 October 2005 (3 days after the
reference time), expressed as massic photon emission rates, are:
<40 v-s~'-g! for energies between 40 keV and 1350 keV, and
<4 v.s7'.g"! for energies between 1350 keV and 3600 keV,

[g] The stated uncertainty is the standard uncertainty.
[h] Relative standard uncertainty of the input quantity x,.
[i] The relative change in the output quantity y divided by the relative change in the input quantity x, .

If | 3ylox,|-(xy) = 1.0, then a 1% change in x, results in a 1% change iny. If |3y/ox,|-(x/y) = 0.05,
then a 1% change in x, results in a 0.05% change in y.

SRM 4233E, page 5 of 6 *Notes and references are on pages 5 and 6.
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[i] Relative component of combined standard uncertainty of output quantity y, rounded to two
significant figures or less. The relative component of combined standard uncertainty of y is given
by u(y)iy = |0yix,|-u(x)ly = |0ydx,|(x/y) « u(x,)x,. The numerical values of u(x,)\x;, | ayiox,[-(xjy),
and u/(y)ly, all dimensionless quantities, are listed in columns 3,4, and 5, respectively. Thus, the
value in column 5 is equal to the value in column 4 multiplied by the value in column 3. The input
quantities are independent, or very nearly so. Hence the covariances are zero or negligible.

(k] The response of pressurized ionization chamber A (PIC A) is determined from measurement of the
time required to collect a given amount of charge on a stable fixed capacitor. All of the response
measurements in the NIST pressurized ionization chambers are made relative to the response of one
or more artifact standards. These artifact standards consist of microgram quantities of aged radium-
226 in small welded stainless-steel capsules. These capsules are encapsulated in plastic rods whose
dimensions are similar to those of the standard NIST ampoule. The artifact standards are called
Radium Reference Sources and are designated as RRSx, where x is the nominal mass (in
micrograms) of radium-226 in the capsule.

[m]  The relative standard uncertainty of A-¢ is determined by the relative standard uncertainty of 1 (ie,
of the halif life). The relative standard uncertainty of ¢ is negligible.

[n]  |oylox,|-(efy) = |dt]

(p] The charge coilection measurement time is determined by counting the pulses from a gated crystal-
controlled oscillator.

[q] The standard uncertainty for each undetected impurity that might reasonably be expected to be
present is estimated to be equal to the estimated limit of detection for that impurity, i.e. u(x,)ix, =
100%. |dyidx,]+(x/y) = {(response per Bq of impurity)/(response per Bq of cesium-137)}-{(Bq of
impurity)/(Bq of cesium-137)}. Thus u(y)ly is the relative change in y if the impurity were present
with a massic activity equal to the estimated limit of detection.
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[1] International Organization for Standardization (ISO), ISO Standards Handbook - Quantities and
Units, 1993. Available from Global Engineering Documents, 12 Inverness Way East, Englewood,
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2] International Organization for Standardization (ISO), Guide to the Expression of Uncertainty in
Measurement, 1993 (corrected and reprinted, 1995). Available from Global Engineering
Documents, 12 Inverness Way East, Englewood, CO 801 12, U.S.A. Telephone 1-800-854-7179.

[3] B. N. Taylor and C. E. Kuyatt, Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results, NIST Technical Note 1297, 1994. Available from the Superintendent of
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[4] National Council on Radiation Protection and Measurements Report No. 58, A4 Handbook of
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U.S.A. :

(5] Evaluated Nuclear Structure Data File (ENSDF ), September 2005.
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Instrument: LB4100-C

Calibration: Gross Alpha (Am-241) - ringed planchet
Gross Beta (Sr-90/Y-90) - ringed planchet

Date of Calibration: Gross Alpha 06/06/2015
Gross Beta 06/06/2015

Efficiency Log Files: Am241R-06/15
Sr90R-06/15

Efficiency Instrument Files: EAMO0606A-D
ESR0606A-D

Source ID’s: (Am-241 955.4095.10)
(Sr-90/Y-90 777.3020.11)

NOTE: Calibration Re-Verified 06/03/16. ka' (ﬂ\7/\20\/l

(See Supporting Documentation in Package)
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ALS

QUALITY ASSURANCE SUMN[ARQ( SHEET

ALS W.0.#/BATCH _Tnef. € Gilidpidon
TEST __BJ) esés
METHOD < £fC
SOP/REV (PREP)  —

SOP/REV (ANAL) 1Y

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

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

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

TECHNICIAN/ANALYST DATE & -4-1b
DEPARTMENT MANAGER pate /0 5[%
FORM 30216.doc (4/22/04)
433598

“sa
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Date (s l'*\ hl{

ALS

sop 724r |

Low Background Gas Flow Proportional Counter Log
Instrument: L.B4100C

Instrument Daily Response and Background Checks

Daily Response Check " Background Check " Det.
Det. Start 1 Status  Start 2 Status | Start 1 Status Start 2 Status Status
. P A P
2 [
3
4
5 ——
6
7
8
9
10
11 ~
12 (LB) oLp
13 P
14
15
16 ) A N .
Det = Detector; a = Alpha; B =Beta; P = Pass; H = High; L= Low; OL = Offline; R = Recount; W = Weekly; NP = Not Processed
Weekly Background Calibration
Current Calib. File ID Weekly Calib. Started Status File ID
Dr A BKeo520L0
DrB
DrC
DrD
Dr=Drawer -~
Gas Supply
P-10 Supply P-10 Flow
500 ] Dr A 0 ‘ ‘
Tank 1 1 DrB
Tank 2 350 Dr
» J DrD
Comments:
Page No.: 453998 A Form 78018.doc (6/23/06) Reviewed By / Datg}o G/ LI/ I 5
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SOP 724r jL

Low Backgrbund Gas Flow Proportional Counter Log
Instrument: LB4100C

EAE Count Dur. Start | Analyst Output
. Sample ID" - Batch Test (min) Time | Initials File ID Initials
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CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

68573-307
Sr-90 5 mbL Liquid in Flame Sezled Vial

This standard radionuclide source was prepared gravimetrically
From a calibrated master solution. The master solution was
calibrated by liquid scintillation counting.

1380 Seab d 3
ANALYTICS RSo#7T e Seabeard o B

Q[x/ i 1 :.{9 / oY Phone (404) 352-8677

Fax  (404) 252-2837

Radionuclide purity and calibration were .checked by germanium,

gamma-ray spectrometry and ligquid scintillation counting. The
nuclear decay rate and assay date for this source are given

below.

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

ISOTOPE: Sr-90
ACTIVITY (dps): 3.812 B4

HALF-LIFE: , 28.79 years

CALIBRATION DATE: December 2, 2004 12:00 EST
RELATIVE EXPANDED

UNCERTAINTY (k=2): 2.0%

Impurities: y-impurities <0.1%
5.05960 grams in 0.1M ECl solution with 30 pg/g Sr carxier.

This source also containg ¥-90 in secular equ:.l:.brium with Sr-%0.
The Y-90 activity is equal to the Sr-50 actlvz.tj. Since Sr-50
and Y-3%0 both decay 100% by beta emission, the total beta
emission rate for the source is twice the certified 8Sr-30
activity. The half-life for Y-90 is 64.08 hours.

P O NUMBER 71069, Item 1 .

SOURCE PREPARED BY: M  DEvwsovrge?

M. Dimitrova, Radiochemist

O L APPROVED: I — J2-6-0%
Aol - =
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Date Q‘Q)K | SOP 724r JJ

ALS
Low Background Gas Flow Proportional Counter Log
Instrument: LB4100C

Instrument Daily Response and Background Checks

Daily Response Check Background Check 1% Det.

Det, | Start] _ Status  Start2  Status | Start!  Status  Start2  Status | Status -
N 4 P = T 1
2 .
4 T

5

6 R

7

8

9

10

11

12

13

14

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

Weekly Background Calibration

Current Calib. File ID Weekly Calib. Started Status File ID :
pra | BUCOLOSO
DrB
DrC
DrD N

Dr = Drawer

Gas Supply
P-10 Supply- P-10 Flow
Y Dr A
Tank 1 D; B 0/ '
’ DrC
Tank 2 l JOD Dr D
r
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10 Project 1 5. L{DQ6 10 AM -ZLH Lad 4 Lz A
Continued from Page ' MEL 1t g i
S B B AT v R A R R IR RN IR
Prepare a working dilution of QCDS ) A’M -24 l
1. Density of | M Hel  lot# K22032
Mass of 100mL vol. flask: ol 4295, Balance # _\2
Mass of flask & 100mL acid: lo7.970ls  Balance#
Net Mass: NN
Density: l.olsd 9[de
2. Massof __ 9455 transferred:
- Mass of empty voa vial: 21.35684 Balance# (2
—w\b; Mass of voa vial & standard: . Balance# _I2
M " Net mass of standard transferred: 45,0750 - ML |,
: . : Ve
. 3. Dilute to final volume:
Mass of vial, standard, & diluent: U2. 0S4 Balance#t %
Mass of empty voa vial: 21.356%, 4- Balance# _12
Net mass of new dilution: 21,45175 5
4, Final activity calcul ti :
y calculation: | Wet ulefu
xl0751 \€> 51394 | — ol —\=
1 Ns-r3ly 2193517 z e ol
5 5 161.53% Ao .
MEL
t\ i ; 4 Wil || |
| T
1 L T ]
Stnd ID: 955.4095.10 e A , al
Description: Am-241
Expiration: 11/11/2012 Reverification Log
N Activity:  55161.33 dpm/mL Analysis Date initials  Expiration Date
ﬁi;Zs Uncertainty: 992.§0 dpm/mL
. Aef. Date: 10/25/2011
~  RefTime: NA
é,é Prep Date: 11/8/2011 Prep by: MEL
Matrix/Comp. 3M HCI '
Half Life (y): 4.33E+02 \ «,\\\\
] | ] i ! \‘{f\‘ \
i
Continued on Page
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qg 1380 Seaboard Industrial Blvd.

— . w Atlanta, Georgia 30318
& [ckert & Ziegler er p:s\/u Tel 404-352-3677

Fax 404.352-2837
Analytics

www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

— "ASY GOOUUOS YNV

85983-307
Am-241 8 mL Liquid in Flame Sealed Vial

Customer: ALS Laboratory Group / Fort Collins
P.O. No.: 73625, Item1

This standard radionuclide source was prepared gravimetrically from a master solution, calibrated by
Eckert & Ziegler Analytics. The master solution was calibrated by liquid scintillation counting. Radionuclide
purity and calibration were checked by germanium gamma-ray spectrometry and liquid scintillation
counting. The nuclear decay rate and reference date for this source are given below. Eckert & Ziegler
Analytics (EZA) maintains traceability to the National Institute of Standards and Technology through a
Measurements Assurance Program as described in USNRC Regulatory Guide 4.15, Revision 1, February,
1978, and compliance with ANSI N42.22-1998, "Traceability of Radioactive Sources to NIST." EZA is
accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this source
was produced in accordance with the HPS accreditation requirements. Customers may repoit any concerns
with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean, VA
22101.

Uncertainty* , %

Half-Life, Activity Type . Reference Date
Isotope Days (Bq) Uy Up U - (12:00 PM EST)
Am-241 1.880E+05 1.965E+04 0.1 0.9 1.8 10/25/2011

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

Comments:
Impurities: y-impurities < 0.1 %, a-impurities < 0 1 %. 5.13441 g 1M HCl solution, carrier free.

Source Prepared by: AT Ay QIO

M. I Taskaeva, Radlocherrust

—_— L,,\
QA Approved: . Date: 9—@ cct Ly

]. D. McCorvey, QA Manager Alternate \

CALIg
Rk,

CREDITEp
%o

©

Single Isotope Certificate, Rev 1 9/28/2009

Corporate Office Laboratory 242 of 329
24937 Avenue Tibbitts Valencia, California 91355 1380 Seaboard industrial Bivd. Atlanta, Georgia, 30318
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CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

69573-307
Sr-90 5 mL Ligquid in Flame Sealed Vial

This standard radionuclide source was prepared gravimetrically
from a calibrated master solution. The master solutlon was
calibrated by liquid scintillation counting.

Radionuclide purity and calibration were .checked by germanium.

gamma-ray spectrometry and ligquid scintillation counting. The
nuclear decay rate and assay date for this source are given
below.

ANALYTICS maintains traceability to the Natiomal Imstitute of
gtandards and Technology through Measurements Assurance Programs
as described in USNRC Reg. Guide 4.15, Revision 1.

ISOTOPE: Sxr-20

ACTIVITY (dps): 3.812 B4

HALF-LIFE: . 28.79 years

CALIBRATION DATE: ' De:cember 2, 2004 12:00 EST
RELATIVE EXPANDED

UNCERTAINTY (k=2): 2.0%

Impurities: y-impurities <0.1%
5.05960 grams in 0.1M HC1l solution with 30 ug/g Sr carrier.

This source also contains ¥-90 in secular eguilibrium with Sr-350.
The Y-90 activity is equal to the Sr-90 activity. Since Sr-90
and Y¥-90 both decay 100% by beta emission, the total beta
emission rate for the source is twice the cextified Szr-90
activity. The half-life for ¥-90 is 64.08 hours.

P O NUMBER 71069, Item 1
t Y :."
SOURCE PREPARED BY: A @«W\«j&\(ﬁ\(‘ﬁ

M. Dimitrova, Radiochemist

Q A APPROVED: 191} [’L?:—? /2-6-0%

ANALYTICS RSO ETT
, % Fax  (404) 3522837

Phone (404) 352-8677
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