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Client in Possession of Data

Electronic or Hard Copv
Invoiced by Laboratory
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Internal

J EBERLINE hain of Lab Deadiine 11/16/2015
y SERVICES C aln 0 UuIS
i Analysis -
Oak Ridge Laboratory Custod Y O-level4
y Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 36 MNN1.1
05 37 MN1.1
06 33 NNL.1
Re-log of 15-10128 fractions 04, 05 & 07
Location {circle one} Initials Date
Received by Sample Storage Rough Prep Prep Separaticns Count Room i ‘
INOIRe LD
Relinquished by Sample Storage Rough Prep Separations Count Room __l
< mlz/a_ ity SO
Received by Sample Storage Rough Prep epara Count Room WM i’ "?‘40‘ U‘f{f’
P .
Relinquished by Sample Storage Rough Prep Prep QSeEaraii_ons Count Room W{M ”,—94‘{}" (}%6}
s
Received by Sample Storage Rough Prep Prep Separations M”' w__‘ﬂmc_)#gf? e % ¥
s v AT o
Relinguished b Sampie Storage Rough Prep Prep Separations L &gﬁ - ’
- ! (ALY T s,
P
Received by S{Tp\le Smrag\e) Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Ccunt Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Prep Separations Count Room
Received hy Sample Storage Reugh Prep Prep Separations Count Reom
Relinquished by Sample Storage Reugh Prep Prep Separations Count Room




SERVICES

Oak Ridge Laboratory

Internal
Chain of
Custody

Work Order # U
Lab Deadline 11’1 6/2015
Analysis ThISO - Level 4

Sample Matrix Water
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 36 NN1.1
05 37 NN1.1
06 33 NN1.1
Re-log of 15-10128 fractions 04,05&07 | & )
Location (circle one) Initials Date
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep (Prep é Separations Count Reom
L
Received by Sample Storage Rough Prep Prep ( SeEarat_ions > Count Room |
Camaionsd !’ Al
Relinquished by Sample Storage Reugh Prep Prep eparatio Count Room ')ﬁg{ 4 ﬂ’ (}4
Received by Sample Slorage Rough Prep Prep Separations LCE‘L'“,R/J‘;") ' { |~ @‘& oD
MG oGS
Relinquished by Sample Storage Rough Prep Prep Separations i
g
Received by Sa@ Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Reugh Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Reom
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Couni Room

Printed:




Printed: 10/27/2015 8:05 AM

Page 1 of 1
* Internal Work Order
& EBERLINE Sample Receiving Report 15-10152
SERVICES (Volumes, pH, & CPM) ’ Received By
JBAILEY
FR ClientlD # Btls Comments Matrix Storage [Rec Vol Tt!] CPM Max
01| LCS 0 WA NNL.1 )
02 | BLANK 0 WA NNL.1
03 [ pup 0 WA NL1.1
04 | KC91-159-L 1 WA NNi.1 3.76 36
: “Container:-Number™["" pH:Orig? - <:5ivpH Final:: ] Volume (L) -fz 5 CPM
1 7 7 3.7600 36
05 ] KC91-159-U,/ [ 1 WA NN1.1 3.76
e s Container Number: |10 i pHiOrig=- i) < pH Final - S Volume {E); )
, 1 7 7 3.7600 37
06 | KC-90-137-U [ 1 WA NN1.1 3.76 33
e e i Contalner Number pHOrig: . =[5 pHFinal = ] Volume (L5 .. GPM
1 7 7 3.7600 33

7P
6’5 \_}’\\\(g

¢

/g/ ) MP-001, Rev 5
Received by; ( ,m// Date: _Jo ~2 2 j<

}é//' i Effective; 11/22/02
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E.'. BERLINE STANDARD OPERATING PROCEDURE MP-001, Rev. 15
r

SERVICES Effective: 2/2/15
Sample Receiving Page 13 0f 15

Eberline Services — Qak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

MP-001-2
WORK ORDER # ? 5 ? Qu& ﬁ 2
SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)
N AQUEOLQ NON-AQUEOUS
(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:
[~
Received in good condition? \D N
\ "
If aqueous, properly preserved @ N N/A

- WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Fresenton samples?

Unbroken on samples?

= R o6
Z |2|lZz2|lZz |z

Was chain of custody present upon sample receipt?

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: DATE: (Q-A7-i5

Copy Neo. | : Radiochemistry Services
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CASE NARRATIVE




EBERLINE ANALYTICAL CORPORATION

N 60! SCARBORO ROAD
LI E Q&K RIDGE, TENNESSEE 37830
SERVICES PHONE (865) 48i-0683
Fax (865) LB3-4L621

E =S ER

EBS-OR-40043
December §, 2015

Cecilia Greene

Auxier & Associates, Inc.
9821 Cogdill Road #1
Knoxville, TN 37932

CASE NARRATIVE
Work Order # 15-10152-OR

SAMPLE RECEIPT

This work order contains three water samples relogged 10/27/2015 at the request of the client. These
samples were analyzed for Isotopic Uranium and lsotopic Thorium.

CLIENT ID LAB ID
KC91-159-L 15-10152-04
K(C91-159-U . 15-10152-05
KC-90-137-U 15-10152-06
ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified.

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value.
Minimum Detectable Activity (MDA) values for data represented in this report are sample-specific.
MDA measurements are determined based on factors and conditions including instrument settings, aliquot

size and matrix type.

ISOTOPIC URANIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Uranium was selectively extracted by ion exchange. Uranium was ¢luted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Uranium-234, Uranium-235 and Uranium-238, Chemical
recovery was determined by the use of a Uranium-232 tracer. Activity of the Uranium-232 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Page 1 of 2
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM CONTINUED

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
results. Results for the Uranium-234 and Uranium-238 duplicate demonstrated an acceptable relative
percent difference and normalized difference. Results for the Uranium-235 duplicate demonstrated a high
relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234 and Uranium-238 laboratory control sample demonstrated an
acceptable percent recovery.

ISOTOPIC THORIUM

Samples were prepared by removing representative aliquots followed by mixed acid digestions as
appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha spectroscopy
using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-232, Chemical
recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229 tracer was
determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Chemical recovery was acceptable for
all samples. The Thorium-228, Thorium-230 and Thorium-232 methed blank demonstrated acceptable
results. Results for the Thorium-228, Thorium-230 and Thorium-232 duplicate demonstrated a high
relative percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Thorium-228, Thorium-230 and Thorium-232 laboratory control sample
demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be acgmeate as verified by the following signature.

M.R., McDougall
Laboratory Manage

Date: 12/8/2013

Eberline Analytical wants and encourages your Teedback regarding our performance providing radicanalytical services. Please
visit hitp://www.eberlineserviges.comy/client.htm to provide us with feedback on our services.

Page 2 of 2
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ANALYTICAL RESULTS SUMMARY
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CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

T GA/QC REVIEWED

| | oate J.Lﬂz@f s JIC

Radionuclide: U-238NAT Customer: TMA EBERLINE

Half Life: (4.468 4 0.005) x 10"9 years P.O.No.: OR2778

Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi

Contained Radioactivity: (Total U) 297 kBq

Description of Solution

4. Mass of solution: 65,2896 g in a 50 ml flame sealed ampoule

b. Chemical form: Uranyl Nitrate in H20

¢, Carrier content: None

d. Density: Approximately 1,3202 , g/ml @ 20°C,
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters

Refer to attached technical data sheet

Radionuclide Concentration

(Total Uy 0.1228 uCilg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b, Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): +2.0%

d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly tracesble to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Tesi(s) applied to this source.
Notes ‘

1. Nuclear data were taken from "Table of Radioactive Isotopes™, edited by Virginia 5. Shirley, 1986,
2. IPL participates in an NIST measurement assurance program ta establish and maintain implicit traceability for a number of nuclides,
based on the blind assey (and later NIST centification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

A o, B AUAS
QUALKTY CONTROL

22 DepemMbell 1224
Date Signed

1SOTOPE PRODUCTS LABORATORIES
. o 5017 N, San FERNANDO BLvDp, . _
IR BurBaNK, CALIFORNIA 91504 bk

FPRODUCTS
8188437000 Fax 8188436168

CLABORATORIES




WY QUALITY CONTROL PROGRAM
™~ g MP-009

Rev.8; 11/01/03
Title: Radioastive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADICACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE{ .
SOLUTION REFERENCE #|!PL 479-50. ©] SOLUTION #

Prmci ual Radlonucllde Half Llfe‘ Years Half Llfe Days
IS - E- [ 4.632E+12]

Radionuclide. b
Cerfified Activity|.

Reference Datel 1111995 0:00]

0juci

Certified Concentration} pCi per gram
Ampoule {Sotution Gross 00| Weight, Grams
Empty Ampoule & 1Weight, Grams
Solution Net|" - ' - '.65 1380 Weight, Grams
Total Activity in Ampoule|- "~ 8,0160|uCi

Chemncal Composution of Standard Solution

Dilution Instructions: Dijution Solvent Used

Dilute to a volume of |- 1060:00.% |milliliters

Certified Total Activity of} ..

- 8.0160|pCi Which Equals [ -.-1.780E+07|dpm at the date listed above

. . ) . .r - This activity concentration is based on the original
And after dilution the activity of this solution is| 1.77955E+04 dpm/miteference date listed above, All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| "~ July 27,2016 " -}

I N

Verifled & Approved By . Date: 104112015 0:.00

QC Approval 6@,&%}0&%{/ Date; /o / { / {5




%ﬁﬁ_ﬁﬁb% np | QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Tile: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION -

MP-609 Date[ " 70/1/2075 6:00
Solution Reference #{1PL:479:-50 Solution # i U-BER i
e
Principai Badionu_ctide Hal Life__ Years Haif Life, Days

PO, 2357

468E+09 _ [ 1.632E+12]

Radionuclide of Interest|
Parent Solution Conc, |-1:F798E:

Reference Date 195 0:00]

. ; dpm/ml

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol, Parent Solution: |-~ 4.0000! mi
Total Activity 2E+04 | dpm Final Activity Concentration: [ . -7 7.1182E+01|dpm/ml
Firral Volume: |+ >1000:00) m! '

This activity concentration is based on the original
] referance date listed above. All activities are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Isotopic Distibution as:

U-238 Atom % = 48.238  U-238 =71.182 dpmfmil X 0.48249 = 34.345 dpmiml
U-235 Atom % = 2.25 U-235 = 71,182 dpm/ml X 0.0225 = 1,602 dpmiml
U234 Atom % = 49.501 U-238 = 71.182 dpmiml X 0.48501 = 35,236 dpm/mi
Al values +- 3.6%

Expiration Date:|  July 27,2018 )
Isotopic ratios from manufacturer's data sheet

< N
Verified & Approved By o Date: 10/1/2015 0:00
<
-_._d-/




'RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

Appraved
Signatory

Principal radionuclide:

Product Description & Measurement Certificate

uraninm 232 (U-232)  Product code: UDP1(050
Daughter Nuclide: Th-228 Batch Number: 92/232/67
Reference date: 01 March 2000
Radioactive concentration U-232 6.739E+03 becquerels per gram of solution
which is eqoivalent to 1.821E-01 microcuries per gram of solution

£35¢ groanis
5.035 millilitres
3.61E+H04 becquerels

9.76E-01 microcuries

Mass of sokuiion
Volume of solution
Total activity of U-232
which is equivalent to

Method of measurement (see reverse of this certificate)
Random uncertainty is: £ 0.7%  Systematic uncertainty: + 0.5%
Overall uncertainty in the radioactive concentration quoted above: = 1.7%

.Overall uncertainty is defined on the reverse of this certificate.

Any radioactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date ,

Not meeasured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
This Tracer solution has been produced 'carrier free'.

Recommended half life of wranium 232; 6.980E+01 years

Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of uranium 232: 8.167E+05 Bq per microgram U-232,

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
solution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently audited and
approved to ISQ 9001,

i

Roger Wiltshire

Project Ref, AE2315

Prepared and characigrised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

Trkeert.wps 10/03/00

AEA Technnlogy is the trading name of AEA Technology ple

BBBZE
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EBERLINE MP-00%

SCRVICES

% QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Tile: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

VP 009 '

CURRENT DATE|
SOLUTION #

I-!alf rLirfe, Days 7
[ 2 BB0E+04]

Radionuclide Reference Date| 31112000 0:00]
Certified Activity uCi
Certified Concentration uCi per gram

Ampoule /Solution Gross
Empty Ampoule Weight, Grams
Solution Net| - -{Weight, Grams

Total Activity in Ampoule| - 0.9760{uCi

Weight, Grams

Chemical Composition of Standard Solution
PZ0(NO5)s in 2M HNO;

Dilution instructions: Dilution Solvent Used 2MHNO;:

Dilute to a volume of} 16001

Certified Total Activity of| -~ 0.

Which Equals | - 2.167E+068!dpm at the date listed above

o . - This activily concentration is based on the original
And after dilution the activity of this solutlon Is|-2167E+03|dpm/ml reference date listed above, All activities are corrected

to the date and fime of analysis by the [aboratory data
processing sofiware.

Expiration Date: | - October 26, 2016 |

Verified & Approved By K" ) Date: 10/27/2015 0:00

Qc Approvalﬁm%‘ Date: f7/9,$$é S

 BBBRS



%E_B ERLANE QUALITY CONTROL PROGRAM

SERVISEe mP-909

Rev.8; 110103
Title: Radivactive Reference Standards Solufions & Records

EBERLINE SERVICES - QAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-00%9 Datef 1 2712015 0 00
Soiution Reference #|AEA/Amershany §2/232/67 Solution #} -
Prmci al Radlonuchde Half Lnfe Years Half Life Days
TR T 200 -2 630E+04)
Radionuclide of Interest Reference Date| 31472000°0:00]
Parent Solution Cone. |&2.167E+03"" {dpm/m|

Chemical Composntson of Standard Solunon
[FRUMN3)s in 2M HNOg

Dilution Instructions: Dilution Solvent Used [2M:HNO;

SECONDARY VOLUMETRIC DILUTION -

Vol. Parent Solution:{: ; 0jml
Total Activity:]:  2:1870E+04]{dpm Final Activity Concentration:| = "~~~ 2 1670E+01|dpm/mi
Final Volume:|; “4000:00| m}

This activity concentration is based on the original
reference date listed above. All activities are
NOTES: corrected to the date and fime of analysis by the
laboratory data processing software,

Expiration Date:l October 26, 2016 |

Verified & Appr;;mr\ $ Date:  10/27/2015 0:00
QC Approval Date: oA’/ 5

|
h



CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: TMA EBERLINE

Half Life: - (1.405% 0.006) x 10°10 years P.O.No.: VH1632 ‘
Catalog No.: . 7232 ‘ Reference Date: November 1 1993 12:00 PST.
Sonrce No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 uCi.
Contained Radioactivity:  (Th-232) 3.45 KBg.
Description of Solution : : - ;
a. Mass of solution: 11.9712 g (in a 10 m! flame sealed ampoule)
b. Chemical form: Th(NO3)4 in water
c. Carrier content: .. None added
d. Density: o Approx. 1.21 , g/ml @ 20°C.
Radioimpurities - ‘ None detected (other than daughters).
Radioactive Daughters
Ra-228, Ac-228, Th-228, Ra-224, Ru-220, Po-216, Pb-212, Bi-212, Po-212, TI-208 .
Radionuclide Concentration ' N o . -
(Th-232) 0.00779 ‘ T
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): ' +2.0%

d. Total uncertainty at the 9% confidence level: . +3.6%
NIST Traceability

This calibration is implicitly teaceable to the National Institute of Standards and Technology.

Leak Test(s) '

See reverse side for Leak Test{s) applied to this source.
Notes ' ) ‘

1. Nuclear data were taken from "Table of Radioactive Jsotopes”, edited by Virginia 8. Shirley, 1986.
2. TPL, panicipates in an NIST measurement assurance program lo establish ang maintain implicit traceability for a sumber of nuclides,
based on the blind assay {and later NIST certification) of Standard Reference Materials (A4 in NRC Regulatory Guide 4.15).

QUALITY CONTROL

Nev. %, [993
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




, QUALITY CONTROL PROGRAM
EBERLINE MP-009

SERAVICES

Rev.8; 1/10/03
Titte: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

WP 008
CURRENT DATE| - 9!29/201 5 0 00
SOLUTION REFERENCE #[IPL 435-104-2 -] SOLUTION #[ T
_ Prmci al _Radlonuchde Half Life, Years ‘ Half Llfe Days
Th, =T . 1.405E+1 [ B 32EF12y
Radionuclide] 222 2eh. Reference Date| .. 11/1/19930:00]
Certified Activity} - 9 3305-02 pCi
Certified Concentration| - o AuCl per gram
Ampoule /Solution Gross| . .18:8415|Weight, Grams
Empty Ampoule|: “9296{Welght, Grams
Solution Net| ~ 11 Weight, Grams
Total Activity in Ampoule{ - 0.0933|uCi
Chemical Composntlon of Standard Solution _
[Th{NO;)ainH20. S
Dilution Instructions: . Dilution Solvent Used 1% NitricAgid o]
Dilute to a volume of] 10 - Tmilliliters
Certified Total Activity of] -~ 0.0933[uCi - Which Equals L. 2:071E+05|dpm at the date listed above

And after dilution the activity of this solution is| Z.071E+02]dpm/m| s activity conicentration is based of the original

reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software,

Explration Date:| * August 25, 2016 |

Verified & Approved By Date: ©/29/2015 0:00

A V > .
QC Approval ﬂ\ﬁ%}u\k = Date: "?ko/}S
o —— [

~—




TTECRvICES Mp-ooe

&
@;E i QUALITY CONTROL PROGRAM

Rev.§; 1/10/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUYTION RECERTIFICATION

MP-009 ' Date|- 9/29!2015 0 00
Solution Reference #|IPL: 435-104-2 ) Solution #i: Th-Sb i
Pnncl al Radionuclide Haif Llfe Days
ﬁﬁ] b= 5.132E%12]
Radionuclide of Interest| .~ 288292 - Reference Date| 117111993 0:00]
Parent Solution Cone. | 2.07E+02 " |dpm/mi
Chemical CompOSItion of Standard Solution
[ThiNOw,in 1% ANGs © - = . = o .. ]
— =
Dilution instructions: Dilution Solvent Used [1% Mitric-Acid 2|
SECONDARY VOLUMETRIC DILUTION
Vol. Parent Solution: | - .1500.0000m!
Total Activity:[  1.0355E+05|dpm Final Activity Concentration:| 1.0355E+02| dpr/mi
Final Volume:| - 1000.00|ml

This activity concentration is based on the original
NOTES: reference date listed above, All aativitie_s are
) corrected to the date and time of analysis by the
laboratory data procassing software,

Expiration Date:[_August 25, 2016_]

Verified & Approved > "(?\ Date: 9/29/2015 0:00

QC Approval (/)\\V\Wt&-/ Date: ql/ 36;/ =

&
&
&
ol
o}




aA/uc REVIEWER |

LPHA STANDARD SOLUTIO

Bate 1O Inftials A ‘
" Radionuclide Th-230 Customer: TMA EBERLENE® % %@
Half Life:  (7.54 % 0.03) x 104 years P.O.No.: TT4944 @*&%

Catalog No.: 7230 Reference Date: November 1 1991 12:00 PST.
Source No.:' 388-116 Contained Radioactivity: 1.036 #Ci.
Description of Solution ‘
a. Mass of solution: 5.0042 ‘ grams
b. Chemical form; Th(NO3)4 in 0.IN HNO3 )
¢. Carrier content: None added
d. Density: 1.0016 ol @ 20°C.
Radicimpurities
See attached technical data sheet
Radioactive Daughters
See attached technical data sheet
Radionuclide Concentration
0.207 H4Ci gram.

Method of Calibration

RTIFICATE OF CALIBRATIO§

Weighed aliquots of the solution were assayed using a liguid scintillation counter.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +2.0%
b. Random uncertainty in assay: +0.5%
¢. Raodom uncertainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology

Notes

) éﬁ%@%@‘*‘“@

1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia 8. Shirley,
2. IPL participates in an NIST measurement assurance program to establish and maintain impiicit
traceability for a number of nuclides, based on the blind assay(and later NIST centification) of

Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

ISOTOPE PRODUCTS LABORATORIES
1860 No. Keystone Sireet.,

Burbank, California 91504

(818) 843 - 7000

\of




61/’ SDERVICES MP'O’OS

QUALITY CONTROL PROGRAM
EBERLINE .

Rev.14; 10102012
Title: Radipactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE| - 4/15/2015 0:00
S$SOLUTION REFERENCE #IIPL‘388-116.* T ] SOLUTION#| - ~Th-1 .-

Principal Radionuciide Half Life, Years Half Life, Days
T BoTh ] " 7 540E-+ '

. 7.540E+04 7 2:754E+07]

Radionuclide] “*Thorium Reference Date] . . ..11/1/1991.0:00]

Certified Activity| 1.036E+00|uCi
Certified Concentration - = . " |uCi per gram

Ampoule /Solution Gross| . . 9.2660|Weight, Grams
Empty Ampoule} - 4.6218|Weight, Grams
Solution Net| - 4.6442|Weight, Grams

Total Activity in Ampoule| - 1.0360|uCi

Chemical Composition of Standard Solution

PPTh(NOy), n0.INHNO; -~ ]
— P——— - == e
Dilution Instructions: Dilution Solvent Used OANHNOg - 7 :]
Dilute to a volume of| - - 1000.00 . jmiliiliters
Certified Total Activity of|  ~ 1.0360{uCl Which Equals [ 2.300E+06|dpm at the date listed above

This activity concentration is based on the original
And after dilution the activity of this solution is [ 2.300E+03]dpm/ml  raference date listed above. Al sctivities aro corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:[ February 12, 2016 |

Recertified By /\A\D\ Date:  4/15/2015 0:00
~ V /
QC Approvaléw Date: "-f/fS (<
1




%E iy | QUALITY CONTROL PROGRAM

Rev.14; 10/10/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 ' Date]  4/15/2015 0:00
Solution Reference #[IPL 388-116 .. -~ | Solution#| .~ Th-1b. .
Principal Radionuclide Half Llfe, Years Half Life, Days

T By I

[ 7 2.754E+07]

Radionuclide of Interast] =~ Thorium.:

Reference Date[ . 11/1/1991 0:00}
Parent Solution Conc.| - 2,:30E+03  |dpm/ml

Chemical Composition of Standard Solutlon
-Th(N03)4In01NHN03 REEACUSTS o

—

Dilution Instructions: Dilution Solvent Used foanHNOg~ ]

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Sofution:} - - " 10.0000|mi
Total Activity:| "2.2999E+04 |dpm Finai Activity Concentration ____ 2.2999E+01|{dpmiml
Final Volume:| - 1000.00]ml

This activity conceniration is based on the original
NOTES: reference date listed above. All activities are
corrected o the date and time of analysis by the
laboratory data processing software.

Expiration Date:l February 12, 2016 I

Recemfej\/\‘g\ . Dater_ 4/15/2015 0:00
QC Approval AD/W;\) Date: ‘6//5’/5
l 7

- - =



— 24937 A Tibbitt 7]’/8
& |sotope Products  yaiencia, california 91355

_ Laboratories
: Tel 661+309-1010
An Eckert & Ziegler Company Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 + 160 years P.0O. Ne.: 00009833

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-b4 Contained Radioactivity: 1.013 pCi 3748 kBqg

{Th-229 only)

Physical Description:

A. Mass of solution; 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: Th{NQ:), in 0.1M HNO,
C. Carrier content: 10ug ThimlL
D. Density: _ 1.0016 gimL @ 20°C.
Radioimpurities:

MNone detected (daughters in equilibrium}
Radionuclide Coneentration: 0.2020 uCi/g, 7474  kBgig
Method of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCifg was determined
using gamma ray specitrometry.
Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: t 07 %
B. Type B (systematic) uncertainty: t 3.0%
C. Uncertainty in aliquot weighing: + 00%
D. Total uncertainty at the 99% confidence level: * 31 %

Notes:

- See reverse side for leak test(s) perfarmed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.13).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This seolution has a working life of 5 years.

/R T 9- Jan-02.
¥ Quality Control Date Signed IPL Ref. No.: 867-54

1SQ 9001 CERTIFIED

Medical Imaging Laboratory Industriat Gauging Laboratory
24937 Avenue TIbbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504
 @BB3L




& | QUALITY CONTROL PROGRAM
EBERLUNE MP-009

BERVICE &

Rev.8; 1/10/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE 9!29]201 50. 00
SOLUTION REFERENCE #[iFL: 867-5: gty SOLUTION #° 1=
Principal Radionuclide ._Ijlalf Life, Ygars
TR |- 2681E+06)
Radionuclide Reference Date|: 5/2002:0:00)
Certified Activity| I nCi

Certified Concentration

{uCi per gram

Ampoute [Solution Gross 2{Weight, Grams
Empty Ampoule +1Weight, Grams
Solution Net] - - 5.0161{Weight, Grams

Total Activity in Ampoule} "+ 1.0130{uCi

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of|->1008.00" | milliliters

Certified Total Activity of] ~ - 1.0130juCi Which Equals | 2.249E+06|dpm at the date listed above

. ) . This activity concentration is based on the original

And after dilution the activity of this solution is| 2.249E+03|dpm/mi  referenca date listed above. All activities are corrected
to the date and fime of analysis by the laboratoty data
processing sofiware.

Expiration Date:[ _August 24, 2016 |

Verified & Approved By \“k& Date:  9/29/2015 0:00

QC Approval %&W Date: . Q/ 30 / s

£
5
&l
(e}
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QUALITY CONTROL PROGRAM
MP-009

Rev.7; /20190
Title: Radioacttve Reference Standards Solitions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date

IF ; 91'291’2015 O 00
Solution Reference #[IPL 867; Solution # =

Pr!nc;\ al Radionuclide Half Life Years Half ere Days
R =+0) [ 2.681E+06]

Radionuclide of Interest]
Parent Solution Conc.|:

Reference Date| . ~1/15/2002 0:00}

Chemical Composmon of Standard Solutron
[THINO3)s m:0. 1M HNO; . -

Dijution Instructions: Difution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:|;
Total Activity:| . 2. 2490E+D4 dpm Final Activity Concentration:{ = 2.2490E+01]{dpm/mi
Final Volume:|: 0B0:|

This activity concentration is based on the original
referance date listed above, All activities are
cermected to the date and time of analysis by the
iaboratory dats processing sofiware.

NOTES:

Expiration Date:| August 24, 2016 |

c:'f'-mN
Verified & Approved By \ Date: 9/28/2015 0:00
QC Approval é&w ;;m ! Date: Q!fﬁcﬁf

\.J
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SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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SECTION VII

LABORATORY TECHNICIAN'S NOTES
& RUN LOGS
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Printed: 11/4/2015 11:44 AM Page 1of 1

Oak Ridge Laboratory Infermal Work Order -I 5_1 01 52
EBERLINE 601 Scarboro Rd.
T sERVICES Oak Ridge, TN 37830 Analvsis Cod
] Voice: 865.481.0683 A UUISO
Work Order Analysis Notes berli . m
www.eberlineservices.co Run Number 1
Date Dept |- User Notes
11/04/15 $1:44 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
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Printed: 11/6/2015 5:15 PM Page t of 1
Oak Ridge Laboratory Intesmal Work Order 1 5_1 01 52
EEBERLINE 601 Scarboro Rd,
SERVICcES Qak Ridge, TN 37830 Analysi
. ysis Code
Work Order Analysis Notes Voice: 865.481.0683 UUISO
www.eberlineservices.com Run Nurmbsr 1
Date Dept User Notes
11/04/15 11:44 PREP JWOLFE ALIGUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TQ ACIDIFY SAMPLES- DRIED
SAMPLES DOWN ANB SUBMITTED SAMPLES TO SEPARATIONS
11/06/15 17:15 CHEM JDEMELAS Added concentrated HC| to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

transferred to new, labeled C-Tubes, rinsing with 8N HCI to bring volume to ~35 ml; Preconditioned resin
columns with 35 mi 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 mi 8N
HC|, cenirifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HCI - 0.1N NH4l, 35 ml
of 8.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eiuted Uranium with 50 m! of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HCI; Transfarred to
new, labeled C-Tubes with DE H20. Set samples aside for later precipitation and filtering.

11/6 /15




Printed: 11/9/2015 5:05 AM Page 1 0f1

& Oak Ridge Laboratory Intermnal Work Order 1 5_1 01 52
EBERLINE 601 Scarboro Rd.
}=3 i -
N Voice: 565.481.0653 sty Coce UUISO

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
Date Dept User : Notes
11/04115 11:44 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNC3 TO ACIDIFY SAMPLES- PRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
11/06/15 17:15 CHEM JDEMELAS Added concentrated HC| to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

fransferred to new, labeled C-Tubes, rinsing with 8N HCI 1o bring volume to ~35 ml; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 ml 8N
HCI, centrifuged as needed and loaded onto columns; Rinsed columns with 36 mt 8N HC1 — 0.1N NH4I, 35 ml
of 5.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 mi of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 ml of concentrated HCY; Transferred to
new, labeled C-Tubes with DI H20, Set samples aside for later precipitation and filtering.

11/09/15 05:05 CHEM TSMITH Followed steps 12.1.7 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Uranium )
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Eberline Analytical

Printed: 11/9/2015 5:08 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
' SERVICES Analysis Code Rjﬁn
Reagents Used in an Analysis UUISO 1
Reagent ‘Reagent - ' Reagent ' . Analyst ' Date
L{¥] Name ) Concentration o} Recorded
016519P Nitric Acid Reagent Grade JWOLFE 11/4/2015
016963P Anion Exchange Resin Reagent Grade JDEMELAS 11/6/2015
0169665 HCl - HF 6.5N - 0.04N JDEMELAS 11/6/2015
016983s HCI - NH4! 8N -0.1M JDEMELAS 11/6/2015
016874D03 Hydrochloric Acid C.5N JDEMELAS 11/6/2015
0165045 Hydrochloric Acid 6.5N JDEMELAS 11/6/2015
0169705 Hydrochloric Acid 8N JDEMELAS 11/6/2015
016796PF Hydrochloric Acid Reagent Grade JDEMELAS 11/6/2015
016968S Carbon substrate Solution TSMITH 11/9/2015
016569P Hydrofluoric Acid Reagent Grade TSMITH 11/9/2015
0165835 Necdymium Carrier 1 mg/ml TSMITH 11/9/2015
016514P Reagent Alcohol Reagent Grade TSMITH 11/9/2015
016606P Titanous Chloride Reagent Grade TSMITH 11/9/2015
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Printed: 11/4/2015 11:44 AM Page 10f 1

Oak Ridge Laboratory Inflernal Werk Order 15-10152
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysi
. lysis Code
work Order Analysis Notes Volce: 365|!481'°6.83 ThiSO
www,.eberlineservices.com Run Number 1
Date - Dept User Notes
11/04/15 11:44 | PREP JWOLFE ALIGUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
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Printed: 11/9/2015 5:19 PM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 5-—1 01 52
601 Scarboro Rd.
Oak Ridae, TN 37830 Analysis Code ThISO

Voice: 865.481.0683

www.eberlineservices.com Run Number 1
Date Dept User Notes _
11/04/15 11:44 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
11/09/15 17:19 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated fo dryness; Added 20 ml 8N HNO3 to samples and

transferred to new, labeled C-Tubes, adding 8N HNO3 to bring volume to ~35 ml; Preconditioned resin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 m! 8N HNO3; Centrifuged rinsates and Ioaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Eluted Therium with 50 ml of 8N HCl into clean, labeled 100-mi beakers; Dried-down samples on hotplats;
Dissolved samples in ~10 ml of concentrated HCI; Transfemred to new, labeled C-Tubes with deiononized

water,_bringing volume to ~15ml. Set samples aside for later precipitation and filtering.
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Printed: 11/10/2015 5:08 AM Page 10of 1

Oak Ridge Laboratory Internal Work Order 1 5_1 01 52
EBERLINE 601 Scarboro Rd.
Volke: 565,481.0685 wasecwe | ThISO

Work Order Analysis Notes —

www.eberlineservices.com Run Numbes 1
Date Dept User . Notes :
11/04/15 11:44 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES- DRIED
SAMPLES DOWN AND SUBMITTED SAMPLES TO SEPARATIONS
11/09/15 17:19 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNOS to samples and

transferred 1o new, labeled C-Tubes, adding 8N HNOS to bring velume fo ~35 mil; Preconditioned resin
columns with 50 ml 8N HNO3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Etuted Thorium with 50 ml of 8N HCI into clean, labeled 100-ml beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 ml of concentrated HCI; Transferred to new, labeled C-Tubes with deioncnized
water, bringing volume to ~15ml. Set samples aside for later pregipitation and filtering.

11M10/15 05:08 CHEM TSMITH Followed steps 12.2.5 to 12.4.5 in AP-005 ., { Preciptiated and filtered samples for Thorium }
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Eberline Analytical

Printed; 11/10/2015 5:10 AM

Oak Ridge Laboratory Pagelof 1
Internal Work Crder
EBERLINE 15'10152
SERVICES Analysis Code Rufi
Reagents Used in an Analysis ThISO 1
Reagent Reagent Reagent Analyst Date
iD Name Concentration 1D Recorded
016519P Nitric Acid Reagent Grade JWOQLFE 11/4/2015
016963P Anion Exchange Resin Reagent Grade JDEMELAS 11/9/2015
0169845 Hydrochleric Acid JDEMELAS 11/9/2015
016796P Hydrochleric Acid Reagent Grade JDEMELAS 11/9/2015
0169765 Nitric Acid JDEMELAS 11/9/2015
016516P Nitric Acid Reagent Grade JDEMELAS 11/9/2015
0169725 Carbon substrate TSMITH 11/10/2015
0168695 Cerrium Carrier 0.1mg/ml TSMITH 11/10/2015
016565P Hydrofluoric Acid Reagent Grade TSMITH 11/10/2015¢
016514P Reagent Alcohol Reagent Grade 0 TSMITH ;11/10/2015f
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SECTION VIII

ANALYTICAL DATA (ISOTOPIC URANIUM)
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* Sample Description:
Spectrum File:
Batch Identification:

Alpha”

SPIKE .
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001335
1510152A-00 - -

Sample Identification: o1

Sample Geometry: Shelf 2

- Procedure Description: U iso
Detector Name: Alpha 048
Chamber Serial Number: 02030596B
Detector Serial Number: 8311l

Env, Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 133945
<not performeds

1.000E+000 +/- 0.000E+000 liter
11/9/201% 6:27:15 AM
11/9/2015 8:38:26 AM

17¢.0 minutes

170.0 minutes

U232 _UU-10A

Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1654 +/- 0.0101
Counting Efficiency: 0.1700 +/- 0.0030 on 10/25/2014 3:27:02 PM
Chem. Recovery Factor: 0.9728 +/- (.0618
Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.874436 +/- 0.072603
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ———a

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.283 313.98 11.08 1.02 0.00E+000 8.7
U-234 4.731 429.15 9.47 0.85 3.00E+000 20.8
U-235 4.373 21.66 42 .50 0.324 ¢.00E+000 3.0
U-238 4,151 442 .15 9.33 0.85 0.00E+000 8.2

T = Tracer Peak used for Effective Efficiency
------ NUCLIDE ANALYSIS RESULTS B
1d Energy Activity MDA

Nuclide Conf {keV) (pCi/liter ) (pCi/liter )
U-232 0.997 5302.50% 5.04E+000 +/- 6.03E-001 1.01E-001 +/- 1.21E-002
U-234 0.993 4761.50%* 6.89E+000 +/- 1.05E+000 9.61E-002 +/- 1.15E-002
U-235 0.999 4385.50%* 4.29E-001 +/- 1.89E-001 9.47E-002 +/- 1.13E-002
U-238 0.992 4184.40% 7.07E+000 +/- 1.07E+000 2.57E-002 +/- 1.14E-002

e
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k&KX x SPECTRAL DATA REPORT kEkkE
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Apex-AIphaT”

Sample Description:
Spectrum File:
Batch Identification:

BLANK
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001334
1510152A-00U

Sample Identification: 02

Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Shelf 2
U iso

Alpha (49
10006121A

‘Detector Serial Number: 49

Env, Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 133946
<not performed:

1.000E+D00 +/- 0.000E+000 liter
11/9/2015 6:27:15 AM
11/9/2015 8:38:34 AM

170.0 minutes

179.0 minutes

U232 _UU-10A

Tracer Quantity: 0.600 mL
Effective Efficiency: 0.1547 +/- 0.0097
Counting Efficiency: 0.1525 +/- 0.0027 on 12/13/2014 2:45:02 PM
Chem. Recovery Factor: 1.0143 +/- 0.0664
peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -—————

Enerqgy Net Pk Area 2mbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV;
Uu-232 T 5.289%9 292.32 11.48 0.68 0.00E+0Q00 20.2
Uj234 4._.717 2.00 169.74 0.060 0.00E+000 3.0
U-235 4.402 2.00 169,74 0.00 0.00E+000 3.0
U-238 4.178 1.15 249.5 0.85 0.00E+000C 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—————
Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter }
J-232 0.999 5302.50* 5.02E+000 +/- 6.19E-001 9.68E-002 +/- 1,19E-002
U-234 0.986 4761.50* 3.43E-002 +/- $5.84E-002 1.03E-001 +/- 1.27E-(002
U-235 0.998 4385.50% 4.23E-002 +/- 7.21E-002 1.27E-001 +/- 1.57E-002
G-238 1.000 $184.40* 1.96E-002 +/- 4.91E-002 1.02E-001 +/- 1.26E-002

'

/f}?;’/ /5

gy

g

ik




¢ odAL 10Y

]
{n3y)Abusu3

0009 00S$ 000$ 005¥ 00s¢
T — T B I ; T 70
1
401
! 45T

| -
107
4
+0¢
+¢
T0b
1sp
405
158

§T07 $£:85:50 60 AON UOW: IJBIS DIV w

(AX) " £i9:920T ¢+ 00315 _]

(A7 9pveeT LB1S N
285 (07°0020T: aWLL B3y 109

385 J00°00Z0T: WLl IALT -

AND " 66FEET0000

S1Unod



-1

Page

kkkkk

REPORT
N N Y 22 i I 2 R R R RS RS R s 2t AR b nh iy

11:34:20 AM

11/5/2015
DATA

10200
10200

02

T s T T T R R
SPECTRAL

Charnnel Data Report
*kkk*k
Sample Title:
Elapsed Live time:
Elapsed Real Time:

OO0 0COOO0OO0OO0O0OOCOCOoOOC0

OO0 OOHOOOQOOOOOLO

[eReoNoNoNeNeNeNoleNelleeleolloRe el

sNeNeoNeNoNoNoRoNoNoNoReRalleRe e e

CO00OMOOO000000OOO

[aNoRoloNeoNoNeNaoReRe ool eiolele)

OO OOCOOO0O0O0O0

0
0
0
0
0
0

0
0
0
0
0
0

leNeoNoReReNoleReialasieie)

17:
25
"33 -
41
49;
57
65
73:
81
89
97
129:
137:

T R P P B
105
113
121

i45:
153
161

s R R Bl I & B ]

O QOO0

OO OO0 O

OO0 00

OO0 OQO 0O

COO0O00O0

o000 00

COQOOO0

om0
O~ o0Oo O
o NN

217:
233
241 :
249;
257:
265;
273 :

OO0 OCOOOOO0O000O"

OO0 O0OOQOQO00O0

[eNeNoNoReNolele Rl le)

COO0OCOoOOoOO0OO00O00 G

OO0 OoOO0O0COO0O .

[eNeoNoNoNoReNoReleRe o]

HoSNmMme VM
VOO ANINM <\
NANNMe Moo



11:34:20 AM -

©11/9/2015
Sample Title: 02

"Channel Data Report. : . -
369:

- OO OO OOCOOO0O0

COO0OQCO-OA0CO0

OO0 OO0 O0O0O000o

OO NM Ao
~WOoO O (M st LD
N oY o s s <

oG OO O00

DO OoOO0OOC0C 000000

OO OCOOOO OO0 0:

COoOO0OO0COO0 OO0 0O0

COO0OO0OO0O0O0 OO0 OO0

" 465:.
481 :
489:
497
505;
513:
F21:
529:
537:
545:
553
561:
569:

AN M

7
585
553
601

o N 14 T e BE av I o JL i 6 . i)

[ I B o 5 - o0 Q.

11

LOOoOOoOOO0O0

11
11
13

- o0 QO

12
14

Mmoo OO0 0o

13

198

N O OO OO

14

609
617:
625:
633
641 ;
649
657 :
665:
673:
681 :
689 :
697

[=NeoNoNoReRel

OO DO O0O0O

[oNeReRolloie

OO0 000

i e O Es N
Ol NN M
S Al

753 :

QOO0 00

761
76%S
AT
785
793

BEmaT Y



L Page:
0

0

0

:20-AM

11:34
0

©11/9/20615
0

0

02

0
0

Sample Title:
0

809:

801:
et e B R REREEEEY

Channel Data- Report .

COOCOOOODOO0OO0OD0o

leNeNeoRoRelNoRollolloloellellon)

[eoNeNeNeleRo ol ollolleRo RS

OO COOCOOO0ODQO0O

OO0 C OO0 OQOO0

OO0 O0OO0OCOOO0OC0O

OO0 QOOO0OOO0

COO0O0O0OO0OQOCOOOO0O

SN AWM e 0D
M NN W00 00O
00 00 00 00 03 CO QO O 00 00 00 &

[eNaRoNeRel

913:
921:
29
937
945:
953 :
96l:
969
877

OO OCO0O

OO 000

OO0 Qoo

™M e Oy O~
00O oA
NG EeRe R

™ e




g
_—=Apex-Alpha

Vs

| “{Q\“
Sample Description: KC-90-137-U-DUP
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001335
Batch Identification: 1510152A-UU
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 050
Chamber Serial Number: 100061218
Detector Serial Number: 50
Env. Background: System Bkgd 133947
Reagent Blank: <not performed:
Sample Size: S.000E-001 +/- O0.000E+000 liter
Sample Date/Time: 9/26/2015 6:27:15 AM
Acguisition Date/Time: 11/9/2015 8:38:37 AM
Acquisgition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.603 mL
Effective Efficiency: 0.1354 +/- 0.0090
Counting Efficiency: 0.1428 +/- 0.0026 on 12/13/2014 2:43:%9 PM
Chem. Recovery Factor: 0.9482 +/- 0.0654
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.290 256.66 12.24 0.34  0.00E+000 17.3
U-234 4.740 51.98 27.50 1.02 0.00E+000 4.0
U-235 4,387 6.49 80.4¢ 0.51 0.00E+000 3.0
U-238 4.164 35.00 33.60 0.00 0.00E+000 8.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -——--
Id Energy Activity MDA

Nuclide Conf {keV) {pCi/liter )} (pci/fliter )
U-232 0.999 5302.50%* 1.01E+001 +/- 1.32E+000 1.88E-001 +/- 2.45E-002
U-234 0.997 4761 .50% 2.04E+000 +/- 6.21E-001 2.47E-001 +/- 3.23E-002
U-235 1,000 4385.50% 3.14E-001 +/- 2.56E-001 2.54E-001 +/- 3.31E-002
U-238 0.997 4184 .40%* 1.37E+000 +/- 4.93E-001 2.34E-001 +/- 3.06E-002
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_Zhpex-Alpha”

Sample Description: KC91-159-L

Spectrum File: : \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001335
Batch Identification: 1510152A-0UU

Sample Identification: 04

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: . Alpha 051

Chamber Serial Numbex: 10006123A

‘Detector Serial Number: 51

Env. Background: Systewm Bkgd 133948

Reagent Blank: <not performeds

Sample Size: 5.000E-001 +/- 0.00CE+000 liter
Sample Date/Time: 9/26/2015 6:27:15 AM
Acquisition Date/Time: 11/9/2015 8:38:29 AM
Acguisition Live Time: 170.0 minutes

Acquisition Real Time: . 170.0 minutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.592 mL

Effective Efficiency: 0.1692 +/- -0.0103

Counting Efficiency: ¢.1524 +/- 0.0027 on 12/13/2014 2:42:37 PM
Chem. Recovery Factor: 1.1:105 +/- 0.0707

Peak Match Tolerance: 0.150 MeV

‘ Energy Net Pk Area 2Ambient Reagent FWHM
Muclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.285 315.11 11.10 2.89 0.00E+000 32.8
U-234°  4.730 27.11 39.92 2,89  0.00E+000 5.9
u-23s 4.407 1.98 176.34 .02 0.00E+000 3.0
U-238 4.160 25.49 39.27 0.51 0.00E+000 3.0

Id Enerqgy Activity MDA
Nuciide Conf, {keV) . {pCi/liter } {pCi/liter )
U-232 0.998 5302.50%* 9.90E+000 +/- 1.19E+000 2.78E-001 +/~- 3.30E-002
U-234 0.993 4761.50% 8.51E-001 +/- 3.58E-001 2.75E-001 +/- 3.29E-002
U-238 0.99% 4385 .50* 7.66E-002 +/- 1.35E-001 2.44F-001 +/- 2.92E-002
U-238 0.996 4184 .40%* 7.96E-001 +/- 3.27E-001 1.64E-001 +/- 1.96E-002
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_—==Apex-Alpha”

Sample Description:
Spectrum File:
Batch Identification:

KC91-155-TU
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001335"
1510152A-00

Sample Identification: 05

Sample Geometry:
Procedure Description:

‘Detector Name:
Chamber Serial Numbex:

Shelf 2
U igo

Alpha 052
100061238

Detector Serial Number: 52

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisitidn Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

System Bkgd 133949
<not performeds

5.000E-001 «+/-

$/26/2015 6:27:15 AM

1i/8/2015 8:38:40 AM
170.0 minutes
170.0 minutes

0.000E+00C liter

U232_UU-10A

s

Tracer Quantity: 0.599 mL
Effective Efficiency: 0.1705 +/- 0.0103
Counting Efficiency: 0.1607 +/- 0,0029 on 12/313/2014 2:40:57 PM
Chem. Recovery Factor: 1.0612 +/- 0.0669
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.283 321.1 10.95 0.85  0.00E+000 15,2
J-234 4,743 25.15 ‘ 39.85 .0.85 0.00E+000 3.7
U-235 4.373 1.66 169.38 0.34 0.00E+000 2.9
U-238 4 .1855 21.49 42,86 0.51 0.00E+0Q0 4.4

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conft. (keV} {pCi/liter ) {pCi/liter }
U-232 0.937 5302.50%* 1.00E+001 +/- 1.19E+000 1.87E-001 +/- 2.21E-002
U-234 0.997 4761 .50% 7.83E-001 +/- 3.26E-001 1.86E-001 +/- 2.21E-002
U-235 ¢.999 4385.50%* 6.38E-002 +/- 1.08E-001 1.848-001 +/- 2.18E-002
U-238 0.994 4184 .40* 6.66E~-001 +/- 2.96E-001 1.63E-001 +/~ 1.93E-002
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—=Apex-Alpha
Sample Description: KC-90~137-U
Spectrum File: \\OR-ALPHA1\Canberra‘\ApexAlpha\Root\Data\00001335
Batch Identification: 1510152a-00
Sample Identification: g6
Sample Geometry: Shelf 2
Procedure Degcription: U iso
Detector Name: Alpha 053
Chamber Serial Number: 100061227
Detector Serial Number: 53
Env. Background: System Bkgd 133950
Reagent Blank: <not performed:
Sample Size: 5.000E-001 +/- 0.000E+000 litex
Sample Date/Time: 9/26/2015 6:27:15 AM
-Acquigition Date/Time: - 1i/3/2015 8:38:30 AM |
Acquisition Live Time: 4 - 170.0 minutes
Acquisition Real Time: .. 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.596 mL
Effective Efficiency: 0.1613 +/- 0.0100
Counting Efficiency: 0.1455 +/- 0.0026 on 12/13/2014 2:39:33 PM
' Chem. Recovery Factor: 1.1083 +/- 0.0715
| Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM

Nuclide : {(MeV) Pk Area Error % Backgnd Backgnd {keV}
! U-232 T 5.239 302.49 11.28 .51 0.00E+000 14.5-
5 U-234 . 4.738 52.47 27.52 1.53  0.00E+000 4.8
: U-235 ' 4.420 5.66 85.23 0.34  0.00E+000 3.0
U-238 ... 4_.155 33.64  34.58 1.36 0.00E+000 3.0

Id Energy O Activity MDA
Nuclide Conf. = (keV) (pCi/liter ) {pCi/liter )
0 9,97E+000 +/- 1.21E+000 1.73E-001 +/- 2.1QE-002
] 1.73E+000 /- 5.20E-001 2.34E-001 +/- 2.84E-002
U-235 ¢.992  4385.50% 2.30E-001 +/- 1.98E-001  1.94E-001 +/- 2.36E-002
-0 1.10E+000 +/- 4.04E-001 2.25E-001 +/- 2.73E-002
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Page 1 of 2

G

A

pex-Alpha’

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :11/9/2015

Time : 54128 AM

C11/9/2015 5:41:28 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 21f ALL Passed 11/9/2015 5:22:42 AM
Alpha 004 21f ALL Passed 11/9/2015 5:22:43 AM
Alpha 005 21F ALL Not Dane

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21 ALL Not Done

Alpha 009 21f ALL Not Done

Alpha 010 21f ALL Passed 11/9/2015 5:22:44 AM
Alpha 011 211 ALL Passed 11/9/2015 5:22:45 AM
Alpha 012 21f ALL Passed 11/9/2015 5:22:46 AM
Alpha 013 21f ALL Not Done .
Alpha 014 21f ALL Passed 11/9/2015 5:22:47 AM
Alpha 015 21f ALL Passed 11/9/2015 5:22:48 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst!00DC ALL Passed 11/9/2015 5:22:49 AM
Alpha 034 Alpha Analyst100DC ALL Passed 11/9/2015 5:22:50 AM
Alpha 033 Alpha Analyst100DC ALL / Passed 11/9/2015 5:22:52 AM
Alpha 036 Alpha Analyst100DC ALL Va2 Passed 11/9/2015 5:22:53 AM
Alpha 037 Alpha Analyst100DC ALL . Passed 11/9/2015 5:22:55 AM
Alpha 038 Alpha Analyst100DC Peak Energy 4 Action 11/9/2015 5:22:57 AM
Alpha 039 Alpha Analyst100DC ALL - Passed 11/9/2015 5:22:58 AM
Alpha 040 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:00 AM
Alpha 041 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:02 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:04 AM
Alpha 043 Alpha Analysti00DC ALL Passed 11/9/2015 5:23:06 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:08 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:11 AM
Alpha 046 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:14 AM
Alpha 047 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:16 AM
Alpha 048 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:18 AM
Alpha 049 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:21 AM
Alpha 050 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:23 AM
Alpha 051 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:26 AM
Alpha 052 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:29 AM
Alpha 053 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:32 AM
Alpha 054 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:35 AM
Alpha 055 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:38 AM
Alpha 056 Alpha Analyst]1 00DC ALL Passed 11/9/2015 5:23:41 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:44 AM
Alpha 058 Alpha Analyst]30DC ALL Passed 11/9/2015 5:23:47 AM

 BEBEST




Page 2 of 2 Review of QA Results - Pulser Check
11/9/2015 5:41:28 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:51 AM
Alpha 060 Alpha Analyst100DC ALL Passed 11/9/2015 5:23:54 AM
/
APPROVED BY:
APPROVALDATE: [ //5
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| Library Listing Report 6/12/12 12:17:04 PM Page 1

*********************'k'k*************************)\"k***********************

Fok k& LIBRARY LISTING REPORT khkKK
P e T 22 2 T s AR R 2R R L L AL LA A R

| Nuclide Library Title: Uranium

| Nuclide Library Description:  U-232,-234,-235,-238

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) (keV ) Uncert. (kev ) (%) Uncert. (Abs.+-)
U-232 2.174E+009 5302.500% 0.000 89,8000 0.0000
U-234 7.731E+012 4761.5Q0%* 0.0G0O 99.8000 0.0000
U-235 2.221E+016 4385,.500% 0.000 80.9000 0.0000
U-238 1,.410E+017 4184 .400%* 0.000 100.2300 0.0000

* = key line

TOTALS : 4 Nuclides 4 Energy Lines

:
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SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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_==Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

Alpha”

SPIKE
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001337
1510152A-TH

01

Shelf 2

Th iso

Alpha_ 0535
10006125A

59

System Bkgd 133956
<not performed:

1.000E+000 +/- 0.000E+000 liter
11/10/2015 8:47:15 AM
11/10/2015 8:57:40 AM

170.0 minutes

170.0 wminutes

Th229 S TH-18A

Tracer Quantity: 0.467 mL
Effective Efficiency: 0.1092 +/- 0.0085
Counting Efficiency: 0.1717 +/- 0.0030 on 12/13/2014 2:24:23 PM
Chem. Recovery Factor: 0.6358 +/- 0.0509
Control Certificate MName: NatTh Th-8 ;
Chem. Recov. of Control: TH-232 0.938467 +/- 0.104167
Pezk Match Tolerance: 0.175 MeV

————— PEAK AREZ REPORT ————

Enexgy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.774 7.32 76.28 0.68 0.00E+000 3.0
TH-228 5.344 207.81 13.64 1.19 0.00E+000 17.4
TH-223 T 4.861 194 .66 14.086 0.34 0.00E+000 4.7
TH-230 4.611 261.00 12.16 0.00 0.00E+000 4.1
TH-232 3.938 188.66 14,28 0.34 0.00E+000 6.9

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf. (kev) (pCi/liter ) {(pCi/liter )
TH-227 0.971 5850.00% 1.82E-001 +/- 1.42E-001 1.40E-001 +/- 2.15E-Q02
TH-228 0.984 5400.00%* 5.05E+000 +/- 1.04E+000 1.60E~-001 +/- 2.45E-002
TH-222 0.999 4872.00% 4.75E+000 +/- 7.27E-001 1.17E-001 +/- 1.79E-002
TH-230 0,981 4672.00%* 6.35E+000 +/- 1.24E+000 1.46E-001 +/- 2.23E-002
TH-232 0.982 3997.00% 4.58E+000 +/- 9.59E-001 1.16E-001 +/~ 1.78E-002
yd
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o
"‘":‘"'Apex Alpha”
Sample Description: BLANK
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001337
Batch Identification: 1510152A-~TH
Sampie Identification: 02
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 060
Chamber Serial Number: 100061258
Detector Serial Numbexr: 60
Env. Background: System Bkgd 133957
Reagent Blank: <not performeds>
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 11/10/2015 8:47:15 AM
Acquisition Date/Time: 11/10/2015 8:57:42 AM
Bequisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 S TH-18A
Tracer Quantity: 0.234 mlL
Effective Efficiency: 0.1450 +/- 0.0135
Counting Efficiency: 0.1543 +/- 0.0028 on 12/13/2014 2:22:05 PM
Chem. Recovery Factor: 0.9398 +/- 0.0892
Peak Match Tolerance: 0.175 MeV
————— PEAK AREA REPORT -————
Energy Net Pk Area Ambient Reagent TWHM
Nuclide (MeV) Pk Area Exror % Backgnd Backgnd {keV)
TH-227 5.812 6.32 82.73 0.68 0.00E+000 3.0
TH-228 5.405 0.47 626.83 1.53 0.00E+000 3.0
TH-229 T 4.873 129.66 17.24 0.34 0.00E+000 5.9
TB-230 4,613 1.32 215.97 0.68 0.00E+000 3.0
TH-232 3.%09 2.83 120.53 0.17 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———=-
Id Energy Activity MDA
Nuclide Conf. (keV) (pci/liter ) {pCi/liter )

0 1.18E-001 +/- 1.00E-001 1.06E-001 +/- 1.93E-002
1. 8.59E-003 +/- 5.39E-002 1.30E-001 +/- 2.38E-002
TH-229 1.000 4872.00% 2.38E+000 +/- 4.35E-001 8.78E-002 +/- 1.60E-002
G 2.42E-002 +/- 5.24E-002 1.03E-001 +/- 1.89E-002
0 5.17E-002 +/- &.31E-002 7.63E-002 +/- L.39E-002
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_Ehpex-Alpha”

KC-90-137-U DUP

Sample Description:
Spectrum File:
Batch Identification: 1510152A-TH
Sample Identification: 03

Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 033
Chamber Serial Number: 040264797
Detector Serial Number: 91132

Env, Background:
Reagent Blank:

System Bkgd 133930
<not performeds

5.000E-001 +/- 0.000E+000 liter
9/26/2015 8:47:15 AM
11/10/2015 11:54:02 AM

170.0 minutes

170.0 minutes

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Acgquisgition Real Time:

Tracer Certificate: Th229_S_TH-18A

\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001337

Tracer Quantity: 0.232 mL
Effective Efficiency: 0.2073 +/- 0.0166
Counting Efficiency: 0.1805 +/- 0.0032 on 10/25/2014 2:26:39 PM
Chem. Recovery Factor: 1.1487 +/- 0.08943
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT --=--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.809 3.32 118,77 0.68 0.CO0E+000 3.0
TH-228 5.357 16.81 49,75 1.19 0.00E+000 3.0
TH-229 T 4.857 183.49 14.49 0.51 0.00E+000 9.4
TH-230 4.667 10.15 64 .46 0.85 0.00E+000 3.0
TH-232 3.9%6 7.66 72.63 0,34 0.00E+0Q00 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ————=
Id Energy Activity MDA
Nuclide Conf (keV) (pCi/liter ) (pCi/liter }
TH-227 0.991 5850.00%* 8.74E-002 +/- 1.06E-001 1.48E-001 +/- 2.33E-002
TH-228 0.990 5400.00%* 4 .50E-001 +/- 2.35E-001 1.76E-001 +/- 2.77E-002
TH-229 0.99°9 4872.00%* 4.71E+000 +/- 7.41E-001 1.35E-001 +/- 2.12E-002
TH-230 1.000 4672 .00% 2.60E-001 +/- 1.72E-001 1.53E-001 +/- 2.41E-002
TH-232 1.000 3997.00% 1.96E-001 +/- 1.46E-001 1.22E-001 +/- 1.92E-002
(ftifrs
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Sample Description:
Spectrum File:

Batch Identification:
Sample TIdentification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Energy Net Pk Area  Ambient Reagent FWEM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.753 1.98 176.34 1.02 0.00E+QQO0 3.0
TH-228 5.358 10.81 63.34 1.19 0.00E+00C 3.7
TH-229 T 4.863 187.83 14.31 0.17 0.00E+000 5.0
TH-230 4.604 15.00 52.27 0.00 0.00E+000 3.0
TH-232 3.983 4.15 107.12 0.85 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Conf. {keV) (pCi/liter ) (pCci/liter )
TH-227 0.952 5850.00* 5.04E-002 +/- 8.92E-002 1.60E-001 +/- 2.49E-002
TH-228 0.991 5400.00* 2.79E-001 +/- 1.82E-001 1i.70E-001 +/- 2.65E-002
TH-229 1.000 4872.00% 4.66E+000 +/- 7.25E-001 1.04E-001 +/- 1.61E-002
TH-230 0.976 4672.00% 3.71E-001 +/- 2.02E-001 1.48E-001 +/- 2.31E-Q02
TH-232 0.999 3997.0G0% 1.03E-001 +/- 1.11E-001 1.48E-001 +/- 2.30E-002

Alpha”

KC91-159-L
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001337
1510152A-TH

04

Shelf 2

Th iso

Alpha 034
040264739B

91136

System Bkgd 133931
<not performed:

5.000E-001 +/- 0.000E+000 liter
9/26/2015 8:47:15 AM
11/10/2015 11:54:03 AM

170.0 minutes

170.0 minutes

Th229 § TH-18A

0.229 mL

0.2145 +/- 0.0170

0.1789 +/- 0.0031 on 10/25/2014 2:30:05 PM
1.1994 +/- 0.0974

0.17% MeV
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_Snpex-Alpha’

Sample Description: KC91-159-U

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001337
Batch Identification: 1510152A-TH

Sample Identification: 0%

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 035

Chamber Serial Number: 04026477A

Detector Serial Number: 58771

Env. Background: System Bkgd 133932

Reagent Blank: _ <not performeds

Sample Size: 5.000E-001 +/- O0.0008+000 liter
Sample Date/Time: 9/26/2015 8:47:15 AM
Acquisition Date/Time: 11/10/2015 11:53:58 AM
Acquisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 minutes

Tracer Certificate: Th22% § TH-18A

Tracer Quantity: 0.231 mL

Effective Efficiency: 0.2084 +/- 0.0167

Counting Efficiency: 0.1647 +/- 0.0029 on 10/25/2014 2:34:10 PM
Chem. Recovery Factor: 1.2651 +/- 0.1037

Peak Match Tolerance: 0.175 MeV

Nuclide

Energy Net Pk Area Ambient Reagent FWHM
(MeV) Pk Area Error % Backgnd Backgnd (kev)
5.837 5.32 91.11 0.68 0.00E+000 3.0
§.395 11.15 61.26 0.85 0.00E+0Q00 3.0

T 4.898 183.83 14.46 0.17 0.00E+000 8.4
4.607 10.00 65.01 0.00 0.00E+000 3.0
3.953 10.66 61.14 0.34 0.00E+000 3.0

Id Energy Activity MDA
Conf. {keV) (pCi/liter ) {pCi/liter )
0.999 5850.00%* .39E-001 +/- .29E-001 L48E-001 +/~ 2.32E-002

1 1 1

2.97E-001 +/- 1.88E-001 1.59E-001 +/- 2.50E-002
0.996 4872.00% 4,70E+000 +/- 7.37E-001 1.07E-001 +/- 1.67E-002

2.55E-001 +/- 1.70E-001 1.53E-001 +/- 2.40E-002

2 i 1

0.990 3997.00%* .71E-001 +/- L.71E-001 .22E-001 +/- 1.91E-0Q02
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=Apex-Alpha”
Sample Descriptiomn: KC-90-137-U
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00601337
Batch Identification: 1510152A-TH
Sample Identification: 06
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 036
Chamber Serial Number: 040264778
Detector Serial Number: 84167
Env. Background: System Bkgd 133933
Reagent Blank: <nct performed:
Sample Size: 5.000E-001 +/- 0.000E+000 liter
Sample Date/Time: 9/26/2015 8:47:15 AM
Acquisition Date/Time: 11/10/2015 11:54:00 AM
Acquisition Live Time: 170.0 minutes |
Acquisition Real Time: 170.0 minutes |
Tracer Certificate: Thz29 5 TH-18A
Tracer Quantity: 0.229 mL
Effective Efficiency: ©.1857 +/~ 0.0157
Counting Efficiency: 0.1806 +/- 0.0032 on 10/25/2014 2:38:17 PM
Chem. Recovery Factor: 1.0282 +/- 0.0887
Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd  Backgnd {keV}
TH-227 5.754 6.66 78.18 0.34 C.0CE+000 3.0
TH-228 5.412 7.30 81.83 1.7¢ 0.00E+000 4.5
TH-229 T 4.881 162,48 15.49 0.51 Q.00E+00O0 4.7
TH~230 4.593 4.66 94 .58 0.34 0.00E+000Q 3.0
TH-232 3.968 3.66 107.87 0.34 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf. (keV) {(pCi/liter ) (pCi/liter }
TH-227 0.953 5850.00% 1.96E-001 +/- 1.56E-001 1.41E-001 +/- 2.33E-002
TH-228 0.9939 5400.00% 2.18E-001 +/- 1.82E-001 2.19E-001 +/- 3.63E-002
TH-229 1..000 4872.00% 4.66E+000 +/- 7.72E-001 1.50E-001 +/- 2.49E-002
TH-230 0.968 45672.00%* 1.33E-001 +/- 1.28E-001 1.37E-001 +/- 2.26E-002
TH-232 0.996 3997.00% 1.04E-001 +/- 1.14E-001 1.36E-001 +/~ 2.26E-002
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Page 1 of 2

_Snpex-Alpha’

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :11/10/2015
Time : 6:32:15 AM

11/10/2015 6:32:15 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 21f ALL Passed 11/10/2015 6:10:03 AM
Alpha 004 21f ALL Passed 11/10/2015 6:10:04 AM
Alpha 005 21f ALL Not Done

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Done

Alpha_009 21f ALL Not Done

Alpha 010 21f ALL Passed 11/10/2015 6:10:05 AM
Alpha 011 211 ALL Passed 11/10/2015 6:10:06 AM
Alpha 012 21f ALL Passed 11/10/2015 6:10:07 AM
Alpha 013 21f ALL Not Done

Alpha 014 21f ALL Passed 11/10/2015 6:10:07 AM
Alpha 015 21f ALL Passed 11/10/2015 6:10:08 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:09 AM
Alpha 034 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:11 AM
Alpha 035 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:13 AM
Alpha 036 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:15 AM
Alpha 037 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:17 AM
Alpha 038 Alpha Analyst100DC Peak Energy Action 11/10/2015 6:10:19 AM
Alpha 039 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:22 AM
Alpha’ 040 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:25 AM
Alpha 041 Alpha Analyst100DC ALL Passed. 11/10/2015 6:10:29 AM
Alpha 042 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:32 AM
Alpha 043 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:36 AM
Alpha 044 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:40 AM
Alpha 045 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:44 AM
Alpha 046 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:48 AM
Alpha 047 Alpha Analyst100DC ALL Passed 11/10/2015 6:10:52 AM
Alpha 048 Alpha Analyst160DC ALL Passed 11/10/2015 6:10:56 AM
Alpha 049 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:00 AM
Alpha 050 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:.05 AM
Alpha 051 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:11 AM
Alpha 052 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:15 AM
Alpha 053 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:20 AM
Alpha 054 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:24 AM
Alpha 055 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:28 AM
Alpha 056 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:33 AM
Alpha 057 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:38 AM
Alpha 058 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:42 AM

:




Page 2 of 2 Review of QA Resuilts - Pulser Check
11/10/2015 6:32:15 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 11/10/2015 6:11:48 AM
Alpha 060 Alpha Analyst!00DC ALL _ Passed 11/10/2015 6:11:52 AM
APPROVED BY: 7%

APPROVALDATE: (! ’ o5
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Libraxry Listing Report 6/12/12 12:;16:2% PM Page 1

********************************************************************1\'****

HRREKR LIBRARY LISTING REPORT * ok okok ok
kR kk Ak F AR AR RA IR AR F R R R R IARAATEF I AT AR TR R I A AR AR RAXRF AT I A AT R RAF I TR ALRAR

Nuclide Library Title: Thorium

Nuclide Library Description: Th-227,-228,-229,-230,-232

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) {kev ) Uncert. {kev ) (%) Uncert. (Abs. +-)
TH-227 6.873E+008 5850, 000%* 0.000 97.5000 0.0000
TH-228 6.034E+007 5400,000% 0.000 99.9400 0.0000
TH-229 2.487E+011 4872 .000%* 0.000 99,5200 0.0000
TH-230 2.379E+012 4672.0G00%* 0.000 99,8200 0.0000
TH-232 4. .434E+017 3987.000%* 0.000 100.0000 0.0000

* = key line

TOTALS: 5 Nuclides 5 Energy Lines
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