Paragon Analytics

Radiochemistry Case Narrative
Tritium

Cordilleran Compliance Services, Inc.

Rulison Area Well Monitoring
PA WO 0811110

This report consists of the analytical results and supporting documentation for two water samples
received by Paragon on 11/14/2008.

These samples were prepared according to procedure PA SOP700R10.

The samples were analyzed for the presence of tritium according to procedure PA SOP704R9. The
analyses were completed on 11/23/2008.

The analysis results for these samples are reported in units of pCi/L.. The samples were not filtered
prior to analysis.

In the analysis of the raw data, “Window 2” is monitored for high-energy beta contamination. Sample
0811110-1 had a “Window 2” count rate slightly above the upper control limit of 41.58 cpm
established from calibration on 11/22/2008 through 11/23/2008, at 42.01 cpm. The sample had
observed activity at a level below the achieved MDC. Thus, the data quality is believed to be
unaffected and the results are submitted without further qualification.

No further anomalous situations were encountered during the preparation or analysis of these samples.
All remaining quality control criteria were met.

The data contained in the following report have been reviewed and approved by the personnel listed below.
In addition, Paragon Analytics certifies that the analyses reported herein are true, complete and correct
within the limits of the methods employed.
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 1

CHAIN OF CUSTODY



ALS Paragon

Sample Number(s) Cross-Reference Table

Paragon OrderNum: 0811110
Client Name: Cordilleran Compliance Services, Inc.
Client Project Name: Rulison Area Well monitoring
Client Project Number:
Client PO Number:

Client Sample Lab Sample | COC Number | Matrix Date Time
Number Number Collected | Collected
A11-15D 0811110-1 WATER  13-Nov-08 8:40
A11-15B 0811110-2 WATER  13-Nov-08 8:30
Page 1 of 1 ALS Paragon

LIMS Version: 6.213A Date Printed: Friday, December 05, 2008
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CONDITION OF SAMPLE UPON RECEIPT FORM Paragon Analytics
Client: (’0"‘:{'\ Llierac Workorder No: O &/t 1l O
Project Manager: S Initials:  P— Date: //~¢ ¢~ a_&/—

i. Does this project require any special handling in addition to standard Paragon procedures?

Are custody seals on shipping containers intact?
Are Custody seals on samplé containers intact?

-~Is_fhere a COC (Chain-of-Custody) present or other representative documents?

'Are the COC and bottle labels conhplete andrl_egiibl;:? -

Is the COC in agreement with samples received? (IDs, dates, times, no. of samples, no.
of containers, matrix, requested analyses, etc.)

3:-|y.;.x=.;v,;...)i
: U i

7. Were airbills / shipping documents present and/or removable? DROP OFF, @
8. Are all aqueous samples requiring preservation preserved correctly? (excluding volatiles) N/A
9. Are all aqueous non-preserved samples pH 4-9? N/A

10. Is there sufficient sample for the requested analyses?
1. Were all samples placed in the proper containers for the requested analyses?

12. Are all samples within holding times for the requested analyses?
15. Were all sample containers received intact? (not broken or leaking, etc.)
14. Are all samples requiring no headspace (VOC, GRO, RSK/MEE, Rx CN/S, radon) ‘

N/A
headspace free? Size of bubble: \/ < green pea > green pea .

' Do perchlorate LCMS-MS samples have headspace? (at least 1/3 of container required) /{y :

16. Were samples checked for and free from the presence of residual chlorine? | ;
(Applicable when PM has indicated samples are from a chlorinated water source; note if field preservation | - YES © NO
with sodium thiosulfate was not observed.) { e

17. Were the samples shipped on ice? ' ) ; C% . NO

o - Rab o (ypd i

18. Were cooler temperatures measured at 0.1-6.0°C? IR gun used*: éz/ #4 " ONLY . NO

Cooler #:
Temperature (°C): _ 3¢ "/

No. of custody seals on cooler: {
DOT
ISurvey/ External uR/hr reading: 1Y
Acceptance 4
nformation Background pR/hr reading; { S
Were external pR/hr readings < two times background and within DOT acceptance criteria?/ YES /NO / NA (I no. see Form 008.)

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

Houclpace botlle * ED1,23.6,.9 B

# 2 - L.z .

— I \ o = e

_Slwme /_(9 vr in_ 15 o -li@;_%anu_ 7 )

Vd

If applicable. was the client contacted? YQ/ NO/NA Contact: y / 3/ H‘.')( Date/Time:

Project Manager Signature / Date: (ot / [9’/ 0f
[/ K

*IR Gun #2: Oakton. SN 29922500201-0066 *IR Gun #4: Oakton. SN 2372220101-0002

Form 201121.xls (7/30/08) 3 5
Page 1 of L



CONDITION OF SAMPLE UPON RECEIPT FORM Paragon Analytics

Client: (*a»cﬁ‘& f,\( i Workorder No: dg ]I O
Project Manager: L S Initials: X Date:_/// 70U

Additional Information:

~)

Was the laboratory directed to proceed with the analysis of any samples yielding the presence of residual chlorine? YES/ NO / NA

NOTE:
No pH adjustments shall be made without prior consent of Project Manager. After pH adjustments, hold metals

and radchem samples > 24 hrs. before analysis.

Was the pH of any sample adjusted by the laboratory? YES (Sec Table below) / NO

pH Excursion:
. - . v Lot No. - ,
Paragon Sample ID Client Sample ID | Initial pH | Final pH R;:i:m » d:g"('r':u g::‘;n‘t’f R:::;';d Initials / Date / Time
- (-re 7 | 1.6 |%| lul & vk 108
~ 1) l |
-/ |
- 1-17 /
©2-12 [ 1]
-2 % I I
- 2-10 [ |
-2- (7 4 L o \J’ V/
If applicable, was the client contacted? YES / NO / NA Conta% / Date/Time:
Project Manager Signature / Date: | (/ {7 / os

Form 201r20.xls (12/27/07) b > o 2
age _ £0o1__ <€ 6



ORIGIN ID: GJTA (970) 270-2986 Snip Date: 13NOVEB

TIM DOBRANSKY Actigt: 20.0 LB MAN
CORDILLERQN COMPLIQNCE SERVICES, IN System#: 3800B2/CAFE2358
826 21 1/2 R Aceount : S 235727234
GRAND JUNCTION, CO 81505
UNITED STATES Us Al
To /’:" (eom 443-1511
PARAGON ANALYTICS /7 FedEx
X
225 COMMERCE DRIVE —
: N
3
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 2

SAMPLE RESULTS
SUMMARY
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 3

QC RESULTS
SUMMARY
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Tritium Analysis By Liquid Scintillation

PAIl 704 Rev 9
Method Blank Results

Lab Name: ALS Paragon
Work Order Number: 0811110
Client Name: Cordilleran Compliance Services, Inc.
ClientProject ID: Rulison Area Well monitoring

Sample Matrix: WATER

Prep SOP: PAI 700 Rev 10
Date Collected: 20-Nov-08
Date Prepared: 20-Now-08
Date Analyzed: 22-Nov-08

Lab ID: 3H081120-1MB

Prep Batch: 3H081120-1 Final Aliquot: 10.0 ml
QCBatchlD: 3H081120-1-3 Result Units: pCift
Run ID: 3h081120-1x File Name: Manual Entry

Count Time: 120 minutes

CASNO Target Nuclide Result +/- 2 s TPU MDC Requested | Lab Qualifier
MDC
10028-17-8 H-3 -130 +- 180 300 400 U
Comments:
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.

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.

Data Package ID: H30811110-1

TPU - Total Propagated Uncertainty (ses PAI SOP 743)
MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit

Date Printed: Friday, December 05, 2008 ALS Paragon Page 1 of 1
LIMS Version: 6.213A

11



Tritium Analysis By Liquid Scintillation
PAI 704 Rev 9
Laboratory Control Sample(s)

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS Paragon
0811110

Cordilleran Compliance Services, Inc.
Rulison Area W ell monitoring

Lab ID: 3H081120-1LCS Sample Matrix: WATER Prep Batch: 3H081120-1 Final Aliquot: 9.90 ml
Prep SOP: PAI 700 Rev 10 QCBatchID: 3H081120-1-3 Result Units: pCi/l
Date Collected: 20-Nov-08 Run ID: 3h081120-1x File Name: Manual Entry
Date Prepared: 20-Nov-08 Count Time: 120 minutes
Date Analyzed: 22-Nov-08
CASNO Target MDC Spike Added % Rec | Control Lab
Nuclide Results +/- 2s TPU Limits | Qualifier
10028-17-8 H-3 12400 +- 1900 300 13000 94.8 85-115 P
Comments:
Quallfiers/Flags: Abbreviations:
U -Resultis less than the sample specific MDC. TPU - Total Propagated Uncertainty {see PAI SOP 743)
LT - Result is less than Requested MDC, greater than sample specific MDC. MDC - Minimum Detectable Concentration (see PAI SOP 708)
Y1 - Chemical Yield is in conirol 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: H30871110-1
Date Printed: Friday, December 05, 2008 ALS Paragon Page 1 of 1

LIMS Version: 6.213A
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Tritium Analysis By Liquid Scintillation
PAI 704 Rev 9
Matrix Spike Results

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS Paragon
0811110

Rulison Area Well monitoring

Cordilleran Compliance Services, Inc.

FieldID: A11-15D Sample Matrix: WATER Prep Batch: 3H081120-1 Final Aliquot: 9.90 ml
LabID: 0811110-1MS Prep SOP: PAI 700 QCBatchlD: 3H081120-1-3 Prep Basis: Unfiltered
: Date Collected: 13-Nov-08 Run ID: 3h081120-1x Moisture{%): 100.000
Date Prepared: 20-Nov-08 Count Time: 120 minutes Result Units: pCil
Date Analyzed: 23-Nov-08 Report Basis: Unfiltered File Name: Manual Entry
CASNO Target Matrix Sample MDC Spike % Rec | Control Lab
Nuclide Spike Resuits Added Limits | Qualifier
10028-17-8 H-3 12200 -50 300 13000 94.2 85- 115 P
Comments:
Qualifiers/Flags: Abbreviations:

U -Resultis less than the sample specific MDC.

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

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

Y2 - Chemical Yield outside default limits.

N - Matrix Spike Recovery outside contro! limits
P - Matrix Spike 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: H30811110-1

MDC - Minimum Detectable Concentration (see PAI SOP 709)

Date Printed: Friday, December 05, 2008 ALS Paragon

LIMS Version: 6.213A

Page 1 of 1
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 4

INDIVIDUAL
SAMPLE RESULTS
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Tritium Analysis By Liquid Scintillation

Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

ALS Paragon
0811110

PAI 704 Rev 9
Sample Results

Cordilleran Compliance Services, Inc.
Rulison Area W ell monitoring

FieldID: A11-15D Sample Matrix: WATER Prep Batch: 3H081120-1 Final Aliquot: 10.0 mi

Lab ID: r— Prep SOP: PAI 700 Rev 10 QCBatchID: 3H081120-1-3 Prep Basis: Unfiltered

- Date Collected: 13-Nov-08 Run ID: 3h081120-1x Moisture(%): 100.000
Date Prepared: 20-Nov-08 Count Time: 120 minutes Result Units: pCi/l
Date Analyzed: 23-Nov-08 Report Basis: Unfiltered File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested | Lab Qualifier
MDC
10028-17-8 H-3 -50 +- 180 300 400 U
Comments:
Qualifiers/Flags:
U -Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside default limits.
LT - Result is less than Requested MDC, greater than sample specific MDC.
M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

M - The requested MDC was not met.
Abbreviations:
TPU - Total Propagated Uncertainty (see PAI SOP 743)
MDC - Minimum Detectable Concentration (see PA! SOP 709)
BDL - Below Datection Limit

Data Package ID: H30811110-1

Date Printed: Friday, December 05, 2008 ALS Paragon Page 1 of 2

LIMS Version: 6.213A
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Lab Name:

Work Order Number:
Client Name:
ClientProject ID:

Tritium Analysis By Liquid Scintillation

PAI 704 Rev 9
Sample Results

ALS Paragon

0811110

Cordilleran Compliance Services, Inc.
Rulison Area Well monitoring

Field ID: A11-15B Sample Matrix: WATER Prep Batch: 3H081120-1 Final Aliquot: 10.0 mi
i ID: rryvv—— Prep SOP: PA! 700 Rev 10 QCBatchID: 3H081120-1-3 Prep Basis: Unfiltered
2 Date Collected: 13-Nov-08 Run ID: 3h081120-1x Moisture(%): 100.000
Date Prepared: 20-Nov-08 Count Time: 120 minutes Result Units: pCifl
Date Analyzed: 22-Nov-08 Report Basis: Unfiltered File Name: Manual Entry
CASNO Target Nuclide Result +/- 2 s TPU MDC Requested | Lab Qualifier
MDC
10028-17-8 H-3 30 +/-180 300 400 U
Comments:
Qualifiers/Flags:
U -Resultis less than the sample specific MDC.
Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.
Y2 - Chemical Yield outside dsfault limits.
LT - Resultis 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 (see PAl SOP 743)
MDC - Minimum Detectable Concentration (see PAI SOP 709)
BDL - Below Detection Limit
Data Package ID: H30817110-1
Date Printed: Friday, December 05, 2008 ALS Paragon Page 2 of 2

LIMS Version: 6.213A
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 5 6

RAW DATA
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SEC

o [ i e
USER 13 ' COMMENT s LS&ROO
FREGET TIME = 120,00
DaTE CALC H LEM H# 1 YES
COUNT BLARE & NG ICH & NO
TWO PHASE H MO ARC & MO
SCINTILLATOR: LIGUID LUMEX: NO
LOW LEVEL B YES  MALF LIFE
CHAN: 100.0 = 3Z20.0 YERROR: 1.735
CHAM: 380,00 - 9920.0 Y%ERROR:Z20.00
SAaM. 08 . TUIME M e R
NO FIT GCEM ZERROR
— 1 EE~1 L20.00 147.6 & 50 5,92
D AT L0 147 .0 ?.41 5.95
B ORE-I 120,00 14746 435,36 2al7
A EEe-q 120,00 149.0 1. 11 S5.74
H 3I3-5  LE0.00 148.1 naE7 aedd
& AF-4  L20.00 148.6 25.47 .07
7 EE~7  L20.00 147.8 LIl 5.46
- B EI-8 L[20.00 147.7 b7 5,687
B EE-9 Bh . B0 148.0 2RG . Ph 1.78
10 Z3E-10 120,00 147.%9 91,43 1.91
11 FE-11 120.00 144.0 P32 5,98
12 E3-12 1206.00 144.8 &G4 2.29

FACTOR
FACTOR

SAMPLE REFEATS:
REFLICATES H
CYCILE REFEATE =
LOW S4MPLE REJ:
CORRECTIONM DATES:

1.000000 BRB. SUB:

1.000000 BRE. SUB:

i Sl ok it

OEM YERRDR
9,67 0 2.50
I9.EZ R.F0
41,0%  2.85
40,70 2.8
40,5 R2.87
41,7258 2.83
41,09 2.85
40,46  2.87
40,97  4.15
41.1%  2.85
42,01X 2.82
39,97 2.89

22 NOV

FAGE: 1

2008 0Bs4d7

FRINTER : BTD
REDTE : OFF
DISK s OFF
rnane

L LIMEX

QL3
0. 04
o )
002
0,08
0.0%
0.0
0.02
0 . O
Dl
0. 02

0,01

Xpwoue UL oF HL58B,

ne

u[iﬁ;ﬁpg

4864 .0
&07 .59
729.13
820,46
F72.18
LO30.04
11%1.57
1273, 10
L2394 .62



Ths HE— L0 Mo GEID. 2% NOV

USER: 13 COMMENT & LE&RO0

FRESET TIME & 126,00 .

DaTa Calc ] CFM :YES  SAMPLE REFEATS: 1 FRINTER

COUNT BLANE 3 ND ICH# s NO  REFLICATES H 1 RS2

TWD FHASE u NO  A&GC r NO CYCLE REFPEATES 5 1 DIk

SCINTILLATOM: LIRAUID LUMEX: NO LOW SAMFLE REJ: ¢

LOW LEVEL ] YES HALF LIFE CORRECTION DATE: nane

CHAaN: 100.0 - 320,00 YERROR: 1.75% FACTOR: 1.000000 RBREG. SUR: ]

CHaN: IBO.0 — 990.0 %ERROR:ZO0.00 FACTOR: 1000000 REG. SUE: 0

Bak .. BOS . TIME o MM . e TS S Y LAIMEX  ELAPSED
[\{[x] MIN GEM AERROR LEM AERROR % TIME
1 37-1 120,00 137.8 @ &8 &S.87 L XL 2.90 .02 121 .43
2OEF-D 120,00 147.5 B.98 & 09 aY. bl 2.90 OL 02 2A2.94
BOIV-3 0 OL20.00 1446.% weeu .28 9. 58 2.70 Ol 364 .47

- 4 FZF-4 120.00 147.7 Q. 4b 0,94 w41 2.71 (It 484 .02

FagE s

W‘d%

Q&Z’

AN

L

2008 OB:S7

s STD
 OFF
OFF
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PARAGON ANALYTICS
Radiochemistry Data Package

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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PARAGON ANALYTICS
Radiochemistry Data Package

Section 7

LABORATORY
BENCH SHEETS
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SAMPLE CONDITION FORM (LIQUID)

ANALYST: (DL

ANALYSIS DATE: /[-20-O8

METHOD: St

SAMPLE CONDITION

WORK SAMPLE
ORDER ID | pH Color Remarks
o8l (15 | B 'éiéw I, sediment
sne13 |4 | b | dear non 2
7 [
q
I
13
j 15 L &
Biio | L | d | e e cediment
[ 1zo [t 1

~

—

/

—

m\ﬁm

O
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- supie Norper | | Tk | Ram Comments e
[FIZ68 | 01103414 & | T1¢ | 2. | 3He3117 - | Goe
| Mg B 29 | |
oBljes2 ~ (| | € | T7e
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AR T17
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 8

STANDARDS
TRACEABILITY
DOCUMENTS
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{%3 Rational ihtstltute of étanharhz & @echnology
. Certificate . 7719 ,f_gif,% .

Standard Reference Material 4927F
“Hydfogén-3- Radicactivity ‘Standard = =

L e c«'

Thrs Standard Reference “Material (SRM) consrsts of radroaclrve hydrogen—B as Water in5 ‘L of distilled
water. The solution is contained in a flame-sealed NIST borosilicate-glass ampoule. “The SRM is intended
for the calibration of beta-particle counting mstrumenrs and for the rnonrgprmg of radiochemical procedures.

eim | Sl s YR
FELPI-C R 1 Wl w Bl

Radiological Hazard

The SRM ampoule contams hydrogen-S wrth a total acuvrty of approxlmately 3.2 MB4."Hydrogen-3 decays
by, beta-particle emission. None of the beta particles escape from the SRM zmpoule During ‘the decay
process no photons are emitted. Approxrmate umshielded dose rates at several distances (as of the reference
time) are given in note [a]*. There is no detectable external radiation. The SRM should be used only by

persons qualified t to.handle radloacuvematenal. 2 L.mE . e
= =R “'W"kChemlcal azard,

L W3R Wt et . L - o (335 220
The SRM ampoule contains only distilled water. There is no chemical hazard. If the ampoule is to be opened
to fransfer the soluuon, the recommended procedure is grven on page 2. o
Storage and Handling ~ © ~ ©

The SRM should be stored and used at & temperature between 5 and 65 °C. The solutlon m an unopened
ampoule should remain stable and homogeneous lmtﬂ at Jeast September 2008. ;

The ampoule (or any subsequent container) should aiways be clearly marked as contaifiing*Fadicactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicatle national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) because of the radioactivity.

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, LR. Karam, Group Leader. The overall technical direction and physical measurements
leading to certification were provided by L.L. Lucas and M.P. Unterweger of the Radjoactivity Group.

The support aspects involved in the preparation, certification, and issuance of this SRM were coordinated
through the Standard Reference Materials Program by J.W.L. Thomas.

- Bert M. Coursey, Chief
- Ionizing Radiation Division

Gaithersburg, Maryland 20899 ' Nancy M. Trahey, Chief
June 1999 Standard Reference Materials Program

Half-life and text revised October 2000

SRM 4927F, page 1 of 6 “*Notes and references are on pages 5 and 6,
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1) I the SRM solution is to be diluted, it isTecommended that the diluting solution have a composition
comparable to that of the SRM soluuon

2)  Weareye protection, gloves, and protecnve clothing and work.over a tray with absorbent paper in it,
Work in & fume hood. .

3) | Shake the ampoule to wet all of the inside surface of the ampoule Return the ampoule to the
upright position. o .

4)  Chedk that all of the hqmd has drained otit of the neck of the atnpoule. If necessary, géntly tap the’
neck to speed the process. .

5)  Holding the ampoule upright, score the narrowest paIt_of the neck with a scribe or diamond-pencil.

6)  Lightly wet the scored line. This reduces the crack propagatlon velocity and makzs for a cleaner

7 Hold the ampoule upnght with a paper towel, 1 a wiper, ora suppoxt jig. Position the scored line away
from you. Using a paper towel or wnper to avoid contamination, snap off the top of the ampoule by
pressing the na.n'owest part of the neck” away from you while pulling the tip of the ampoule towards
you. )

8)  Transfer the solution from the ampoule using .2 pycnometer or 2 pipet iviﬂi ‘dispenser handle.
NEVER PIPETTE BY MOUTH. .

9)  Seal anmy vnused SRM solution m a flame-sealed glass ampoule, .if possible, to minimize the
‘evaporation loss. e 4 ) .

See also reference [4]*.. )
' .’);:
SRM ~ti92;ll-‘, page 20f6 : “*Notes and references aré on pages 5 and 6.

Recommended Procedure for Opening the SRM Ampoulé
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PROPERTIES OF SRM 4927F R

_ Certlﬁed valnes S '
Ty 4

| (@ 99‘8&10'.002);g.‘lﬁ-‘u‘*afzw;c [B]* T

i S(;i.l‘lﬁon d'éns_'lty,
Raﬂionnclide -5 ) " Y aar Hydrogen"s
1l Reference time ,‘ .+ | 1200 EST, 3September21998 ~ i
l;asmc*actlvity of the solution [c] 6347 kBgeg? o . i D o L mi mm
| Retative expanded wucertainty =2) | 072% [aife] . C. i T

— . - _ Uncertified values o e
i =y

Phymc;.leperUes U S
S Liquid in flame-sealed NIST borosilxcate-glass ampoule
_Ampoule specifications |  Body outside diameter (165 % 0 5) mm

) ' . . Wall Thickness ™~ ."_" (060 —'01)4)"’1?151‘ S
? ’ L. Barium content o “*Lessthan 2.5% v
Lead-oxide content “* 7 Less than 0.02%

i Source déscription

S sedtl

! o ) Other. heavy elements .. Trace quantities ,
1 Sciution mass Appriiiimately50g” N A
2 i S B

I Chemical Properties: . ~ , ) o
Séiafion composition =" |"  Cheitical * | Concentfation Miass Fraction
oa, “ Formuls ' - (mol-L™) 1 odgeg™)

H,0 ' 55 £ D

e T AR

Radlologlcal Propertles
Radionuclidic impurities None detected [f]
] Half lives used Hydrogen-3: (4500 + 8) d [g] - L
4zB gas counting of SRM 4927E using the NIST length-
compensated internal gas proportional counters and

intercomparison of SRMs 4927E/4927F using two 4n8 liquid-
scintillation counting systems [h]

Calibration method and measuring
instrument(s)

SRM 4927F, page 3 of 6 *Notes and veferences are on pages 5 and 6.



EVALUATION OF THE UNCERTAINTY OF THE MASSIC ACTIVITY [d]*

Relative Expanded Uncertainty of the Output Quantlty, Ub, (%)

.. Input Quantity x;, _ Method Used To Evaluate u(x), Relative Relative Relative
the source of uncertamty | ‘the standard uncertainty of x; Uncertainty | Sensitivity | -Uncertainty "
(A) denotes evaluationby ‘Of Input | _Factor,- | Of Output
(and indmdua] statistical methods ‘Quantity, |ay/ax, |~ Quantity,
uncertainty components (B)-denotes evaluation by ), &5 u,(y)/y, ]
* where appropriate) -~ other methods (%) [il [il (%) [k]
Massic count rate of | Standard deviation of the mean 018 - ). 1.0. 0.18.. h
SRM 4927E, corrected = | for 23 sets of gas counting 1 R
for background and _| measurements (A) :
decay [h]
Gram-mole Estimated (B) 0.20 1.0 0.20
memlrements
1| Live-time o] Estimated (B) 0.10 1.0 010 .
Extrapolation of ._.].::"'.sl':ima'ted B). 0.20 1.0 | 020
count-rate-versus-energy | - - = ‘
to zero energy ..
Half life of H-3 ;| Standard uncertainty " 018 0.009 0.002
' .of the half life (4) © ] [n]
Liquid-scintillation =~ | Standard deviation of the ziean 0.06 1.0 0.06
intercomparison of SRM | for 7 sets of liquid-scintillation. :
4927F and SRM-4927E | measurements (A) - - 1
Radionuclidic-impurities —- Limit of detection (B) [d] - 100. 00005 | 005
Relative Combined Standard Uncertainty of the Output Quantity, #(/), (%) 036
Coverage Factor, k . x2
0.72 -

SRM 4927F page 4 of 6 .

*Notes and references are on pages 5 and 6.
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(2]

[b]

[d]:

[el.

[f]
]

i

[, - . -

 The estimated limit of dsféction for radioniéfidic impirities is 300 Bq+g™,

. NOTES |

The Sievert is the SI unit for dose equxvalent See re’ference [1] 'One uSv is equal to 0 1 mrem
“Distance from Ampoule (cm): 1" 30 °100 T
Approxlmate Dose Rate. (#Sv/h),E, - <':0.:1 (_Not detectgb}g) .

......

See reference [1] v om o _";,,; : - A

The reported value, y, of massic actmty (activity per .unit mass)_ at‘the reference time was not'_

measured dn'ectly but was derived from measurements and calculations of dther’ gnanutles "This can
be expressed asy = fix;, X %3, . % x,), where f is a mathiématical function deriveéd from the dssumed

model of the measurement process.

The_value,.x;,, used for each input quannty i has.a standard uncel:talnty u(x;), that generates 2

correspondmg uncertainty in , u,(v) = Iay/ar,[-u(x,) cilled a component of combined standard

uncertainty ofy R

a% T T

d . 2k R ' s

of,_.th%:s'quares

The combined standard uncertainty i mulhphed by a coverage ‘factor of k = 2 to obtain U, the
expanded uncertainty of y.

Since it can be assumed that the possiblehesﬁm;ted values of the massic activity are appruximately
normally distributed with approximate standard deviation u.(y), the unknown .value of the massic
activity is beheved to ‘Tie in the mterval ly U w1ﬂ1 J'evel of ¢ 'vnﬁdence of approx:mately  percent.

Far further information on the expression of uncertainties, s66 references [2] and [3].

The value of éach standard uncertamty component and hencc: the valus of ‘the expaniier‘l unceﬂamty
xtself is Y ‘best estlmaté ased upon ‘all available 1n_f rmatmn,. ut is only approxtmately known. That
is to say, the “uncertainty of the uncertainty" is large and mot well known. This is true for
uncertainties evaluated by statistical methods (e.g, the relative’ standard devidtion of the*standard

deviation of the mean for the massic response is. approzimately 50%) and for uncertainties evaluated

2

by other methods (w]:uch could easily be over estimated or under estimated by substantial arounts). -

The unknown value of the expanded u.ncertmnty is, beheved tolle in the mterval U2to 2U (1 e, within
a factor of 2 of the estimated vilue).

' The stated tincertainty i the standard uincertainty. See refersfice 5},

Extensxve gas-counhng measurements weie made on tie SRM 49278 solution durmg 1998 and 1999.
The SRM 4927F solution was intercompared with the SRM 4927E sclution using liquid-scintillation

. counting,

Relative standard uncertainty of the input quantity ;.

SRM 4927F, page 5 of 6
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i

19

[m]

[n]

fpl

[a]

[1]

12

3] .

4]

3]

The relative change in the output quantxty y dmded by the relative change in the input quantity,.
If | 3y/a% |+ (x/y) = 1.0, then a 1% change inx, results in a 1% change iny. If ]ay/ax,l (/) = 0.05,
then a 1% change in x; results in a 0. 05% change in y. _

Relative component of combined standard uncertainty of output quantityy, rounded to two significant
figures or less. The relative component of combined standard uncertainty of y is given by w,(y)y =
|ay/a, | w(x)ly = |y/ar| *@) * (). The numerical values of u(x)f;, |8y/8x | (), and u(}h,
all dimensionless quantmes are listed in columns 3, 4, and 5, respect:vely Thus, the value in column
5 is equal to the value in column 4 multiplied by the value in column 3. The mput quann'aes are
independent, or very nearly so. Hence the covariances are zero or negligible, * °

The relative standard uncertdinty of A+¢'is determined by the relative standird uncertainty of A (ie.,

" of the half hfe) The relative standard uncertainty of ¢ is neghglble

|By/am;| = (ey) = [Nt
The hve time is detenmned by countmg the pu’.lses froti a gated crystal-oontroﬂed osclllator

The standard uncertainty for each undetected 1mpunty that might reasonably be’ expected to be

_present is estimated to be equal to the estimated limit of detection for that impurity, ie. u(x)k =
"100%. Iay/a\:,} (xdy) = {(zesponse per Bq of mpunty)/(response per Bq of H-3)}{(Bg of

nnpurlty)/(Bq of H-3)}. Thus u(y)/y is the relative change in y if the impurity were present with a

. massic activity equal to the esnmated limit of detectlon

REFERENCES

" International Orgamzauon for Standardlzanon (ISO) ISO Standards Handbook - Quanlztzes and Units,

1993. ‘Availablc from the American Nahonal ‘Standards Institute, 11 West 42nd Street, New York,
NY 10036 US.A. 1-212-642-4900

A

Internatlonal Orgamzatlon for Standa.rdxzatlon (ISO), Guide to the Ezpresswn of Uncertainty in

. Measurement 1993, Available from the 'American National Standards’ Institute, 11 West42nd Street, ‘
.New York, NY 10036, U.S.A, 1-212-642-4900 (Listed under ISO miscellaneous pubhcatlons as "ISO

. Guide to the E@ressmn 1993".)

P N, Taylor and C. E, Kuyatt, Guidelines for Evaluating and Expressing the Uncertamty of NIST
ideasurement - Results, NIST Technical Note 1297, 1994. Available ‘from the Supenntendent of

Documents, U.S. Government Printing Office, Washmgton, DC 20407 USA. |

National Council on Radiation Protection and Measurements Report No. 58, A Handbook of
Radioactivity Measurements Procedures, Second Edmon, 1985. Availzble from the National Council
on Radiation Protection and Measurements, 7910 Woodmont Avenue, Bethcsda MD 20814 U.S. A

LL. Lucas and M.P. Unterweger, Comprehensive Review and Critical Evaluauan of the Half-Life of

- Tnitium, J. Res Natl. Inst. Stand.’ Technol 105 541-549 (2000)

SRM 4927F, page 6 of 6
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PARAGON ANALYTICS
Radiochemistry Data Package

Section 9

ADDITIONAL
SUPPORTING
DOCUMENTATION
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Liquid Scintillation Counter
Instrumentation Calibration

Initial Efficiency Calibration
Standards Traceability
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10-mI Tritium Efficiency Calibration LS6500
10 mL sample + 10 mL Ultima Gold LLT

8/27/2008

LS6500

Standard used: 699.2613.19

- 94000.71 dpm/ml as of 9/3/1998
121ife= 123E+01 yrs.
current activity=  53558.31 dpm/ml
volume = 01961 ml
Average Spike Activity= 10501.61 dpm

Sample ID WIND1 cpm WIND2 cpm % LUMEX B#
0723514-10LCS 2156.23 44.10 0.00 143.8
0723514-11LCS 2096.00 47.36 0.00 144.8
0723514-12LCS 2093.28 3952 0.00 144.6
0723514-07MB 9.43 42.44 0.02 144.8
0723514-08MB 9.77 . 40.97 0.01 143.8
0723514-09MB 9.43 41.48 0.01 1442
average LCS=  2115.17 41.63 0.01 1443 averages .
average bkg= 9.54

net cpm= 2105.63 WIND2 cpm %LUMEX H#

/known dpm=__10501.61 44,13 5.00 159.3 UCL

39.13 0.00 129.3 LCL

efficiency= 02005 See Tech, Mgr. | See Tech. Mer. Std. Addition | Corrective Action

Instrument Technician:

Signature & Date

oy Rvio @\]o whtbee  4lslos

§igoature & Date

RAINSTILSC\LSBS00\CALIBRATIONS\SINGLE POINT\2008\08.27.08_EFF_H3-10mL.XLS_EFF CAL.
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T s HZ=—

USEFR: 13

FRESET TIME

DATA CALD

COUNT ®RLANIE

TWO FHASE

ez em 43 o=m

SCINTILLATOR:

LOW LEVEL

CHAN
(MR EH
SaM FOS
MO

R I (BN B T - L
o
~J
i
]

100,
ZBO.

: YES HALF LIFE
0 - I20.0  AERROR: 1.79
0 - 990.0 UERROR:20,00

TT ME
MIN

FR.00
75 .00
TE.LOD
S 10
&.25
Ga.20
FE, 00
F3.00
7E.00
7oL G0
Fh O
FA N ale]

J e

=il _—

75,00

CFEM

MO

(1]
LIGJID

ol

i44.8
14%.8
144 .2
143.8
144.8
144.4
144.7
144.4
145.0
1i45.6
145.0
144 .2

He
ICH#H =
ARc =
LUMEX &

— A T,

LM

G oA
.77
2.4%
2156. 2%
2096 .00
2093 .26
Dak7
.44
10,01
54.75
o, B

54 .84

3\5 g{ 28{0%

1 YES

SIECT o
COMMENT e LS& 500

nNO
O
NO

AEREIR

7. 52
7. E9
7.0
L.74
1.75
1.75
7. bd
7,528
7 .30
Fa.12
B lE
.12

FACTOR 2
FACTOR =

SAMFLE REFEAT
REFLICATES
CYCLE REFPEATE &
LOW SAMFLE REJ:
CORRECTION DATE:

Sy

e e

o~
[}

1 . GOOO00
1 o GOOO00

1 Y o

27

I

FRINTER

REEIE

DISE

rnane

BEG. SUB:
Sk

BEG.

LLIMEX

LEM

42 .44
40.97
41.48
44,10
47 o &
39,92
41.17
41.17
41.83
41 .84
4G, 64
41.89

AERROR

.54
Z.61
.97
i2.17
11.62
12.73
3.60
Fab0
F.97
F.97
PO

.87

%

G, 02
0.01
G, 0l
Y
0. 00
O, 0
0,032
G, 0l
Q.01
.0l
.l
0.01

AUE 2008
]
8]

ELAFSED
T IME

76,08
152.26
228.42
238,17
247,11
249,02

== BT
e 20

401.38
477 .56
03E.74
&2F .94

FObH. 13

1159

5TD
OFF
OFF
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(E pational Fustitute of Stands & Technology
%?a%*f LS \ M 99
- Certificate -~ 77,2 ~

S-07-0%
Standard Reference Material 4927F
Hydrogen-3 Radioactivity Standard

This Standard Reference Material (SRM) consists of radinactive hydrogen-3, as ﬁtm, in 5 ml of distilled
water. The solufion is contained in a flame-gsealed NIST borosilicate~glass ampoule. The SRM is-intended
For the calibration of beta-particle counting instroments and for the manitoring of xadiochemical procedures.

Radiological Hazard

The SRM ampoule contxins hydrogen-3 with a total activity of approximately 3.2 MBqg. Hydrogen-3 decays
by beta-partici¢.emission. Nome of the beta particles escape from the SRM amponle. During the decay
pracess no photons are emitted. Approximate unshiclded dose rates at several distances (as of the reference
time) are given in note [a]*. Thers is no detectable cxternal radiation. The SRM should be used only by
persons qualified to bandle radioactive material, .

Chermical Hazard

The SRM ampoule conteins only distilled water. There is 1o chemical hazaxd. If the ampoule is to be opened
o tramsfer the solption, the recommended procedure i given on page 2 .

Storage and Handling

The SRM should be stored and nsed at a temperature between 5 and 65 °C. The solotion in an tnopened
amponle shonld remain stahle and homogeneons tntl af Jeast September 2008, .

. The ampoule (of amy subsequent comtainer) should always be clearly marked as contzining redicactive
material. Xf the ampoule is transported i shomld be padied, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regniations. The solntion in the ampoule is = dengerons
good (hezardons material) becanse of the radioactivity. . .

Preparation
This Standerd Reference Matexial was 'pIepa:red in the Physics Laboratory, Ionizing Radiation. Division,
Radicactivity Group, L.R. Karam, Group Leader, The overall techical direction and physical meastremerts
leading to certification were provided by LI Luces and M.P. Unterweger of the Radioactivity Group,

The suppart aspects involved in the preparation, certification, and jssuance of this SRM weze coordinated
through the Standard Reference Materials Program by J.W.L. Thornas.

-

Bert M. Coursey, Chief

Iomizing Radistion Division
Graithersbrmg, Marylend 20899 ' Nency M. Trahey, Chief

Tone 1999 Standard Reference Materizls Program
Half-Jife and text revised October 2000 .

. SRM4927F,mege 1of6 _ o A *Notes and references ere an pages 5 end 6,




‘Recommended Procednre for Opening the SRM Ampoule
1 the SRM sohition is to be diluted, it i recommended that the diluting salntion have a composition

SRRV S QU

By
comparable to that of the SRM solntion.

2) ‘Wear eye protection, gloves, and protective clothing and work over 2 tray with absorbent paper in it.
‘Work in 2 fimbe hood. .

3) Shake fhe zmpoule to wet all of the inside surface of the ampoule. Retirn the ampoule to the
upright position.

4)  Chedcthat all of the ﬁqﬂi&has drained ont-of the neck of the ampouls, If necessary, gently tap the
neck to speed the process. '

5) Holdmgthe ampoule upright, score the narrowest part of the neck with a sezibe or dizmond pencil.

6)  Lightly*wet the scored Time, This reduces the crack propegation velocity and makes for a cleaner
break.

7)  Hold the ampoule upright with 2 paper towel, awipez, or & support fig. Position the scored Ens away
fram you, Using a paper towel or wiper to avoid contaminatinn, 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
youo. '

8)  Transfer the solution fram the ampoule nsing 2 pycnometer or 2 pipet with dispenser handie.
NEVER PIPETTE BY MOUTH .

9 Seal any uonsed SRM sohrtion jn =z flame-sealed glass ampoule, I possible, to mmm the
evaporation loss.

See also refersnce [4]%.
 ammmpmrats T T T s o s S 6.
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PROPERTIES OF SRM 4927F

Cerfified valnes
Solmtion density‘ (.998: 0.002) g-mL~* at 20.0 °C [b]*
Radiomaclide Hydrogen-3
Referexce thoe

1200 EST, 3 September 1998

Massic acfivity of the solution [}

634.7 KBgeg™

Relative expanded nneertainty (7=2) | 0.72% [d] [e]
Uncertified valoes

Physical Properties:

Source description Liguid in flame-sealed NIST borosilicate-glass ampoule

Ampoule specifications Body outside dlameter (165 £ 0.5) mm

: ‘Well Thickness {0.60 + 0.04) mm

Barium content - Less then 2.5%
Lead-oxide comtent Less than 0.62%
Other heavy elements Trace guantities

Solution mass Apprazimately 50 g :

Chemical Properties:

Soliution composition Chemical " Concentration Mass Fraction

Formula (tmol-1L ™Y (zg™ i
B0 35 100

_ *HHO 6 x 107 1x 108

Radiological Properties:

Radionuchidic impuxities Nope detected [f]

Half Tives used Hydrogen-3: (4500£8) d [g]

1 Celibration method and measuring 4xB gas counting of SRM 49278 using the NIST length- -

instrument(s) compensated internal gas proportional coumters and
intercomparison of SRIMs 4927E/4927F using two 4x8 Hquid-
seintiltation counfing systems [h]

. m- .m:;gzm,p;g;a.of.s e . *Notes and gefercmces sre onpages Swd 6,

o6 wulieaf
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BVALUATION.OF THE UNCERTAINTY OF THE MASSICACTIVITY [d]*

Toput Quantity %, Method Used Ta Evalnate (%), Relative Relative Relative
the source of uncertainty | the standard uncertainty of x; | Uncertsinfy | Semsitivity | Uncertainty
(A) denotes evalnation by Of Input Factor, Of Output
(and individal stafistical methods Quantity, \Bylex,| - Quantity,
tmeertaimty comppns:ds (B) denotes evaluation by i), ) z{y),
where appropriate) other methods (%) @ [l (%) [X]
Miassic count Tate of Standard deviation of the mean 0.18 10 0.18
SRM 4927E, correcied for 23 sets of gas counting
for backgromnd and medsurements (A)
decay [h] : .
Gram-mole Estimated (B) 0.20 1.0 0.20
IMBASUTEINETLS
Live-time [p}. Estimated (B) 0.10 10 0.10
Extrapolation of Estimated (B) 020 . 10 0.20
count-rate-versus-energy
10 ZETO ENEIgY
Hslf Gfe of H-3 Stendard uncertzinty 0.18 0.000 0.002
of the helf life () [m} ]
Liquid-seintfllation Standard deviation of the mean 0.06 10 0.06
intereomparison of SRM | for 7 sets of liquid-seintiTiation
1 4927F and SRM 49278 | messurements (A)
Radionnclidic fmpurifies | Limit of detection (B) [q] 100. D.00CS 0.05
Relative Comhined Standard Uncertainty of the Output Quantity, ()5, (%) 0.36
Coverage Factor, & X2
Relative Bxpanded Uncertzinty of the Output Quantity, U, (%) 0.72

SRM4927F,§3534&5_ D
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NOTES

The Sievert is the SI unit for dose equivalent. See reference [1]. Ome pSv is equal to 0.1 mrem.
Distance from Ampouls (cz): 1 30 100
roximate Dose Rate (uSv/h):  <0.1(Not detectable)

The stated nncertainty is two times the standard mcertainty.

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

The reported velue, y, of massic activity (activity per umit mass) at the reference time was not
measnred directly but was derived from measurements and caloulations of other quantities, This can
be expressed as y = f{ty, X%, . - X,), where fis a mathematical function derived from the assnmed
model of the measurement process. . )

The vate, x;, nsed for each inpof quantity Z hes a standard nuncertainfy, u(x;), that generates a
corresponding ncertainty in y, 1(y) = |8y/an|«u(x), called a component of combined standard
wncerfainty of y. . .

The combived standard mmeertatnty of y, 1.(y), is the positive squarcroof of the sum of the squares
of the components of combined standard uncertainty.

The combined standard uncertainty is mnltiphed by 2 coverage factor of k = 2 to obtain.T, the
expanded wmcertainty of y. ' .

Since it can be assumsd that the possible estimated values of the massic activity are approzimately

_normally distributed with approximate standard deviation (), the wnknown value of the massic

activity is believed to He in the fnterval y + U with & level of confidence of approximately 95 percent,
For furfhes information on fhe expression of meertainties, see Teferences [2] and [3].

The value of each standard mneertainty component, and hence the value of the ezpanded umcertainty
itself, is 2 ‘best estimate based npon 21l available information, but is anly approximately known. That
is 1D say, the "mncertainty of the uncertainty” is large and not well known. This i true for
meertainties evaluated by statistical mefhods (s.g., the relative standard deviation of the stendard
déviation of the mean for the massic Tesponse is appragimately 50%) and for mcertainties evaluated:
by other methods (which conld easily be over estimated or under estimated by substaniial amonmts).
The nmknown valne of the expanded mcertainty is believed to lie in the interval ©72 to 2U (Le., within
a factor of 2 of fhe estimated valne). . -

The estimated lmit of detection for radiomchidic fmpririties is 300 Bg-g™

The stated uncertainty is the standard uncerteinty. See reference [S].

Extensive gas-counting measurements were made on the SRiM .49273 solution during 1998 and 1999,

The SRM 4927F solntion was intercompared with the SRM 4927E solution nsing lquid-scintillation -

counting. .
Relative standard nneértainty of the fnput quantity ;.

oo e SRM 4027F, page Sof6 .. .. e e o
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SRM 4927F, page 60 6

The relative change in the output quantityy divided by the relative change in the input quantity %,.
If |ay/ag| « Goy) = 1.0, then a 19 change inz; resulis in 8 1% change iny. If |@w/as|~(xfy) = 005
then e 1% change inx; results in 2 0.05% change in y.

Relative component of combined standard imeertainty of output guantityy, rormded to two significant

* figurres or less. The relative component of combined standard mneertainty of y is given by ()l =

| Byl <)y = 189125 Goly) » (e, The mmmerical vaines of u(s)by, | 39/t - (o), 2nd uy),
all dimensionless quantities, are listed In columns 3, 4, and 5, respectively. Thus, the valne in colummn
5 is equal to the valoe in cohmnttmulhphedbythevaluem colommn 3. The input quantiiics are
independent, aor very neatly sc. Hence the covariances are zero or negligible.

The relative standard uncerlzjnty of A=t i5 determined by the relative standard nncertainty of M (Le.,
of the half iife). The relafive standard wmeertainty of 2 s neghgible.

|Bpfaz| - Gl = [ht]
The Hvé time is determmined by connting the pulses from » gated crystal-controlled oscillator.

The stenderd uncertainty for each undetected impurity that might reasomably be expected to be
extt i estimated to be eqoal to the estimated Imit of deteotion for that impurity, ie. u@x)& =
100%. |8y/ay|~(y) = {(response per Bq of impurily)/(response per Bq of H-3)}-{(Bg of

mpmty}l(Bq of H-3)}, Thus 2(y)/y is the relative change in y i the impmrity were present with a -+

“masgic activity eqnal to the estimated Hmit ofdatectlon.
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Measurement, 1993. Availzbie from the American National Standerds Institute, 11 'West 42nd Street,
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£ RPational Inatitute of Standards & ﬂﬂzﬂjnnlng'p
Certificate 719 L6987

) Cit

Standard Reference Material 4927F
Hydrogen-3 Radioactivity Standard

This Standard Reference Material (SRM) cunmsm of radioactive hydrogen-3, as water, in 5 wil. of dastilled

. water. 'The solution & contained in a flame-sealed NIST borosilicate-glass ampoulc The SRM is fnfended

for the calibration of bata- _parude curmtmg instruments and for the monﬂonng of radiochermical procedmes,
Radmloglcalﬂamrd

The SRM ampoule coniaims hydmgen—E with & total activity of approximiately 32 MBg, Hydrogen-3 decays’

by beta-particle emission. None of the beta particles escape from the SRM ampoule. During the decay
PIOCEES IO photons are emitied. Apprmna‘te unshielded dose rates at several distances (zs of the reference
time) are given in mote [a]*, There i no detectable external ra.c‘uaﬁon. The SRM. should be used ozly by
persons quaiified to handle radmacnve material. .

Chemiml Eazarﬂ

The SEM ampoule contains only distilled water. ‘Iherc is no chenmical hazard. ¥ the amponle &5 to be opened
- to tramsfer thc. solution, the recomimendsd procedrire i5 given on page Z

ol " Btorage and Havidling

" The SRM should be stored anduaeda.tatcmpm:amrebetmenSandﬁs °C.  The solnhanm an Tmopsned

ampoule showid remain stzhle and homogemeons wmtl at least Septembu .om

The ampdule (or any subseqnent container) shimld alweys be dlearly marked as comfeining radioactive
material’ I fie ampouile is transparted it shonld be packed, marked, labeled, and shipped in accordancaw:ih
the spplicatie national, mtermationsl, and carrer regnlations. The solution in the asmpoule is a dangerous
good (hazardous ma.tenal) because of t'ne radma,ctvny

. Preparaﬁun .
This Standard Reference Material was- prepared In the Physms Laboratory, Iomzm, Radiation Division,
Redioactivity Group, LR. Karam, Group Leader. The overail tachmical direction. and. physical measn:ements
* lsading in cerl::ﬁcatonwsre provided by LY. Tucas and M.P Unterweger of the Radioactivity Group.
The support aspeots mvolved in the preparation, cerhﬁmhon, and issnance of ﬂ:us SRM ‘were coordinated
through the Standard Reference Matena.ls Program by I.W.I. Thomas.

- . Bert M. Coursey, Chisf

‘ Tonizing Radiation Division
Grithersburg, Maryland 20859 . ' Nancy M. Trahey, Chisf
Jupe 1999 . Lo Stzndard Reference Materials Program
Hali-life end text revised October 2000 .

* SRM 4927F, pege 1 656 S . - #Nutes and rederences &7t oo pages 5 BN A - v oo e
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Recommanﬂed Procedure for Opening the SRM Ampou]e
1) TIthe SRM golution s to-be diluted, it is recammended that the diluting soluhon have a composition
' comparable to tha.t of the SRM sojution. : .
2') Weaz eye protscuon, gloves, aud p:otectvs clothing and wark over 2 h:aywrth absorbent paperin it.
Work in 2 fume hood. -
3 Shzkethsmnpoulbtoweta]lofthemmdemmceoftbeampoﬂs. Remtheampouleto the
mpright posﬂ:mn.
4)‘ Check that alI of the Tiqnicl has drained out of the neck of the awpoule. If necessary, gently tap the
neck to speed the ‘process.
5)  Holding the ampoule upnght, score the nauuwcst part of ﬂ:u: nedcthh a scribe or diamond pe,nm']_
6) Lightly ‘et the scored Hne. 'IZI:ns rednnes the crar.k propagation : valomty and mszkes for 2 cleaner
break. .
7 Hold the ampculeupnaht mt'h a papertnwa], 2 wiper, or a suppart jig. Posmon the scared e away
from you.. Using apaparmwe.l or wiper to aveid contamination, snap off fhe top of the ampoule by
i pressing the narrowest part of the mckmyfromyouwhﬂe pu]Img'bhchp of the ampouls towa:rds
JotL
+ B) 'Dransfathasolununfrumfnesmpouleumgapymumztucrapapetwﬂd:spensarhmdle
7 NEVER PIPETTE BY MOUTH. - .
9)‘ Seal any mmsed SEM. Eah:.uon e ﬂama-saaled plass ampuuie, i possible to mm:::mze the
evaporatmn Ioss, -
See 2lso reference [4]%.
i .
’



PROPERTIES OF SRM 4527F

Certified vaines
Solntion densiiy (0998 0.002) g-mL ™" at 20.0 °C [b]”
.Raainnndide Hyd.mgen-é ‘
Reference time 1200 EST, 3 Septssmber 1998
Magsic acﬁvity of the solution [c] 634.7 kBg-g™!

Relative expanded unaerfnnd.y #=2) )

0.72% [d] [e]

Physical Properties L '
Soufcg description Lignid in ﬂamc-sealedNIST bo:osﬂma’te-glass ampou]e
Amponle spec‘ﬁéaﬁons Body outside diameter ~ (165 % 0.5) mm
' ‘Wall Thickness : (0.60 = 0.04) mm
Barinm oontent Legs than 2.5%
Iead-cxide content Less than 0.02%
Other heavy slements * Trace quentities .
Sohrtion mess Appragimately 5.0 g o
Cherical Properties:
Sohrtion cofmpdsition Chemical ~ | Comcentrafion | Mass Fraction
: . Foromta (mol-L™) (g-27%),
’ L ED - 55 " 1.00
’EHO 6 x 107 1x10%®
Radiological Properties: '
Radiommelidic impurities None detected i}
Half Tives nsed Hydrogen-3: (4500 % s') d [g]
Calibration method and measuring’ “4uB gas coumting of SRM 4927E nsing the NIST length-
instrument(s) ‘compensated internal gas propartional conaters gnd
. imtercomparison of SRMs 48278/4927F using g twa 4nf hgmid-
scintillation cowmting systems [k]

TERM 4927F,pege 3 of6 T
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EVALUATION OF THE UNCERTAINTY OF THE ivIASSIC ACTIVITY [dJ*

Input Quaniity %, | Method Used To Evaluate u(x,), Relative Relative Relative
the gouzce of uncertainty |  the standard npcertainty of % Thncertainty | Sensitivity | ‘Uncertainty
(&) denotes evaluation by Of Input Factor, - | Of Output
(and individual - . gtatistical methods Quantity, | By/Exe;| - Quantity, ||
ungertainty cOmponents (B) denotes cveluation by - u ), & 2w (V)P
where appropriate) other methods (%) [ i) (%) [
Massic commt Tate of Stendard deviatiod af the mean 018 . 10 0.18
SRM 4527E, carrected for 23 setz of gas counting :
for background and maasurements (&)
decay [h]
Qram-mole Estimated (B) 020 10 620
meaguremernts .
Live-time [p] Estimated (B) 0.10 1.0 0.10.
Extrapqlation of” | Estimated (B) 0.20 1.0 0.20
| connt-rate-versus-eneIgy : :
to zeTo energy
Half life of E-3 Standard nocertainty pa8 0.002 0.002
) of the half e (A) fm] . - a1
Liquid-scimtifiztion Stendard deviation of the meam | . 0.06 10 0.06 -
intercomparison of SRM | for 7 sefs of liquid-scintiliation ' . :
4927P erid SRM4927E | measnrements (4)
Mmmm@m "Lt of detection (8) [q] " 160, 00005 | 005
‘Relative CumbmedStanda.rd Uncertamty of the Outpat Quantity, u,(y)/y, (%) 036
Coverase Factor, ko . x2
0.72

SRM 4927F, page 4 of 6

Relative Pxpanded Unberi:ainty of the Qutpnt Quantity, T4, (%)
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NOTES _
The Sipvertis the SI unit for dose equivalent. See reference [f]. One pSvis equal fo 0.1 mwem.
Distance from Amponle (em): - 1 0 30 C 100 .
Approximate Dose Rate (uSvh):  <0.1(Not detectable)
The stated tncertainty is two times the standzrd wmeertainty.

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

The reparted value, 3, of massic actmty (activity per umit. mass) at the referemce time wds not

measmred directly butwas derived from measmrements and calcolations of other quantitizs. This can |,

be expressed asy = f{%, %%, - .3,), Wheae f is & mathematical frmetion derived from the assumed
model of the measurement process. ,

The velne, 7, used fr each mput quantity § has & steadard tmeertainty, m(z), that generates 2
* corresponding mcertzinty in y, z(y) = |8/ag] -u(), caled a component of combined standard -

uneertainty of y, .

The combined standard micertainty ofy, u (), is the pnsmve square root of the sum of the s:qna:es
of the components of combined steaderd Tneertainty. . . ‘
.The combined standard tmcertsinty is mulﬁpiiéd'uy.a coverage factor of & = 2 to obtein T, the
expanded vncertainty of y. ) . .

Simce it can be assumed that the possible‘esﬁmatadvalucs of the massic activity are approzimately
normally distributed with approximate standard deviation u(), the unknown value of the-massic
activity is befisved to Hie in the intervaly + [ with & level of confidence of approximately 95 percent.
‘For fmther infarmatior on the expression of \meertzinties, see refarences [2] and [3].

The valie of each standard uncertainty component, and henes the vale of the expanded imeertainty
itself, is a best estimate based upon all availabie informatian, but is oply apprazimately known, That

. is to say,"the "uncertzinty of the uncertainty” is lerge and not well Imown. This is true for

uncertamties 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 mncertainties evamated
“by other methods (which could easily be over estimated or under estimated by substential amoamts).
The uninown value af the expanded uncertainty is befieved tolie in the interval U72 to 2U (i.e., within

* afactor of 2 of the estimated valoe). :

The estimeted fmit of detection. for radiomudidic fmparities i 300 Bq+g™
The stated uncertainty is the standard mncertainty. See reference [3]:

Extensive gas-counting measurements were made on'the SEM 4927E sc.:mﬁoﬁ drring 1998 and 1995,

The SRM 4927F solution was intercompared with the SRM 4927E solnton using Jicuid-scintillation |

counting. _ .
Relative standzrd vnceriainty of the mput quantily x; . o
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The relative change in the éutput quantityy divided by the relative change in the input quantityx.
If | av/8x | (zdy) = 10, then 8 1% chenge mx; resulis in g 1% change iny. Tf |ay/ax|- &) = 0.05,
then a 1% change in, results in a 0.05% clmnge my.

Relative component of combined standard mcertainty of output quantityy, rounded to two significant
figures or less, The relative component of combimed standard mneertainty of y I given by w,( )y =
|G/ ul)by = | 918 =) - )b The mamerica] values of u(e)s, |29/« (@), and ()0,
a1l dimensionless quantities, are listed in columns 3, 4, and 3, xespeotively. Thus, the value in cohrmn
5 is equal to the valne in coluim 4 mmiltiphed ty #he valein column 3. The input- quantities are
independent, or very nearly so. .Hence the covariznoess are Z&70 ar neglizible. )

' The relative standard uncertzinty of At is determined by the relative standard nncertainty of ) (ie.

of the half Bfe). The relative standard nocertainiy of i neglisible.
| By - ) = P“_‘ﬂ '

“The Iive fime is determived by counting the pulses from 2 éated c:ystal-cuniro]le;d .oscﬂla.tur. ,

The standard mmeertainty fof each undetectsd impurity that might reasonably be expected to be
present is estimated to be equal to the egtimated fit of detection for that Impuzity, Le. u{e)i =
1009%6. |o/an|-(ay) = {(respomse per Bq of impurity)/(response per Bg of B-5)}{(Bq of
imprrity)/(Bq of H-3)r. Thus u(y)y is the relative change in y i the impurity were present with &

rassic activity equal to fhe’ estimated Emit of detection.

¢ REFERENCES

. Imternatinel Organizationfor Standardization (IS0), IS0 Standards Hmmdbook - Quantities and Units,

1993, Aviilable from the American Natiohel Standards Institute; 11 West 42nd Street; New York,
NY 1003¢, TU.S-A. 1-212-642-4900. R .

. Titernational Oresnization for Stenderdization {(ISO), Guide to the Expresiion of Uncertzinty in
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DAILY INSTRUMENT PERFORMANCE CHECKS - LS6500
Daily IPCs consist of the following standards;

Efficiency Check
Beckman Tritium Standard Beckman C-14 Standard PA| Reagent Blank (10-mL D! Water + 10 mL UG LL1
Lot HNPO509 Lot CNP3311 7/24/2008
105800 dpm 101000 dpm :

10/29/2003 REF
10/29/2008 EXP
Interim Controi Limits

10/29/2003 REF
10/29/2008 EXP

8/19/2008
Deca T Tritium rbon-14 Reagent Blank Quench Factor

ucL 4955249 67094.79 19.79 149.5

Mean Value 47192.85 63899.80 17.00 142.4

LCL. 44833,20 60704.81 12.21 135.3

Decay Corrected Reagent Quench

Obs Date H-3 CPM H-CPM C-14 CPM H-3 Bkg CPM H#

11 8/27/2008 35487.0 46608.01 OK 65240.7 OK 15.20 OK 144.5 OK
12 8/28/2008 36320.3 47801.78 OK 65118.3 OK 13.80 oK - 146.3 OK
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PN

DAILY INSTRUMENT PERFORMANCE CHECKS - LS6500

Daily [PCs consist of the following standards;

Efficiency Check
Beckman Tritium Standard Beckman C-14 Standard PAl Reagent Blank (10-mL DI Water + 10 mL UG LLT
Lot HPED410 Lot CPE2711 7/24/2008 ref
104700 dpm 100,100 dpm 7/24/2009 exp
3/19/2008 REF 3/18/2008 REF
3/19/2013 EXP 3/19/2013 EXP
Interim Control Limits 10/20/2008
De rrected Tri arbon-14 Reagent Blank Quench Factor
UCL 55138.40 59099.80 19.79 153.0
Mean Value 52512.76 65809.34 16.00 145.7
LCL 49887.12 652518.87 12.21 138.4
Decay Cormected Reagent Quench
Obs Date H-3CPM H-CPM C-14 CPM : H-3 Bkg CPM H#
35 11/21/08 50292.1 52248.91 OK 64131 OK 13.80 oK 149.9 OK
36 11/23/08 48996.3 50918.43 OK 831842 OK 15,40 oK 151 OK

RAINSTILSCILS6500\DAILY QC\LSQAB500.XLS (CURRENT)

75





