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Date for Partial Initials Date Initials Checklist ltems
F256 [sef Sample Log-In
351 G Data Compilation
OIS A lT, First Technical Data Review
| 0,,5 [ 5 Second Technical Data Review
{Ofﬁfih < T Data Entry/Electronic Deliverable
1!0/90’ [5 &;_)‘, Case Narrative
s ] | zwore o
@//5 %/B Electronic Deliverable Proof
I Samples Aptalyzed within Hoiding Time
wla‘?! 5 Yes? [X " INo? | ]
4 QA/QC Review
m[ﬂé‘lll‘a Juqh(/
vl Client in Possession of Data
D_/Jle\(fJ 5-31" Electronic or Hard Copv
Inveiced by Laboratory
Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/Initials

Date package approved by:

N [oleH §

Laboratory Manager 1-. Date
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CHAIN OF CUSTODY

&
pH CHECK SHEET

| BAGHY




¢eimeladus), ego | O B/y0
Zloelu| ssaueilior) poAlsasay 0O Yesm L 0O 1 eae ‘ewi] Bleq (aimeubis) :Aq paysinbulay
108 §{eas DD O INoH e O # rA7 P &:— m\.ﬁ\,ﬁlﬁu
£IU3s314 s{eag 00D G eunnoy O | lesa] ’ _
SPEAD0aY SISUBIUOY # [R10] L By e Am._amcm_mv :Aq peaenay {smeubig) Ag nmﬁmmzcc%
4
1diooay a|dweg punorewny, [eAs™] DONVD :Q.QM...G h\\ \QW &M\Q\E ; g %
‘{faoioge Ag pejajdwo)) syeway uepojsny ejdueg J9UHE 1aeg {aunteuBis) :Aq pBaeoay foangeubis) 1Aq paysibulen

A

/1

|

|

i
TR IR o7 qreoeiy . m:mﬁ\\v@\"m\ ]
%,.ﬁ..,u.vu u.ﬁuﬁ,.qgu > m ot ..w\N,M\ qu.bﬂ\mu g & S\\NMQ - S8A
[TV T | | 2o Th'pl P h —7-280 -S£H

um”_,u.u:ﬂ 5% ‘_MHI,,/MM_.

o

“Zh.,

N,

T-35530- 5277

o m.ﬁum_u EETER

ISy I

cel

SYEY b

75K - 28 1

StssL = NP X T PProm [ 9SVE, 1-S2 0S¢
(e Aq pajeiduas eq 018 ‘suojion w e N
_Q_nhMmem n_m.u.m » nm_wﬁmmaMmmu__“._m&rw:ﬁO ru\_F\_ﬁ f 9 S 5. wn._vw._wﬁm_n..__m_w mv_nmw.mwcm m_ME_Ww w_mn_uEmm D_m_aEMw-mM._u_ e
AN Y L19E-G/9-G98 xey
m.mﬁ m__wmmw ,@r M,Y vw_ ,S A :Buniaoay Aoeleqet 6998-5/9-598 suoyd
P ey S e LOGUINN Iy ZE6LE N.L ‘SlliAxouy
Gl0¢ ¢ ¢ d38 () /R A G a . 5
‘ S S SS3IAXT [BI2PI pouep wawdus 1 9uns ‘peoy 1pboD 1286
g /2 A :
&ﬁo\ i ‘n.uu... %J oT :{swen uug) Jedwes ' sseippy
= /= &
~ 0 ﬂ 3beg . & (3 h.P/tf. o~ 1(owsep Juird) Jojdweg | "O0SSY F JBIXNYUSBIG BIIDSD o) 1ioday puag
@ M m‘ m - M‘_/ ...,W.J Mﬂﬂ.ﬁm.i Jequiny 1oeloid NYM/dVd ewen alolg
. [ ) . * kN T
cmoIANTS 7 xed 120068 (S98) » auoud ca90 157 {go8) &
0£848 NL 'oBpy Me0( © _
MZ—I—mwmm pEOY 0l0qUE0T 109 .vom_\ 02
..ﬂ. F3MSG UG

24

pi028Yy Apoisng 1o uieyn

I BERBOE



someadway BYO o JBYI0
ZIOBIU] SIBUIBILOD DOAIBYBY O eem L O wWoeAed
&B| sjees OO O InoH b2 1 Reae
Jluasaid s(ess 000 O sunnoy I =L

JpoAj@asy SIBUIRIUDD # {BI0),
1disoay adwes punoJeur) j2ra 20D

eung |eg %._m :AQ uazmowm““ (ainreuBig) :4q paysinbuilsy
o] §1-TCY
selul] 9)eQg (einfeubis) :Aq peAigosy {oineulis) :Aq nmém_:_u:mw&.

41514 \a,\\w\w

K ‘ L4
ﬁm_amcwm ) :AQ poAlRasY

! as%kg&

9

:{Kioioge Ag paterdwon) syreway uepoisng gidues Bl 8teg
4
/ |
o STEHe
TRBIR 5 (g 1%
d,_ﬁ..,u.x.vu 3oV X X VA % X /7 \ ,Fi.éD) Qs z! M\.\.NQ.% /7 l%%\ —- 2N
=V Py SR IX TN T |75 [ o7 7 Y56 W77 ~60C —Lb D
T 5w 2] XU KXY Y 1T [P0 207 e e 7608 ~Lb o
RS YIXIRIX XX T Yo | feor Lvjeife| Bt 7 ~Lbl—hb I
Stitssl, 22 NP SAXIXK A " PP reoml Tb eIl h=—bbl —AbIA
Emﬂw%_-mﬂﬁm_:momhﬂ i _m._w%a.mm_mmoﬁ_wwﬂwuo f \?x/\ 9 S %r ./\ . wum..ﬁmﬁmm mﬂmﬁm‘m @Mc&,%w m_w_uwmm al maEmmnM_anm
LAY W B 1795-G/0-G98 _xed
. RS o ; :
T I i t [ & n\_ » :Buinevey Aoeiogen 699E-G/9-508 rauoyd
osBYIng - . (P N
i s HIWV o f& 1IaGUNN [y ZEBLE NL ‘BlilAxou
aC = .y AN <RYEd 4]
LE & %m m..v..ﬁx .ﬂ, & §804dXT |BI8P3 - pouen wewdug | ®1NgG ‘pecy |IPBoD 1286
5 /a /8 .
mPDN m N M > _a.m.w n.\J QT »&,u H(swep wug) Jedweg 552UppY
R o . &
T e e A i ~.,,.,N. < ‘(s 1uiid) Jadureg | 90SSY B JAIXNY/USRIY BIIDBD 1) ioday pusg
L7/ g v/ A

S sequny waforg

NYM/dV d :ewen wafeid

SIDIAYIG

L 6/0 /

7

ANITTaa3d

/¥

DEBLE ML *86pis O [,
peol SIS 109
S30JALOG SU|HAGT -

e o)

aN

piooay Apoisn) jo uley




Internal Work Order #

EBERLINE Chain of Lab Deadiine 10/16/2015

SERVICES Analysis UUISO - Level 4
CU StOdY Sample Matrix Water

Oak Ridge Laboratory

Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location ‘
04 35 Ul.1
05 31 Ul.1
06 37 ut.1
07 35 Uil

RE-LOG of 15-09131, fractions 07, 08, 16 & 19

Location {circle one) Initials Date
4
Received by Sample Storage Rough Prep Prep Separations Count Room \v\(' i / —
olPo ¢ s
. et h L’/ L}
Relinquished by Sampte Storage Rough Prep Prep Separations Count Room - - 04 —T
WO (DLl OIS

-

4 — l -y ‘ J f
| Received by Sample Storage Rough Prep Prep @ Count Room ?W w ﬂ/l g WL

. T

Relinquished by Sample Storage Rough Prep Prep Garations: Count Room W -h-1T o9y

Received by Sample Storage Rough Prep Prep Separations @\”,—W; / MW

| el

Relinquished by Sample Storage Rough Prep Prep Se i ——\_67/‘; s B
/M

Received by Sampl Rough Prep Prep Separations Count Room

Relinquished by Sa@hragé"/ ’ Rough Prep Prep Separations Count Room
Received by Sample Sorage Rough Prep Prep Separations Count Room
hhhhhh Relinquished by Sample Storage Rough Prep Prep Separations Count Reem
Received by Sample Sterage Rough Prep Prep Separations Count Room
l!—e_l;l;q;;shed by Sample Storage Rough Prep Prep Separations Count Room i
Received by Sample Storage Rough Prep Prep Separations Count Reom j
Relinquished by Sample Sterage Rough Prep o Prep Separations Cecunt Room

Pn‘nled:: %ﬁ@%%s%



Internal work Order #

EBERLINE Chain of " Lab Deadiine 10/16/2015

SERVICES
Analysis ThiISO - Level 4
C U Sto d y Sample Matrix Water

Oak Ridge Laboratory

Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
o 04 . 35 ul.1
05 o ‘31 “““ U1l
06 ) 37 ul.1
07 35 ura

RE-LOG of 15-09131, fractions 07, 08, 16 & 19

Location (circle one) Initials Date
Received by Sample Storage Rough Prep Prep Separations Count Room \W
D2
Y L] (/
Relinquished by Sample Storage Rough Prep Separations Count Room \M i
== [4
- L

Received by Sample Storage Rough Prep Prep @aﬁmﬁ! Count Room WJM ’,MH( 0({{ g—

Relinquished by Sample Storage Rough Prep Prep @ Count Room 9{9& '0/4,1/5 (5’/5_
Recetved by Sample Storage Raugh Prep Prep Separations @ w \ i
Lol ik IS3D

Relinquished by Sample Storage Rough Prep Prep M /% /
= 7D/ DY U
Received by SamW Rougnfm Separations Count Room

Relinquished by SaMgh Prep Prep Separations Count Roem

Received by Sample Siorage 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
Relin.quished by Sample Storage Reough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Sterage Rough Prep Prep Separations Count Roem

Primef.l: %%% @%\A



Printed: 9/25/2015 1:06 PM

Page lof 1

Sample Receiving Report

(Volumes, pH, & CPM)

Internal Work Order

15-09136

Received By

JBAILEY

FR ClientID # Bils Comments Matrix Storage |Rec Vol Ttl] CPM Max
o1 | 1C5 0 WA yi.1
02 | BLANK 0 WA ULl
03 [ pup 0 WA y1.1
04 | KCB5-032-L 1 WA ui.l 3.76 35
REIETEE ~Container Number_| — pHoOng .|~ pH Final [~ Volume{L) . | COICEM.
1 7 7 3.7600 35
05| KC85-032-M T WA Ul.l 3.76 31
. Gontainer. Number ;|5 pH-Origii - ~pHFinal - | Voluma {L) "] CCPM-
1 7 7 3.7600 31
06 | KC94-199-U [ 1 WA Ui.1 3.76 37
T ContainerMumber. |- pB Orig -] -~ -=pH Final -1} Volume (LY. | .~ CPM 7&'
1 7 7 37600 37
07! KC97-209-U | 1 WA T 3.76 35
~“Container Number ;. - pH Orig : -~ |=5 " pH Final> “Volome (L) o o CPME:. -
1 7 7 37600 35

Received by.

Date: ?")—5"/ 9

MP-001, Rev 5

Effective: 11/22/02

: AERERS
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é" EoeRLire STANDARD OPERATING PROCEDURE

(7 BCRVICES .
\-ﬁ Sample Receiving

Ej

MP-001, Rev. 13
ffective: 10/31/13
Fage 130f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
MP-001-2

work orDER#___ 19 =0 Q 14 36

SAMPLE MATRIX/MATRICES: (CIRCLE ONE OR BOTH)

NON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A}

WERE SAMPLES:

Received in good condition?

If aqueous, properly preserved

=z

N/A

WERE CHAIN OF CUSTODY SEALS:

Present on cutside of package?

Unbroken on outside of package?

Present on samples?

‘Unbroken on samples?

QoY ©

2 |2 1212 | 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 4

DATE: -2.5 -5 )

Copy No.

Radfochemistry Services

eEel 2



Elizabeth Towe:z

From: Cecilia Greene <cgreene@auxier.com>
Sent: Friday, September 25, 2015 12:47 PM
To: Mike McDougall

Cc: Elizabeth Towery

Subject: additional analysis for 15-09131

Mike, the client has opted to analyze 4 samples for isotopic uranium and isotopic thorium. Mostly negative
documentation.

KC85-032-M
KC85-032-L
KC97-209-U
KC94-199-U

Regards,

Cecilia Greene MPH, NRRPT
Auxier and Associates
865-675-3669 phone
865-675-3677 fax

cgreene@auxier.com

cBEel3
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CASE NARRATIVE
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EBERLINE ANALYTICAL CORPORATION
601 SCARBORO ROAD

@ E B E R Ll N E OAK RIDGE, TENNESSEE 37830
SERVICES PHONE (865) 481-0683

: FAX {(865) 483-462I

EBS-OR-39851
October 27, 2015

Cecilia Greene

USA ENV LP/Auxier & Associates, Inc.
9821 Cogdill Road, Suite 1

Knoxville, TN 37932

CASE NARRATIVE
Work Order# 15-09136-OR

SAMPLE RECEIPT

This work order contains four water samples received 09/22/2015 and re-logged at the client’s request
09/25/2015. These samples were analyzed for Isotopic Uranium and Isotopic Thorium.

CLIENT ID LAB iD
KC85-032-L 15-09136-04
KC385-032-M 15-09136-05
KC94-199-U 15-09136-06
KC97-209-U 15-09136-07
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 eluted, micro-precipitated
and mounted on micro-porous filter media. Sample activities were then determined by alpha speciroscopy
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 {racer 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

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, Uranium-235 and Uranium-238 duplicate demeonstrated 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 a representative aliquot 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 aipha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Chemical recovery was acceptable for
alt samples. The Thorium-228, Thorium-230 and Thorium-232 method blank demonstrated acceptable
results. Results for the Thorium-228 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the 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 accurate as verified by the following signature.

N

M.R. McDo
Laboratory Manage

Date: 10/27/2015

Eberline Analytical wants and encourages your feedback regarding our performance providing radioanalytical services, Please
visit hitp://www.eberlineservices.com/client.htm to provide us with feedback on our services.

Page 2 of 2
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SECTION IV

ANALYTICAL RESULTS SUMMARY
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SECTION V

ANALYTICAL STANDARDS




~[QA/QC REVIEWED | CERTIFICATE OF CALIBRATION
| 111647 s 1| ALPHA STANDARD SOLUTION

Radionuchide: U-238NAT Customer: TMA EBERLINE

Half Life: (4.468 + 0.005) x 10°2 years P.O.No.: OR2778

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

Contained Radioactivity: (Total U) 297 kBq
Description of Sclution

8. Mass of solution: 65.2896 g in a 50 mi flame sealed ampoule

b. Chemical form: Urany! Nitrate in H2Q

¢, Carrier content: Nong

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 U) 0.1228 aCig.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement

a. Systematic uncerfainty 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 traceable to the National Institute of Standards and Technology.

1 eak Test(s)

See reverse side for Leak Test(s) applied to this source.
Notes ’

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia $. Shirley, 1936.
2. TFL participates in an NIST measurement assurance program to establish and maintain inplicit teacesbility for a mumber of nuclides,
based on the blind assay (and later NIST certification) of Standard Refecence Materials (As in NRC Regulatory Guide 4.15).

——EHe, | BB ALLAS
QU}% Y CONTROL

22 D i
Date Signed

ISOTOPE PRODUCTS LABORATORIES
} BERRSNRRNN | 3017 N, Saw FERNANDO BLv.
IR | Buksank, CALIFORNIA 91504

PRODUCTS
818-843°7000 Fax 818-843-6168

CLABORATORIES:




QUALITY CONTROL PROGRAM

MP-009

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

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

CURRENT DATE;{:
2|  SOLUTION #f

h

SOLUTION REFERENCE #|IPL 479-
PI“II’!C] al Radlonucllde Half Life, Years Half Llfe Days
4 09 [0 ed.6a2E412]

0]

Radionuclide
Certified Activity
Certified Concentration

400|Weight, Grams

5020 Weight, Grams

| Weight, Grams
pGi.

Ampoule /Solution Gross|
Empty Ampoule|.

Solution Net

Total Activity in Ampoule| -

Chemical GComposition of Standard Solution
[Urany

Dilution Solvent Used

Dilution Instructions:

Dilute to a volume ofj milliliters

Certified Total Activity of| .- 8.0160|uCi Which Equals |/ ""1:780E+07{dpm at the date listed above

This activity concentration is based on the criginal

And after dilution the actwuty of this solution is| 1. 77955E+04|dpm/mteference date listed above. All activities are corracted
to the date and Sime of analysis by the laboratory data

processing software,

Expiration Date:| " “July-27, 2016 -]

Q% Date: 10/1/2015 0:00
S

Verified & Approved By P

QC Approval (Z’/_/{(IQMU%%QXS’/ Date:__ s>/ / !
R A O 7

iR




MP-008

VIGE

ﬂ

%E‘- B ERLIN QUALITY CONTROL PROGRAM

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

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTiONS
SECONDARY DILUTION RECERTIFICATION

MP-g09 Date[]
Solution Reference #{IPL:472:50 Solution #

10/1/2015 . 00

Principal Radionuclide Haif Life, Years Half Llfe Days
p - S [L7 .632E+12]

Radionuclide of Interest'
Parent Solution Cong.

Reference Date

dpm/ml

Chemlcal Composltlon of Standard Solution

Dilution Instructions: Dilution Solvent Used

SECONDARY YOLUMETRIC DILUTION

0000 mi ‘
04 |dpm Final Activity Concentration:| 772 7 1182E+01 | dpmimi
,001mi

Vol. Parent Solution:
Total Activity:
Final Volume:

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

NOTES:

Isotopic Distribution as:

U-238 Atom % = 48,230 U-236 = 71.162 dpm/mi X 0.48249 = 34,345 dpm/iml
U235 Atom % =2.25 U-235 = 71.182 dpmi/mi X 0,0225 = 1.602 dpm/ml
U-234 Atom % = 49.501 U-238 = 71.182 dpm/mi X 0.49501 = 35.236 dpmimi
Al values +- 3.6%

Expiration Date:]—_ July 27, 2016 |
Isotopic ratios from manufaciurer's data sheet

TOND

Verified & Approved By S Date: 10/1/2015 0:00
QC Approval ¢ © Date: /@/ i / <
o 1]




Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

Approved
Signatory

Principal radionuclide:

Product Description & Measurement Certificate

uranium 232 (U-232)  Product code: UDP10050
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 equivalent to 1.821E-01 microcuries per gram of solution

£.35¢€ gromas
5.035 millilitres
3.61E+04 becquerels

9 76E-01 microcuries

Mass of sohtion
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 daughirer 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 measured

Catculated 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 vears

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 UJ-232.

For safety information and notes to ensure correct usage by all persons handling this radicactive Tracer
solution please read the insfructions accompanying the package,

AEA Technology operates a quality management system which has been independently audited and
approved to 1SO 9061, '

i

Roger Wiltshire

Project Ref. AE2315

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Techuology, QSA.

Trkeertwps 10703/0C




QUALITY CONTROL PROGRAM
EBERLINE MP-009

Rev.8, 11/01/03 ]
Title:  Radivactive Reference Standards Solutions & Records

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

MP 009
‘ CURRENT DATE| - - ,11111!2014 0 00
SOLUTION REFERENCE #IAEA/Amersham 92/232/67---:]  SOLUTION #]:: 5 110
Principal Radionuclide Half Llfe. Years Half Llfe. Days
BT N [ '2.630E+04}
Radionuclide] - Reference Date|.. 7 '3/1/2600:0:00!

Certified Activity
Certified Concentration|:

9.760E-01]uCi
LG per gram

Ampoule /Solution Gross| - ' |Weight, Grams
Empty Ampoule|- = \Weight, Grams

Solution Net|. * © - .- |Weight, Grams

Total Activity in Ampoule - 0.9760{pCi

Chemical Composmon of Standard Soluti
NG )g in 2M N, .

[Dilution Instructions: Dilution Solvent Used 2M HNG; .

Dilute to a volume off; - S0 milliliters

Certified Total Activity of] - = 0.9760|uCi Which Equals | . .2.167E+06!dpm at the date listed above

. . e i This acfivity concentration is based on the original
And after dllutlon the activity of this solution is| 2.167E+03|dpm/m|  reference date listed above, All activities are cotrected
to the date and time of analysis by the laboratory data
processing software,

Expiration Date:| November4, 2015 |

Verified & Approved Bm /& Date:  11/11/2014 0:00
‘ ——

QC Approval : Date: It ![ SL‘{'

— — |

[l
\J




B _
@ EBERLINE QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radioactive Referance Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Datel' ‘ 11:11/2014 0:00
Solution Reference #{AEAAMersham 92/232/67. | Solution #- - U108 F
Principal Radionuctide Half Life, Years ' Haif Llfe, Days
Py " 7.200E+01 L - " 2.630E+04)
Radionuclide of Interest] ¢ 2%y 7 Reference Datel 1"~ 3/1/2000°0:00 |
Parent Solution Cone.|. *=2:167E+03 dpmiml
Chemical Composutson of Standard Solutum
PZO(NO;)s in 2M HNO; - R
Dilution Instructions: Dilution Solvent Used [2M:HNO;

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:| "7 40:0000] ml
Total Activity:| -2.1670E+04|dpm Final Activity Concentrationy] < 2 1670E+01]{dpm/m)
Final Volume: |+ 1000.00|ml

This activity concentration is based on the original
NOTES: reference date listed above. Al activities are
corrected to the date and time of analysis by the
taboratory data processing software.

Expiration Date:] November 4, 2015 |

Date: 11/41/2014 0:00

Date: ill (% /h{-’
[ [

Verified & Apprh ’3
7

I
i,




uA/uc REVIEW RTIFICATE OF CALIBRATIO}

LPHA STANDARD SOLUTIO

Date 1, 1nmals...._..
" Radionuclide Th-230 Customer: TMA EBER
Half Life: {7.54 1 0.03) x 10°4 years P,0.No.: TT4944
Catalog No.: 7230 Reference Date: November 1 1991 12.00 psy.
Source No.: 388-116 Contained Radioactivity: 1.036 G
Deseription of Solution ‘
a. Mass of solution: 5.0042
b. Chemical form: ThNO3)4 in 0.1N HNO3 g
¢. Carrier content: None added
d. Density: 1.0016 gramiml @ 20°C.
Radicimpurities

See attached technical data sheet

Radioactive Daughters
See aftached technical data sheet

Radionuclide Concentration
0.207 #Cligrazs.
Method of Calibration

Weighed aliquots of the solution were assayed using a liquid scintillation counter,

Uncertainty of Measuremeat

a. Systematic uncertainty in instrument calibration; +2.0%
b. Random uncertainty in assay: . +0.5%
¢, Random 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
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 implicit
traceability for a pumber of nuclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

§ ISOTOPE PRODUCTS LABORATORIES
1860 No. Keystone Street.,
Burbank, California 91504
(818) 843 - 7000




B | QUALITY CONTROL PROGRAM
EEBERLINE MP-009 :

SERVICES

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

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

MP 009
CURRENT DATE| - 4/M15/20150:00
SOLUTION REFERENCE #[IPL'388-116 .-~ -]  SOLUTION#{ -~ Th-1- .
Prunc| al Radlonucllde Half Life, Years HaIlefe, Days
— 7 BA0E+04] L 2:754E407]
Radionuclide{ **Thorium ' Reference Date| """ 14/4/1991:0:00]
Certified Activity{ 1.036E+00{uCi
Certified Concentration} - - v . 7|uCi per gram

Ampoule /Solution Gross| - 0.2660|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 Soiution
[PPTh(NO), i 0. 1N HNO; -

P

Dilution Instructions: Dilution Solvent Used 0ANHNOg " - o

Ditute to a volume of| - - Imililiters

Certified Total Activity of| -~ 1.0380|uCi Which Eauals |- - 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 dpmiml reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:{ February 12, 2016 |

Recertified By /\ Date: 4/15/2015 0:00
QC Approval _@ Date: #/!5 A <
vl




E QUALITY CONTROL PROGRAM

EBERLI MP-009

o SERVICES

N@(}

Rev.14; 10/10/2012
Titte: Radioactive Reference Standards Sclutlons & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADICACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTICN RECERTIFICATION

MP-009 Date{  4/15/2015 0:00
Solution Reference #[IPL 388416 . - - " | Solution #|- -~ . Thib. 0
Principal Radionuclide Half L:fe Years Half Life Days

o B |

b 2, 754E4+07]

Radionuclide of Interest] - ***Thorium:

i Reference Date{ - -11/1/19910:00}
Parent Solution Conc.| - 2:30E+03 - |dpm/mi

Chemical Composition of Standard Solutlon
FOTh(NOg)g in 0N HNQg 7750 e T

Difution Instructions: Dilution Solvent Used C[OANHNG, ]

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:] - - 10.0000 jmi
Total Activity:[  2.2599E+04 |dpm Final Activity Concentration:} - 2.2999E+01 jdpmimi
Final Volume:| = *-1000;00{ml

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

Expiration Date:[ February 12, 2016 |

Receﬂrfletj\/\g ‘ Date: 41152015 0:00
QC Approval AOM/\;T) Date: 46/5"/5
{7




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 Customer: ‘ TMA EBERLINE

Half Life: . (1.405+ 0.006) x 10"10years. ~ P.O.Ne.: VHI1632 :
Catalog No.: B 7232 Reference Date: November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 «Ci,

Contained Radioactivity: (Th-232) 345 yBq.
Deseription of Solution : o ‘ o
a. Mass of solution: s 11 9712 g (m a 10 mt flame sealed: ampoule)

b. Chemical form: '  Th(NO3)4 in water
c. Carrier content: . .. None added ‘ .
d. Depsity: . Approx. 1.21 . ‘ giml @ 20°C.
Radioimpurities - o | None detected (other than daughters). '
Radioactive Daughters
Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, TH208
Radlonuchde Congentration o 7 ' _
(Th-232) 0.00779 ‘ S . uCilg.
Method of Calibration -

Activity calculations are based upon known specific activity and mass.

Uncertainty of Mersurement
a, Systematic uncertainty in instrument calibration: +3.0%
b. Random uncertainty in assay: +0,0%
¢. Random uncertainty in weigh‘ing(s); . ' +2.0%
d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the Natmnal Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) apphed to this source.
Notes

1. Nuclear data were  taken from "Table of Radjoactive Isotopes”, edited by Virginia S. Shlrley, '1986.
2., TPL, participates in an NIST feasurement assurance program 1o establish and maintain Implicit traceability for a nomber of nuclides,
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

Ornmtn. A fAro
QUALITY CONTROL

Nev. %, /993
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

{818) 843 - 7000




EEBEmLINE MP-009

SERVICES

% “ QUALITY CONTROL PROGRAM

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

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

MP 009
CURRENT DATE["~ -~ ¢
SOLUTION REFERENCE #[IPL435.104-2" ] SOLUTION #[ T ==
Prmm aI"Radlonuchda Half Life' f(_ears . Half L:fe, Days
iR E+10 [T 53E 1)
Radionuctide}.: Reference Date .. :11/1/1993:0:00]
Certified Activity}:

Certified Concentration|-

Ampoule /Solution Gross|:'18.849
Empty Ampoule
Solution Net

Total Activity in Ampoule| ™ "0.093

Weight, Grams
Weight, Grams
Weight, Grams
|uCi

Chemical Composition of Standard Solution
[TH(NOg)s in-H20.

Dilution Instructions: ' Dilution Solvent Used ['1% Nitric Acid """

)0 jmilliliters

Dilute to a volume of] .1

Certified Total Activity of] -~

.0.0933}uCi Which Equals |- 2.071E+05|dpm at the date listed above

reference date Hsted above, AH activitles are corrected
io the date and time of analysis by the laberatory data
procassing softwars,

And after dilution the activity of this solution is] 2.071E+02|dpm/m| | 2tvify concentiation is based on the original

Expiration Date:| “Augist 25, 2016 |

Verified & Approved By e — rQ\ Date: 9/29/2015 0:00

?\1%7/\53/\‘\ \:) - Date: ﬁ;kc}/}s

QC Approval




EmERy e | QUALITY CONTROL PROGRAM | |

STERVICES

Rev.§, 1/10/03
Tile: Radicactive Reference Standards Bolutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

N]E-OOQ ' Datel- ©/29/20156 b:GU

Solution Reference #[IPL435-104-2. .. N Solution ¥}~ 5 Th-8b :

Princkggl Radionuclide Half Life, Years Half Life, Days |
BRI | A A0BE+1 '

OBE+10 ‘ Lo s132E+12)

Radionuclide of Interest| . 2208 %2y Reference Date{ " 11/1/1963 0:00)
Parent Solutich Cone,| =2, 07E+02":;|dpm/mi

Chemical Composition of Standard Solution
[Th(NOs}s in 1% HNOs

Dilution Instructions: Dilution Solvent Used (1% Nitric:Acid® oo~ oime e

SECONDARY YOLUMETRIC DILUTION

Vol. Parent Solution:| -'500.0000{ml _
Total Activity:| _1.0355E405[dpm Final Activity Concentration:| ~ + 1,0355E+02 |dpm/ml
Final Volume:| 7100000 |ml

This activity consentration is based on the original

NOTES: reference date lsted above. All activities ave
correcied to the date and time of aralysis by the
taboratory data nrocessing software,

Expiration Date:| _August 25 2016 |

Verified & Approved > ! ‘. 'Q\ Date: 9/29/2015 0:00

QC Appmvalé\\}mj\%\)}\\-‘\\,&-—/ Date; D[/ 55;/ / S ‘




— 24937 Avenue Tibbitts
:. lSOtope PrOdUCtS Valencia, 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.0. No.: 00009833

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

Source No.: 867-54 Contained Radioactivity: 1.013 uCi 37.48 kBqg

(Th-229 only) -

Physical Description:

A. Mass of solufion: 5.0147 g in 5 ml flame-sealed ampoule
B. Chemical form:; Th{NO;), in 0.1M HNO,
C. Carrier content: 10pg Th/mL
. Density: _ 1.0016 g/mL @ 20°C.
Radioimpurities:

None detected (daughters in equilibrium)
Radionuclide Concentration: 0.2020 uCifg, 7.474 kBq/g
Method of Calibration:
This source was prepared from a weighed aliquot of solution whose activity in uCi/g was determined
using gamma ray spectrometry.
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:  3.0%
C. Uncertainty in aliquot weighing: * 00 %
L. Total uncertainty at the 98% confidence level: + 31 %

Notes:

- See reverse side for leak tesi(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceability
for 2 number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

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

- This solution has a working life of 5 years.

Ao U )1 b 9 - Jan-02
" Quality Control - Date Signed IPL Ref. No.: 867-54

150 2001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 913558

1800 North Keystone Street  Burbank, California 91504




) i QUALITY CONTROL PROGRAM
. EBERLIME E MP-009

SERVIERE

Rev.8; 1/10/03
Tile: Radioactive Reference Standards Solufions & Records

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

MP 009

CURRENT DATE
SOLUTION REFERENCE #|IPL 57 SOLUTION #

Pﬁnci al Radionuc!ide Half Life, Years Half que, Days ‘
| 2 681E+08)

Radionuclid
Certified Activit
Certified Concentratio

Reference Date

Ampoule /Solution Gross
Empty Ampoule

Solution Net

Total Activity in Ampoule} =

2{Weight, Grams
591 Weight, Grams

-{Weight, Grams
pCi

Chemical Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used

Difute to a volume of|: milliliters

Certified Total Activity of] ..

1.0130{uCi Which Equals | :2.249E+06{dpm at the date listed above

_ .. . L This activity concentration is based on the original

And after dilution the activity of this solution is| 2.249E+03|dpmiml  sefersnce dute listed abiove, ARl activities are corcocisd
o the dote and Hme of analysis by the faboratory dala
processing softwars,

Explration Date:{ “August 24, 2016 ]

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

QC Approval Date: q/ 30/ £
L.ﬁ' 1




QUALITY CONTROL PROGRAM

MP-009

Rev.7; 9/26/99
Tite: Radivactive Reference Standards Solutions & Records

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

MP-009 Date

< G/29/2015 0:00
Solution Reference #}IPLI86; Solution

Principal Radionuclide Half Llfe Days

|- 2.681E+08]

Radionuclide of Interest
Parent Solution Conc.

Reference Datel:

Che;rp_ical Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Sl
4|dpm Final Activity Concentration:| - ... - 2.2490E+07] dpm/ml

Vol. Parent Solution:
Total Activity:
Final Volume:

This activity concentration is based on the original
] referancs dafe listed above, Al activilies are
NOTES: corrected to the date and time of analysis by the
faboratory dats processing soffware,

Expiration Date:} August 24, 2016 |

N %N\
Verified & Approved By BRAN Date: 9/28/2015 0:00

QC Approval AM%—\:N Date: 9!30/1 Y

]
_‘_’6’__|

1‘%}‘: ]




SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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SECTION VII

LABORATORY TECHNICIAN'S NOTES
& RUNLOGS




ISO UNOTES




Printed; 10/5/2015 7:54 AM

Page 10of 1

‘&‘ Oak R'dge Laboratury Internai Work Crder 1 5_091 36
@ EBERLINE 601 Scarboro Rd.

D SERVICES Oak Ridge, TN 37830 .

va N Analysis Code

Work Order Analysis Notes Voice: 865.451.0683 UUISO
www.eberlineservices.com Run Nurmber 1
Date - Dept User Notes
10/05/15 07:54 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES AND DRIED
SAMPLES DOWN- SUBMITTED SAMPLES TO SEPARATIONS

Ao e
3095;;(57/




Printed: 10/9/2015 6:00 PM Page 1 of 1

Oak Ridge Laboratory nternal Werk Order 1 5_091 36
EEBERLINE 601 Scarboro Rd.
EEAVIGES Oak Ridge, TN 37830 Anslysls Code
Work Order Analysis Notes Voice: 865.481.0683 : ! UU ISO
4 www.eberlineservices.com Run Numbsar 1
Date Dept User Notes )

10/05/15 07:54 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES AND DRIED
SAMPLES DOWN- SUBMITTED SAMPLES TO SEPARATICNS

10/09/15 18:00 CHEM JDEMELAS Added concentrated HCI to sample beakers and heated fo dryness; Added 20 mi 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 ml 8N HCI; Centrifuged samples and loaded onto celumns; Rinsed C-Tubes with 20 ml 8N
HCI, centrifuged as needed and loaded onte columns; Rinsed columns with 35 ml 8N HCE— 0.1N NH4l, 35 ml
of 6.5N HC| — 0.04N HF, and 10 mi of 8.5N HCI; Eluted Uranium with 50 mi of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samplas on hotplate; Dissclved samples in ~10 mi of concentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for fater precipitation and filtering.




Printed: 10/12/2015 8:52 AM

Page 1of 1

& EBERLINE

SERVYICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 5_091 36
601 Scarboro Rd.

Oak Ridge, TN 37830

Voice: 865.481.0683 Analysis Code UUISO

www.eherlineservices.com Run Number ’|

Date

Dept

User

Notes

10/05/15 07.54

PREP

JWCLFE

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES AND DRIED
SAMPLES DOWN- SUBMITTED SAMPLES TO SEPARATIONS

10409115 18:00

CHEM

JDEMELAS

Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml BN HCL to samples and
transferred o new, labeled C-Tubas, rinsing with 8N HCI to bring volume to ~35 ml; Preconditionad resin
columns with 35 mi 8N HC!; Centrifuged samples and loaded onte columns; Rinsed C-Tubes with 20 ml 8N
HCl, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HCI — 0.1N NH4l, 35 mi
of 8.5N HCI ~ 0.04N HF, and 10 ml of 8.5N HC; Eiuted Uranium with 50 ml of 0.5N HCl into clean, labsled 100
ml beakers; Dried-down samples on hotpiate; Dissoived samples in ~10 ml of concentrated HC/; Transferred to
new, labeled C-Tubes with DI H2C. Set samplas aside for later precipitation and filtering.

10/12/15 08:52

CHEM

TSMITH

Foliowed steps 12.1.7 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Uranium )

o1
W




Eberline Analytical

Printed: 10/12/2015 8:52 AM

Qak Ridge Laboratory Page 1 of 1
§ .'I' Internal Work Order
@ . EBERLINE 15-09136
A SERVICES 3 Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagent_ ' Reagent ) ::Re"a_genf B ) ._ . /-:\r)al's'r'st N Daté' _
- - . Name - Concentration ' coow Ik .Recorded
© 016519P Nitric Acid Reagent Grade JWOLFE 10/5/2015 |,
‘ 016798P Anion Exchange Resin Reagent Grade JDEMELAS 10/9/2015
0168285 HCl - HF 6.5N - 0.04N JDEMELAS 10/9/2015
0168895 HCl - NH4| 8N - 0.1M JDEMELAS 10/9/2015
016128D05 Hydrochloric Acid 0.5N JDEMELAS 10/9/2015
0168035 Hydrochloric Acid 6.5N JDEMELAS 10/9/2015
016872S Hydrochloric Acid 8N JDEMELAS 10/9/2015
016128P Hydrochloric Acid Reagent Grade JDEMELAS 10/9/2015
0168435 Carbon substrate Solution TSMITH 10/12/2015'
© 016569P Hydrofluoric Acid Reagent Grade TSMITH 10/12/2015
0165835 Neodymium Carrier 1 mg/ml TSMITH 10/12/2015
016514P Reagent Alcohol Reagent Grade TSMITH 10/12/2015
" 016606P Titanous Chloride Reagent Grade TSMITH 10/12/2015]
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ISO TH NOTES




Printed: 10/5/2015 7:54 AM Page t of 1

Oak Rldge Laboratory internal Work Order 1 5_091 36

EEBERLINE 601 Scarboro Rd.

SERVICES Oak Ridge, TN 37830 Anslysis Code
Work Order Analysis Notes Voice: §65.481.0683 ThISO
www.eberlineservices.com Run Number 1
Date Dept E User Notes
10/05115 07:54 PREP JWOLFE ALIQUCTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES AND DRIED
’ SAMPLES DOWN- SUBMITTED SAMPLES TG SEPARATIONS

I R
LTS




Printed: 10/6/2015 4:46 FM

Page 1 of 1

EEBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 5-091 36
601 Scarboro Rd.
Oak Ridge, TN 37830 Analysis Godo ThiSO

Voice: 865.481.0683

www.eberlineservices.com Run Number 1
Date Dept User Notes SR i
10/05/15 07:54 PREP JWOLFE ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HNO3 TC ACIDIFY SAMPLES AND DRIED
SAMPLES DOWN- SUBMITTED SAMPLES TO SEPARATIONS
10/06/15 16:45 CHEM JDEMELAS Added concentrated HNO3 io sample beakers and heated fo dryness; Added 20 ml 8N HNO3 to samples and

transferred to new, labeled C-Tubes, adding 8N HNOS {¢ 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 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNO3;
Eluted Thorium with 50 mi of 8N HCl inte 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 deiononized
water, bringing volume to ~15ml. Set samples aside for fater precipitation and filiering.




Printed: 10/7/2015 12:48 PM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridgﬂ Laboratory Internal Work Order 1 5_09 1 36
601 Scarboro Rd.

Velce: 865,481,063 ThiSO

Run Number

www,.eberlineservices.com 1

Date

Dept

User

o Not’é_s

10/05/15 07:54

PREP

JWOLFE

ALIQUOTED AND ADDED SFIKES AND TRACERS- ADDED HNO3 TO ACIDIFY SAMPLES AND DRIED
SAMPLES DOWN- SUBMITTED SAMPLES TO SEPARATIONS

10/06/15 16:45

CHEM

JDEMELAS

Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNOS3 fo 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 ml 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3J,
Eluted Thorium with 50 ml of 8N HCl into clean, labeled 100-mi beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 ml of concentrated HCI, Transferred to new, labeled C-Tubes with deiononized
water, bringing volume to ~15mt. Set samples aside for later precipitation and filtering.

10/07/15 12:48

CHEM

JDEMELAS

Added 0.75 ml of 0.1 mg/ml Cerium Carrier and 1 ml HF tc samples in C-Tubes and mixed; Immersed sample
set in ice bath for minimum one hour; Setup filiers by adding Alcohot and Carben Substrate, then added
samples; When samples were filtered, added 10 ml DI H2O rinses from C-Tubes; When rinsates were filtered,
removed filters and placed in new, labeled Petri Dishes; and Set T-0, Completed documentation, and sent set
to the Count Room.




Eberline Analytical
Oak Ridge Laboratory

Printed: 10/7/20Q15 3:08 PM

Page 1 of 1

SERVICES

Internal Work Order

15- 09136;

Analysis Code ' R_u'_fi.-ﬁ :
Reagents Used in an Analysis ThISO 1

Reagent Reagent Reagent Analyst Daté o

j{B] Name Concentration iD Recorded
016519P Nitric Acid Reagent Grade JWOLFE 10/5/2015
(168435 Carbon substrate So!ution JDEMELAS 10/7/2015
0165575 Cerrium Carrier 0.1mg/mil JDEMELAS 10/7/2015
016569P Hydrofluoric Acid Reagent Grade JDEMELAS 10/7/2015
016514P Reagent Alcohol Reagent Grade JDEMELAS 10/7/2015
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SECTION VIII

ANALYTICAL DATA (ISOTOPIC URANIUM)
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= Apex-

Sample Desgcription:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Descripticen:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

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

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

TM

SPIKE
Y \OR-ALPHAL\Canberra\ApexAlpha\Roct\Datal\0C001308
1509136A-T0U
01
Shelf 2
U isc

Alpha 057
01017326A

57

System Bkgd 131198
«not performeds

1.000E+000 +/-

10/12/2015 1
10/12/2015 1
170.0 minutes
170.0 minutes

U232 UU-10A

0.
0.1471 +/- 0
0.1577 +/- 0.0028 on 12/13/2014
0.9327 +/- O

608 mL

Control Certificate Name: NatU_U-8a
: U-238 0.

Chem. Recov. of Contrcl
Peak Match Tolerance:

0.

150 MeV

142:25 PM
:43:57 PM

.0094

0.000E+000 liter

Energy
Nuclide {MeV}
U-232 T 5.282
U-234 4.733
U-235 4.406
U-238 4.157

Net Pk Are
Pk Area Error
281.66 11.68
387.00 9.98
22,00 42 .73
393,00 9.90

Id Energy
Nuclide Conf. (keV)
J-232 0.997 5302.50%
U-234 0.994 4761 .,.50%
U-235 0.997 4385 .60%
U-238 0.995 4184 .,40%

5.08E+000
6.928E+000
4.90E-001

2:27:38 PM

.061¢%
874468 +/- 0.075914
REPORT — ===
a Ambient Reagent FWHM
% Backgnd Backgnd {keV)

0.34 0.00E+C00 26.0

0.00 0.00E+000 8.2

0.C0 0.00E+000 3.0

0.00 0.00E+00G0 13.4

Activity MDA
{(pCi/liter ) {pCi/liter )

+/- 6.37E-001 8.63E-002 +/- 1.08E-002
+/- 1.12E+000  1.08E-001 +/- 1.36E-002
+/- 2.18E-001 1.34E-001 +/- 1.67E-002
+/- 1.13E+000 1.08E-001 +/- 1.35E-002

7.C6E+000

fgﬁ//f
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Sample Description: BLANK /51’]/"1_/
Spectrum File: \\OR~ALPHA1\Canberra\ApexAlpha\Root\Data\oOO01307 -
Batch Identification: 1509136A-UU
Sample Identification: 02
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha G50
Chamber Serial Number: 10006121B
Datector Serial Number: 50
Env. Background: System Bkgd 131151
Reagent Blank: <not performeds
Sample Size: 1.000E+Q00 +/- 0.000E+000C liter
Sample Date/Time: 10/12/201% 9:23:36 AM
Accquisition Date/Time: 10/12/2015 10:05:10 AM
Acguisition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.607 mL
Effective Efficiency: 0.1657 +/- 0.0101
Counting Efficiency: 0.1428 +/- 0.0026 on 12/13/2014 2:43:59 PM
Chem. Recovery Factor: 1.1608 +/- 0.0737
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ——-—-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keVv)
U-232 T 5.284 316.64 11.04 1.36 0.00E+000 22.1
U-234 4.666 0.83 239.53 0.17 0.00E+000 3.0
U-235 4.374 2.66 128.85 0.34 0.00E+000 3.0
U-238 4.075 1.83 152 .56 0.17 0.00E+00C 3.0

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

Nuclide Cont. {keVv) (pCi/litexr ) (pCi/liter )
U-232 0.998 5302.50%* 5.07E4+000 +/- 6.05E-001 1.10E-001 +/~ 1.31E-002
U-234 0.837 4761 .50%* 1.33E-002 +/- 3.19E-002 6.69E-002 +/- 7.98E-003
UJ-235 0.99¢% 4385 .50% 5.26E-002 +/- &.80E-002 $.45E-002 +/- 1.13E-002
U-238 0.918 4184 .40% 2.92E-002 +/- 4.47E-002 6.66E-002 +/- 7.94E-003
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KC85-032-1L.-DUP
\\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\oO00130
1509136A-UUT

Sample Description:
Spectrum File:
Batch Tdentification:

Sample Identification: 03

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 051
Chamber Serial Number: 100061234
Detector Serial Number: 51

System Bkgd 131192
<not performeds

Env. Background:
Reagent Blank:

5.000E-001 +/- 0.000E+000 liter
9/21/2015% 9:23:36 AM
10/12/2015 10:05:16 AM

170.0 minutes

170.0 minutes

Sample Size:

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

Tracer Certificate:
Tracer Quantity: 0.

U232 UU-1CA
604 mbl

Effective Efficiency: 0.1798 +/- 0.0106
Counting Efficiency: 0.1524 +/- 0.0027 on 12/13/2014 2:42:37 PM
Chem. Recovery Factor: 1.1795 +/- 0.0727
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 5.288 341.79 10.64 2.21 0.00E+COC 39.2
U-234 4,730 6.43 99,27 3.57 0.00E+000 3.0
U-235 4.406 3.32 119.77 0.68 0.00E+000 3.0
U-238 4.178 4.49 98.465 0.51 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -——=-
TId Hnerqgy RActivity MDA
Nuclide Conf (kev} {pCi/liter ) {pCi/liter )
U-232 0.988 5302.5C% 1.01E+001 +/- 1.17E+000 2.36E-001 +/- 2.73E-002
U-234 0.993 4761 .50%* 1.90E-001 +/- 1.90E-001 2.,79E-001 +/- 3.22E-002
U-235 0.8597 4385 .50% 1.21E-001 +/- 1.46E-001 2.06FE-001 +/- 2.38E-002
U-238 1.000 4184.40% 1.32E-001 +/- 1.31E-001 1.54E-001 +/- 1.78E-002

10/ 13/1s
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Sample Description: KC85-032-L (ﬁZ{V
Spectrum File: YW\ OR-ALPHAL\Canberra\apexAlpha\Root\Data\00001307
Batch Tdentification: 1509136A-UU
Sample Identification: 04
Sample Geometry: Shelf 2
Procedure Degcription: U iso
Detector Name: Alpha 052
Chamber Serial Numbex: 100061238
Detector Serial Number: 52
Env. Background: System Bkgd 131193
Reagent Blank: <nct performeds
Sample Size: 5.000E-001 +/- 0.000E+000 liter
Sample Date/Time: 9/21/2015 9:23:36 AM
Acguisition Date/Time: 10/12/2015 10:05:11 AM
Acquigition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.605 mL
Effective Efficiency: 0.1820 +/- 0.0100
Counting Efficiency: 0.1607 +/- 0.0029 on 12/13/2014 2:40:57 PM
Chem. Recovery Factor: 1.0082 +/- 0.0645
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT e

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MaV) Pk Area Error % Backgnd Backgnd {kev)
U-232 T 5,280 308.66 11.16 0.34 0.00E+000 20.6
U-234 4,741 12 .13 6l.14 1.87 0.00E+000C 2,9
U-235 4.314 0.32 546.93 0.68 0.00E+0Q00 2.9
U-238 4.136 7.83 70.93 0.1%7 J.00E+000 2.9

T = Tracer Peak uged for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS — e m =
Id Enerqgy Activity MDA

Nuclide Conf . {keV} {(pCi/liter ) (pCi/liter )
U-232 0.9%6 5302.50%* L.01E+001 +/- 1.22E+0060 1.57E-001 +/- 1.89E-002
U-234 0.987 4761 .50% 3.98E-001 +/- 2.48E-001 2.48E-001 +/- 2.99E-002
U-235 0.9c4 4385.50%* 1.29E-002 +/- 8.37E-002 2.28E-001L +/- 2.75E-002
U-238 0.983 4184.40%* 2,.56E-001 +/- 1.84E-001 1.36E-001 +/- 1.64E-G02

o/3/1s
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Sample Description:
Spectrum File:
Batch Identification:

¢3¢’”(/
(ot~

KC85-032-M
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001307
1509136A-UU

Sample Identification: 05

Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 053
Chamber Serial Number: 100061224
Detector Serial Number: 53

System Bkgd 131194
<not performeds>

Env. Background:
Reagent Blank:

5.0008-001 +/- 0.000E+000 liter
9/21/2015 9:23:36 AM
10/12/2015 10:05:13 AM

170.0 minutes

170.0 minutes

Sample Size:

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

Tracer Certificate: U232 _UU-L0A

Tracer Quantity: 0,601 mL
Effective Efficiency: 0.1709 +/- ¢.0103
Counting Efficiency: 0.1455 +/- 0.0026 on 12/13/2014 2:39:33 PM
Chem. Recovery Factor: 1.1744 +/- 0.0733
Peak Match Tolerance: 0.150 MeV

————— PEAK ARFEA REPORT -———

Energy Net Pk Area Zmbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.287 323.15 10.92 0.85 0.00E+0CO 16.8
U-234 4,741 25.66 38.98 0.34 0.C00E+0Q0 4.5
U-235 4.417 4 .83 31.00 0.17 0.00E+000 5.8
U-238 4.144 10.15 64 .46 Q.85 0.00E+000 4.5

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

Nuclide Conf (keV) {(pCi/liter ) (pCi/liter )
U-232 0.998 5302.50% 1.00E+001 +/- 1.19E+000 1.86E-001 +/- 2.20E-002
U-234 0.997 4761 .50% 7.97E-001 +/- 3.25E-001 1.49E-001 +/- 1.76E-002
U-235 0.993 4385,50% 1.85E-001 +/- 1.70E-001 1.60E-001 +/- 1.89E-002
U-238 0.982 4184 .40% 3.14E-001 +/- 2.06E-001 1.8B5E-001 +/- 2.19E-002
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Sample Description: KC94-199-U
Spectrum File: \\OR#ALPHAl\Canberra\ApexAlpha\Root\Data\00001307
Bateh Identification: 1509136A-UU
Sample Identification: 06
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 054
Chamber Serial Number: 100061228
Detector Serial Number: 54
Env. Background: System Bkgd 131195
Reagent Blank: <not performed:
Sample Size: 5.000E-C001 +/- 0.000E+000 liter
Sample Date/Time: 9/18/2015 9:23:36 AM
Acquisition Date/Time: 10/12/2015 10:05:15 AM
Acguisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracey Quantity: 0.599 mL
Effective Efficiency: 0.1572 +/- 0.0038
Counting Efficiency: ¢.1452 +/- 0.0026 on 12/13/2014 2:38:18 PM
Chem. Recovery Factor: 1.0826 +/- 0.0704
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 5.281 296.66 11.329 0.34 0.00E+000 29.9
U-234 4,739 6.83 76.08 0.17 0.00E+00Q0 3.0
U-235 4.443 3.00 130.67 0.00 0.00E+000 3.0
U-238 4,127 7.66 72.63 0.34 0.00E+000 3.0

Td Energy Activity MDA
Nuclide Conft. (keV) {pCi/liter ) {(pCi/liter )
0 1L.00E+001 +/- 1.23E+000 1.62E-001 +/— 1.98E-002
0 2.31E-00L +/~ 1.78E-001 1.41E-001 +/- 1.73E-002
U-235 0.977 4385.50% 1.25E-001 +/~ 1.64E-001 2.50E-001 +/v 3.06E-002
4} 2.58E-001 +/- 1.90E-001 1.61E-001 +/- 1.87E-002

10/13/1S
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Sample Degcription: KC97-209-U dfé/fa/
Spectrum File: \\OR-ALPHA1\Canberra\hApexAlpha\Root\Data\00001307
Batch Identification: 1509136A-U0
Sample Identification: 07
Sample Geometry: Shelf 2
Procedure Descripticn: U iso
Detector Name: Alpha 055
Chamber Serial Number: 100061244
Detector Serial Number: 55
Env. Background: System Bkgd 1311%6
Reagent Blank: <not performeds
Sample Size: 5.000E-001 +/- 0.000E+Q00 liter
Sample Date/Time: 9/19/2015 9:23:36 AM
Acguisition Date/Time: 10/12/2015 10:05:18 AM
Acquisgition Live Time: 170.0 minutes
Acquigition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.593% nmL
Effective Efficiency: 0.1523 +/- 0.0097
Counting Efficiency: 0.1564 +/- 0.0028 on 12/13/2014 2:35:48 PM
Chem. Recovery Factor: 0.9739 +/- 0.0641
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area Ambilent Reagent FWHM
Nuclide (MeV) Pk Area Brror % Backgnd Backgnd {keV)
U-232 T 5.283 287.32 11.58 0.68 0.00E+C00 8.2
U~-234 4.767 5.98 87.78 1.02 0.00E+C00 3.0
U-235 4.440 3.00 130.67 0.00 0.00E+C0O0 3.0
U-238 4,140 4,66 94 .59 0.34 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Conf. (keV) (pCi/liter ) {(pCi/liter )
U-232 0.997 5302.50%* 1.00E+001 +/- 1.25E+000 1.97E-001 +/- 2.45E-002
U-234 1.000 4761.50%* 2.08E-001 +/- 1.85E-001 2.20E-001 +/- 2.73E-002
U-235 0.87¢ 4385.50% 1.28E-001 +/- 1.69E-001 2.58E-001 +/- 3.20E-002
U-238 0.986 4184 .40% 1.62E-001 +/- 1.54E-001 1.66E-001 +/- 2.06E-002

1913115




¢ redAL T0¥ T 3dAL TO¥
izt arrromt
(A)ABuBu3
0009 oowm oomM
——" y TR ; T 0
K
ot
+61
02
45
10¢
-F5¢
+0p
1y
1-0¢
158
CEO7 BTIS0:0T 2T 300 uoW: LElS kv .
(A1) 4 £33 4207 ¢ dois -
Qwém.omqmmﬂ ] - O@
285 Q£ 00701 SWLL |Bod —
395 QG 0OZOT:  alLL 3ALT i

AND " PLLOECTO000

51Una)




1

Page

10/12/2015 12:59:17 PM

Channel Data Report

*******************************************************

*kkkk

I R R R R R XA E R R R R R R S o

R AL DATA REPORT

S PECT

Fokok ok ok

07

Sample Title:

10200
10200

Elapsed Live time:

Elapsed Real Time:

Channel |~ - === =mcmo|mmmmmmm [ mmmmmm e [ mm e [ 2o

0

0

0

0

0

Q

0

0

0

0

0

1:

17:

25:

33:
41 ;

49:

57:

65

73

81:
89:
a97:
105:

113

121:

129:

137:

145:

153:

161:

169:

177:

185:

193:

201:

209:

217:

225:

233

241

249:

257:

265:

273

281:

289:

297:

305:

313:

321:

329:

327

345:

353

36l:




2

10/12/2015 12:5 Page

Channel Data Report

369

o7

Sample Title:

0 0 0

i e B

0
0

Channel | ------|-cmomnmmmm e oo e e
377

385:

393:

401

409:

417:

425:

433

447

449:

457 :

465 :

473 :

4871 :

489:

497:

505:

513:

521:

529:

537:

545:

553:

561:

569:

577:

585

583

11

601:

609:

617:

12 20

10

1z

14

625:

633:
641:
649:
657 :
665:

673:

681:

689:

697 :

705:

713

721

729:

737 :

745 :

753

761:

769:

77

785

793




Page

10/12/201% 12:59:17 PM

Channel Data Report

801:

Sample Title:

G7

R BT FRELEEEY

Channel |----~-|~-~====|-------|-------

0 0 0 0 0 0
0 0

Q

0

809:

817:

825:

833

841 :

849:

857

865:

873:

881:

889:

897 :

905:

913:

921:

829

937:

945

853

261 :

969:

977 :

985:

993:
1001:

1009:

1017:




Page 1 of 2

of
sty

x-Alpha’

Date : 10M12/2015

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

10/12/2015 5:49:04 AM

Time  5:48:04 AM
CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 2if ALL Passed 10/12/2015 5:27:32 AM
Alpha 004 21f ALL Passed 10/12/2015 5:27:33 AM
Alpha 005 2if ALL Not Done

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 211 ALL Not Done

Alpha 009 2if ALL Not Done

Alpha 010 21f ALL Passed 10/12/2015 5:27:33 AM
Alpha 011 2 ALL Passed 10/12/2015 5:27:34 AM
Alpha 012 21f ALL Passed 10/12/2015 5:27:35 AM
Alpha 013 21f ALL Not Done

Alpha 014 21f ALL Passed 10/12/2015 5:27:36 AM
Alpha 015 21f ALL Passed 10/12/2015 5:27:37 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 10/12/2015 3:27:38 AM
Alpha 034 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:39 AM
Alpha 035 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:41 AM
Alpha 036 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:42 AM
Alpha 037 Alpha Analyst100DC ALL b Passed 10/12/2015 5:27:44 AM
Alpha -038 Alpha Analystl00DC Peak Energy &y Action 10/12/2015 5:27:46 AM
Alpha 039 Alpha Analyst100DC ALL ) Passed 10/12/2015 5:27:47 AM
Alpha 040 Alpha Analyst100DC ALL Passed 10/12/2015 53:27:49 AM
Alpha 041 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:51 AM
Alpha 042 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:53 AM
Alpha 043 Alpha Analyst100DC ALL Passed 1071272015 5:27:54 AM
Alpha_044 Alpha Analyst100DC ALL Passed 1071272015 5:27:55 AM
Alpha 045 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:57 AM
Alpha 046 Alpha Analyst100DC ALL Passed 10/12/2015 5:27:59 AM
Alpha 047 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:00 AM
Alpha 048 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:02 AM
Alpha 049 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:03 AM
Alpha 050 Alpha Anatyst100DC ALL Passed 10/12/2015 5:28:05 AM
Alpha 051 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:07 AM
Alpha 052 Alpha Analyst1(00DC ALL Passed 10/12/2015 5:28:08 AM
Alpha 053 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:11 AM
Alpha 054 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:12 AM
Alpha 055 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:15 AM
Alpha 056 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:16 AM
Alpha 057 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:18 AM
Alpha 058 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:20 AM




Page2 of 2

Review of QA Results - Pulser Check

10/12/2015 5:49:04 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:22 AM
Alpha 060 Alpha Analyst100DC ALL Passed 10/12/2015 5:28:24 AM
R
APPROVED BY:
APPROVAL DATE: [2/ 2
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Fhk &K LIBRARY LISTING REPORT & &Kk
T L Rt R R S EE ISR 2 R R R R a L AR A

Nucllide 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 99,8000 0.0000
U-234 7.731E+012 4761 .500% 0.000 99,8000 0.0000
U-235 2.221E+016 4385,500% 0.000 80.5%000 0.0000
F-238 1.410E+017 4184 .400% 0.000 100.2300 0.0000
* = key line

TOTALS ; 4 Nuclides 4 Energy Lines




SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)
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Sample Description: SPIKE

Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001303 {/Zkgga
Batch Identification: 1509136A-TH

Sample Identification: 01

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 039

Chamber Serial Number: 06027386A

Detector Serial Number: 83108

Env. Background:
Reagent Blank:

Sample Size:

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

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

System Bkgd 130607
<not performeds

1.000E+000 +/- 0.000E+000 liter
10/7/2015 4:10:44 PM
10/7/2015  6:15:05 DM

170.0 minutes

170.0 minutes

Th229 § TH-18A

0.469 mL

0.1852 +/- 0.0117

0.1934 +/- 0.0034 cn 10/25/2014 2:53:34 PM
0.9575 +/- 0.0628

Control Certificate Name: NatTh Th-8§

Chem. Recov. of Control: TE-232 1.1944%1 +/- 0.102740
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 5.796 18.79 46.85 2.21 0.00E+Q00 3.0
TH-228 5.350 394.75 9.93 4.25 0.00E+000 6.9
TH-228 T 4.860 331.94 10.82 3.06 0.00E+000 3.8
TH-230 4.608 458,96 9.17 2.04 0.00E+000 7.4
TH-232 3.937 405.43 2.78 3.57 0.00E+000 8.3
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS e
id Energy Activity MDA
Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 0.984 5850.00% 2.90E~001 +/- 1.41E-001 1.17E-001 +/- 1.46E-002
TH-228 0.987 5400.00% 5.65E+000 +/- 8.98E-001 1.44KE-001 +/- 1.78E-002
TH-228 0.999 4872.00% 4.77E+000 +/- 5.92E-001 1.28E-00%L +/- 1.58E-002
TH-230 0.980 4672.00% 5,.58E+000 +/- 1.01E+00C0 1.12E-001 +/- 1.38E-002
TH-232 0.981 3997.00%* 5.80E+000 +/- 9.16E-001 1.35E-001 +/- 1.67E-002
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Sample Title:

Elapsed Live time:
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10200
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0 0 1
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Elapsed Real Time:

S D i e e R e R
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T3

81;:
89:
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10
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11
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257 :

265:

273 :

281:
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353:
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Sample Description: BLANK

Spectrum File: \\OR-ALPHAL\Canberra’\ApexAlpha\Root\Data\00001304
Batch Identification: 1509136A-TH

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Degcription: Th iso

Detector Name: Alpha 040

Chamber Serial Number: 060273968

Detector Serial Number: 91135

Env. Background: System Bkgd 130608

Reagent Blank: <not performed:

Sample Size: 1.000E+000 +/- (0.000E+000 liter
Sample Date/Time: 10/7/201s 4:10:44 PM
Acguisition Date/Time: 10/7/2015 6:15:07 PM
Acguisgition Live Time: 170.0 minutes

Acguisgition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-18A

Tracer Quantity: 0.234 mhL

.2083 +/- 0.0165
.185%6 +/- 0.0032 on 10/25/2014 2:57:14 PM
.1062 +/- 0.0908

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Facteor:

H O O

Peak Match Tolerance: 0.175 MeV

----- PEAK AREA REPCRT -——--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.88¢0 4,49 98.45 0.51 0.00E+00Q0 3.0
TH-228 5.31¢ 2,32 149,12 0.€68 0.00E+000 3.0
TH~229 T 4.852 183 .49 14.49 0.51 0.00E+000 7.0
TH-230 4.579 7.00 79.20 0.00 C.0CE+000 3.0
TE-232 3.917 2.00 169.74 0.00 C.00E+000 3.0
T = Tracer Peak usged for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS R
Id Energy Activity MDA
Nuclide Conf. {keV) {(pCi/liter ) (pCi/liter )
TH-227 0.995 5850.00% 5.94F-002 +/- 5.93E-002 6.95E-002 +/- 1.09E-002
TH-228 0.559 5400.00%* 3.00E-002 +/- 4.49E-002 7.29E-002 +/- 1.14E-002
TH-229%9 0.998 4872 ,00* 2.3B8E+000 +/- 3.74E-001 6.81lE-002 +/~- 1.07E-002
TH-230 0.95¢6 4672 .00%* 9.05E-002 +/- 7.31E-002 7.75E-002 +/- 1.,22E-002
TH-232 0.867 3597.00%* 2.58E-002 +/- 4.40E-002 7.74E-002 +/- 1.22E-002
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Sample DPescription: K(C85-032-L DUP =
Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\C0001303 zf@/?b
Batch Tdentification: 1509136A-TH
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 041
Chamber Serial Number: 05026930A
Detector Serial Number: 91087
Env. Background: System Bkgd 130609
Reagent Blank: <nct performed:
Sample Size: 5.000E-001 +/- 0.000E+000 liter
Sample Date/Time: 9/21/2015 4:10:44 PM
Acquisition Date/Time: 10/7/2015 £:15:09 BPM
Acguisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th22% S _TH-18A
Tracer Quantity: 0.234 mL
Effective Efficiency: 0.2000 +/- 0.0162
Counting Efficiency: 0.1873 +/- 0.0033 on 10/25/2014 3:00:28 FM
Chem. Recovery Factor: 1.0679 +/- 0.0887
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ——— =

Energy Net Pk Area Ambient Reagent FWHM
Nuglide {MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.767 1.98 176.34 1.02 0.00E+000 3.0
TH-228 5.323 3.81 117.34 1.19 0.00E+00Q 3.0
TH-2283 T 4.890 178.81 14,71 1.1¢9 0,.00E+0Q0Q 7.0
TH-230 4.609 5.96 95.01 2.04 0.00E+000 3.0
TH-232 4.067 -1.38 168.33 2.38 0.00E+CC0O 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 0.965 5850.00%* 5.39E-002 +/- 9.54E-002 1.718-001 +/- 2.73E-002
TH-228 0.970 5400.00% 1.03E-001 +/- 1.22E-001 1.77E-001 +/- 2.82E-002
TH-229 0.938 4872,00% 4 .76E+000 +/- 7.58E-001 1.758-001 +/- 2.79E-002
TH-230 0.980 4672 .00% 1.58E~-001 +/- 1.52E-001 2.07E-001 +/- 3.29E-002
TH-232 0.975 3997.00% -3.66E-002 +/- 6.18E-002 2.17E-001 +/- 3.46E-002

/0/8l75
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Sample Description: KC85-032-1 e
Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Datai00001303 ﬂ/gz
Batch Identification: 1509136A-TH Zr4
Sample Identification: 04

Sample Ceometry: Shelf 2

Procedure Descriptiocn: Th iso

Detector Name: Alpha 042

Chamber Serial Number: 05026930B

Detector Serial Number: 84185

Env. Background: System Bkgd 130610

Reagent Blank: <not performeds

Sample Size: 5.000E-001 +/- 0.000E+00G liter

Sample Date/Time: $/21/2015 4:10:44 PM

Zcguisition Date/Time: 10/7/2015 6:15:12 PM

Acguisition Live Time: 170.0 mihutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229_ S TH-18A

Tracer Quantity: 0.231 mL

Effective Efficiency: 0.1695 +/- 0.0148

Counting Efficiency: 0.1737 +/- ©0.0030 on 10/25/2014 3:04:21 PM

Chem. Recovery Factor: 0.9758 +/- 0.0871

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.791 6.83. 76.08 0.17 0.00E+000 6,0
TH-228 5.287 2.66 128.85 0.34 0.00E+0Q00C 3.0
TH-229 T 4.879 149.66 16.04 0.34 0.00E+00C 12.8
TH-230 4.657 7.49 74,41 0.51 0.00E+000 3.0
TH-232 3.968 2,98 134.36 1.02 0.00E+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Td Energy Activity MDA
Nuclide Conf . {keV) {pCi/liter ) {(pCi/liter )
TH~-227 0.982 5850.00%* 2.1%E-001 +/- 1.71E-001 1.34E-001 +/- 2.30E-002
TH-228 0.936 5400.00%* 8.45E-002 +/- 1,10E-001 1.52E-001 +/- 2.61E-002
TH-229 1.000 4872.00%* 4. 70R+000 +/- B.06E-001 1.50E-001 +/- 2.58E-002
TH-230 0.99S 4672.00% 2.38R-001 +/- 1.78E-001 1.64E-001 +/- 2.82E-002
TH-232 0.996 3997.00% 9.32E-002 +/- 1.26E-001 1.978-001 +/- 3.38BE-002

1ol&l>
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometbry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size;

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

Tracer Certificate:

KC85-032-M
\\OR-ALPHAl\Canberra\ipexaAlpha\Roct\Datal00001303
1509136A-TH
05
Shelf 2
Th iso

Alpha 043

04026481A

21088

System Bkgd 130611
<not performed:

5.

0COE-001 +/- 0.000E+000 liter
9/21/2015 4:1Q0:44
10/7/2015 6:15:14

170.0 minutes
170.0 minutes

Th229 S_TH-18A

PM
PM

.38E~CQ2
.01E~-QQ2
.13E-002
LI3E-002

Tracer Quantity: 0.232 mL
Effective Efficiency: 0.2260 +/- 0.0175
Counting Efficiency: 0.1998 +/- 0.0035 on 10/25/2014 3:08:45 PM
Chem. Recovery Factor: 1.1312 +/- 0.0896
Paak 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 5.794 0.49 416.98 0.51 0.00E+000 3.0
TH-228 5.442 -0.18 1132.1 1.19 0.00E+000 3.0
TH-229 T 4.896 200.32 13.88 .68 0.00E+000 5.0
TH-230 4.624 3.15 126.67 0.85 0.00E+00G0Q 3.0
TH-232 3.948 -0.85 246.69 0.85 0.00E+0Q0Q 0.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS =
1Id Energy Activity MDA

Nuclide Cont . (keV) {(pCi/liter )} {(pCi/liter
TH-227 G.5984 5850.00%* 1.18E-002 +/- 4.92E-002 1.26E-001 +/- 1
TH-228 0.991 5400.00%* -4 .5%3E-003 +/- 5.12E-002 1.57E-001 +/- 2
TH-229 0.997 4872.00% 4.72E+000 +/- 7.15E-001 1.33E-001 +/- 2
TH-230 0.988 4672.00%* 7.40E-002 +/- 9.44E-002 1.42E-001 +/~ 2
TH-232 0.988 3997.00% -1.99E-002 +/- 4.93E-002 1.40E-001 +/- 2

re
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Sample Description: KC94-199-U ' C

Spectrum File: \\OR-ALPHA1\Canberra\ApexAlphaiRoot\Data\00001303
Batch Identification: 1509136A-TH {@/gg
dample Identification: 06
Sample Geometry: Shelf 2
Procedure Description: Th isc
Detector Name: Alpha 044
Chamber Serial Number: 040264818
Detector Serial Number: 84168
Env. Background: System Bkgd 130612
Reagent Blank: <not performed:
Sample Size: 5.000E-001 4/- 0.00CE+000 liter
Sample Date/Time: o/18/2015 4:10:44 PM
Accuisition Dalte/Time: 10/7/2015 6:15:17 PM
Aeguisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th229_ 5 TH-18A
Tracer Quantity: 0.231 mL
Effective Efficlency: 0.2058 +/- 0.0185%
Counting Efficiency: 0.1837 +/- 0.0032 on 10/25/2014 3:13:11 PM
Chem. Recovery Factor: 1.1204 +/- 0.0922
Peak Match Tolerance: 0.175 MeV

wwwww PEAK AREA REPCORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {kev)
TH-227 5.772 3.32 119,77 0.68 0.00E+C00 3.0
TH-228 5.385 7.66 72.63 0.34 0.00E+000 3.0
TH-229 T 4.895 181.83 14 .54 0.17 0.00E+QQ0C 8.2
TH-230C 4,641 7.00 79.20 0.00 0.00E+00Q0 3.0
TH-232 3.987 0.66 305.432 0.34 0.00E+000 3.0

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

Nuclide Conf . {kaV) {(pCi/liter ) (pCi/liter )
TH-227 0.969 5850.00* 8.78E-002 +/~ 1.06E-00L 1.49E-001 +/- 2.35E-002
TH-228 0.9%89 5400.00% 2.01E-001 +/- 1.50E-001 1.26E-001 +/- 1.98E-002
TH-229 0.997 4872 .00% 4. 70E4000 +/- 7.4ZE-001 1.08E-001 +/- 1.70E-002
TH-230 0.985 4672.00% 1.81E-00%L +/- 1.46E-001 1.55E-001 +/- 2.44FE-002
TH-232 0.9989 3997 .00%* 1.70E-002 +/- 5.20E-002 1.23E-001 +4/- 1.94E-002
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Sample Description: KC97-209-U
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00001303 D/ (%
Batch Identification: 1509136A-TH
Sample Identification: 07
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 045
Chamber Serial Number: 04026482A
Detector Serial Number: 91131
Env. Background: System Bkgd 130613
Reagent Blank: <not performeds
Sample Size: 5.000E-001 4+/- 0.000E+000 liter
Sample Date/Time: 9/19/2015 4:10:44 PM
Acquisition Date/Time: 10/7/2015 6:15:20 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 & TH-18A
Tracer Quantity: 0.232 mL
Effective Efficiency: 0.0883 +/- 0.0104
Counting Efficiency: 0.1760 +/- 0.0031 on 10/25/2014 3:16:42 FM
Chem. Recovery Factor: 0.5019 +/~- (0.0599
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 5.871 3.30 136.58¢ 1.70 0.00E+000 3.0
TH-228 5.385 5.79 97.97 2.21 0.00E+000 3.0
TH-229 T 4.864 78.15 22.31 0.85 0.00E+000 15.0
TH-230 ’ 4.627 8.686 68.12 0.34 0.00E+000 3.0
TH-232 3.850 0.47 626.93 1.53 0.00E+00Q 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 2998 5850.00% L03E-001 +/- 2.82E-001 .B3E-001 +/- .05E-00L
TH-228 993 5400.00% .54E-001 +/- 3.56E-001 .BY9E-001 +/- .13E-001

.20E-001 +/- 3.74E-001 .87E-001 +/- .64E-002

Q 2 4 1
0 3 4 1
TH-229 1.000 4872.00% 4.71E+000 +/- 1.09E+000 3.61E-001 +/- 8.35E-002
0 5 2 6
0 2.82E-002 +/- 1.77E-001 4.26E-001 +/- 9.86E-002

10/8/15
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QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :10/7/2015
Time : 5:53:15 AM

10/7/20156 5:53:15 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 2if ALL Passed 10/7/2015 5:32:25 AM
Alpha 004 21f ALL Passed 10/7/2015 5:32:26 AM
Alpha 05 21f ALL Not Done

Alpha 006 211 ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Dong

Alpha 009 21f ALL Not Doneg

Alpha 010 217 ALL Passed 10/7/2015 5:32:27 AM
Alpha 011 21f ALL Passed 10/7/2015 5:32:28 AM
Alpha 0i2 21f ALL Passed 10/7/2015 5:32:28 AM
Alpha (13 2if ALL Not Done

Alpha 014 2if ALL Passed 10/7/2015 5:32:29 AM
Alpha 013 21f ALL Passed 16/7/2015 5:32:30 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 10/7/2G15 5:32:31 AM
Alpha 034 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:33 AM
Alpha 035 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:34 AM
Alpha 036 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:36 AM
Alpha 037 Alpha Analyst100DC ALL . Passed 10/7/2015 5:32:37 AM
Alpha 038 Alpha Analyst100DC Peak Energy © /A Action 10/7/2015 5:32:38 AM
Alpha 039 Alpha Analyst100DC ALL Ay Passed 10/7/2015 5:32:40 AM
Alpha 040 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:42 AM
Alpha 041 Alpha Analystl00DC ALL Passed 10/7/2015 5:32:43 AM
Alpha 042 Alpha Aualyst100DC ALL Passed 10/7/2015 5:32:45 AM
Alpha 043 Alpha AnalystiGODC ALL Passed 10/7/2015 5:32.47 AM
Alpha 044 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:49 AM
Alpha 045 Alpha Analyst100DC ALL Passed 10/7/2615 5:32:52 AM
Alpha 046 Alpha Analyst100DC ALL Passed 10/7/2G15 5:32:534 AM
Alpha 047 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:55 AM
Alpha 048 Alpha Analyst100DC ALL Passed 10/7/2015 5:32:57 AM
Alpha 049 Alpha Analyst100DC ALL - Passed 10/7/2013 5:32:59 AM
Alpha 030 Alpha Analyst106DC ALL Passed 10/7/2015 5:33:01 AM
Alpha 051 Alpha AnalystiG0DC ALL Passed 10/7/2015 5:33:02 AM
Alpha 052 Alpha AnalystiG0DC ALL Passed 10/7/2015 5:33.04 AM
Alpha 053 Alpha Analyst100DC ALL Passed 10/7/2015 5:33:06 AM
Alpha 054 Alphza Analyst100DC ALL Passed 10/7/2015 5:33:09 AM
Alpha 055 Alpha Analyst100DC ALL Passed 10/7/2015 5:33:11 AM
Alpha 056 Alpha Analyst100DC ALL Passed 10/7/2015 5:33:14 AM
Alpha 057 Alpha Analyst100DC ALL Passed 10/72015 5:33:17 AM
Alpha 058 Alpha Analyst100DC ALL Passed 10/7/2015 5:33:20 AM
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Nuclide Library Title

: Thorium

Nuclide Library Description:

Nuclide Half-Life
Name {Seconds)
TH-227 6.873E+008
TH-228 6.034E+007
TH~-229 2.487E+011
TH-230 2.379E+012
TH-232 4 .434E+017

* = key line

TOTALS : 5 Nuclides

Energy
(keV )

5850.
5400,
4872,
4672.
3997.

000*
0go*
Q00*
Qo+
000%*

5

Th-227,-228,-229,-230,-232

Energy
Uncert. {(keV )

.000
.000
.000
. 000
.G00

[N eRaeRelel

Energy Lines

Yield
(%)
97.5000
99,9400
99,5200
99.8200
100.0000

%k kk ok

Yield
Uncert. {Bbs. +-)

joNaRoRole)

.0G000
.0000
. 0000
.0000
.0000
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