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‘ Laboratories (ic

a member of The GEL Group INC

March 16, 2016

Joan Kessner

WC-Hanford, Inc.

2620 Fermi Avenue

MSIN H4-21

Richland, Washington 99354

Re: RC-155 Other
Work Order: 392939
SDG: XP0227

Dear Joan Kessner:

GEL Laboratories, LLC (GEL) appreciates the opportunity to provide the enclosed analytical results for the
sample(s) we received on March 11, 2016. This original data report has been prepared and reviewed in
accordance with GEL'’s standard operating procedures.

Our policy is to provide high quality, personalized analytical services to enable you to meet your analytical needs
on time every time. We trust that you will find everything in order and to your satisfaction. If you have any
guestions, please do not hesitate to call me at (843) 556-8171, ext. 4505.

Sincerely,

,@i attei Shalféel

Heather Shaffer
Project Manager

Purchase Order: 1510
Chain of Custody: RC-155-208
Enclosures
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Receipt Narrative
for
Eberline
SDG: XP0227
Work Order: 392939

March 16, 2016

Laboratory Identification:

GEL Laboratories LLC

2040 Savage Road

Charleston, South Carolina 29407
(843) 556-8171

Summary:

Samplereceipt: The sample arrived at GEL Laboratories LLC, Charleston, South Carolina on March 11, 2016
for analysis. The sample was delivered with proper chain of custody documentation and signatures. All sample
containers arrived without any visible signs of tampering or breakage. There are no additional comments
concerning sample receipt.

Sampleldentification: The laboratory received the following sample:

Laboratory ID  Client ID
392939001 JivseD3

CaseNarrative:

Sample analyses were conducted using methodology as outlined in GEL's Standard Operating Procedures. Any
technical or administrative problems during analysis, data review, and reduction are contained in the analytical
case narratives in the enclosed data package.

The enclosed data package contains the following sections: Case Narrative, Chain of Custody, Cooler Receipt
Checklist, Data Package Qualifier Definitions and data from the following fractions: Metals.

e ather. Shatie™

Heather Shaffer
Project Manager

GEL Laboratories L.c PO Box 30712 Charleston, SC 23417 2040 Savage Read Charleston, 5 29407 P 843.556.8171 F 843.766.1178 www.gel.com
Page 2 of 27



Chain of Custody and
Supporting
Documentation

Page 3 of 27



110-93-HOM

NOLLISOdSIa
N. NNO nm x suyy/eleq Ag pesodsiqy pouja lesodsiq} 3 1dINVS VNI
swileleq U) pBI0)S/AG poasaay) swij/ereq WoJ4 POAGHIBY/AY PaysInbulay

% ® f% % auiljeeq . U] pBI0IS/AgG paalscey suljeeq 7 W0J4 paAcwsy/Ag paysinbuliey
0T TS 2 T 7T (s

ot 1 /pls ’ U] petoiS/Ag peneoey awi]/ereg w0l parowey/Ag pausinbuley
[
P p- MW e oSy b g R o~
] N} DM\ M. efs. a9 %Mm 57} K.K
swi|jeleq U} paIOIS/AY panisoay swiy/sieg & 2ev) wosy paadwenyhg pSusifbuys

CEIO F/mteg AT AL g1-5E g&ﬂ N/
owera \“_ﬂ«\ ,w.w\m uw”_mo,w OEL D wyjopg ) \ ~\N\~ A

Sx/Ag peusinbLyay

| WOJ POAQI

P o 2 ALY !
{Anosa} (117 wan0) 9 M ¢ /\V\.ﬁQﬁ\ L«w)/f _¢<<<O\ wxw‘w\ -8 e &v@.\m

0Lv2/L 1€ - {d101) Andisiy H{oulz 'winipeuen ‘winijfey ] 'wnipog JBAIS ‘WNiL2ES "[OYIIN ‘PEST] WO & \q / suij/eleg | Ui peioig/Ag penieosy ¥ awii/sieq AowaAg peysinbuiiey
‘WNIPED "WNIAeg Wneg ‘juasIy *ALCWIRUY ‘WRLILINY} 0L007LLE ) - (ST 1UB1D) (d101) SEie dor (1) N \ F\m. Eéw& \ wﬁ&.&wﬁk@ GTFE] 7 FROR g i m

- ) QA
Gl & T L BUBUGIYRD ULBLSIRULLO-S3S A BUB- - Ui — L L M_ swi/eieq ' uj peIojSiAg panadsy F1 \ P.\ € swy ered 10)4 PBAOWBY/AG pausinbuey
SNOILLOMMLSNI TVIO3dS SouwieN juudubis NOISSHSSOd 40 NIVHD

YN | T LR ¥IHLO €aBALF
swi} ajdweg oeq ajdwesg XU ‘oN ajdwes
NQ Biysues suonInNagsy)
Boiog jeroadg sisAjeuy ajdweg NIQ-Y.L 0} 4D diys sueiy
O40H (1) wen o abeloyg Jojpue Buljpuey jeicadg
\ 1WOoOL U000k BWNJOA
BAloROIDRY
\ 0 ' (shauiejuon jo ‘oN SHUVINIH/SAMVYZYH F1dWVS 3191SS0Od
19 d19 Jauieuog jo adAj
uoneaiasaid ?nﬁ& HOQ Ul rrq g
suoN auoN -PUBIYOR}-BOHBUNASS |~
P08 ZVL o) poddus sqer semo
ASY TZ % {304 5D -Jehuog uoRethyIseL

. = 7 fiad . 132 Tz BUL
ON I1g 41v/Buipe jo g oN Apadold ausyo o) peddiyg

IBILED [BIDISWIWOD 0242018194 LO-+991-14 ,m Q c. / / - \\ o)
N juawdiyg jo pouyisiy YO *oN %o0qBo pjaig ‘0N 15949 89)

AM./DDMU < §51-0Y dDBOE-HO Yoteq n0ib o1-819 uoneIpaWaY | 1-819 B 01-819
; x\.\ m ON dvs uohesot Bujdweg uoneubisaq J03{osdi~
. HP “Y3aNSSI 889¥-G/C laussay ueop 5> J\Wnﬁw et
punoleuin} ejeq 9p0D 3dLd Jojeutpioos 3asfoid “ON duoydajay) joru0n Aueduwon V/ gouoa_mo o
oy bog | 802-951-0¥ 1S3N03YH SISATYNYVY TTdINVS/AQOLSND 40 NIVHD| piojuey ainso|) uojbuiysepn

]
()



Laboratories Lie

, SAMPLE RECEIPT & REVIEW FORM

Client: Hﬁg\/ D SDG/AR/COC/Work Order: HA95%  WDana
Received By: ’ 5{% F:/ Date Received: % —jff £

#If Net Counts > 100cpm on sarﬁples ot marked *radioactive”, contact the Radiation Safety Group for further

Suspected Hazard Iuformation § ’;" investigation.
COC/Samples marked 45 tadioactive? /;/ Maximum Net Counts Observed* (Observed Counts - Area Background Counts)M\f Myl = & i)
Classified Radioactivérﬁ cfr Il by RSO? 7 /’ff yes, Were swipes taken of sample containers < action levels? ¢
COC/Samples markédedntaining PCBs? £ .
Package, COC; and/or Samples marked as Az b E : s
beryllium or asbestos containing? - B / If yes, samples are to be segregatcd as Safety Coutrolled Sampies, aud opened by the GEL Safety Gmup
Shipped as a DOT Hazardous? 4 Haard Class Shipped: uNE_ ) g/
Samples identified as Foreign Soil? Vi 1
Sample Receipt Criteria éf é Comments/Qualifiers (Required for Non-Conforming Items)

Shipping containers received intact and Circle Applicable: Seals broken  Damaged container  Leaking container  Other (describe)

sealed? pal

Preservation Method: Ice bags Blueice Dryice /&ry Other (describe)

«\ Yes

N

2 Samples requiring cold preservation

within (0 < 6 deg. C)7* #all temperatures are recorded in Celsius C
. = L Temperature Device Serial #: TS
2a Z:g;:;ii: gz:f,? rmed and passed on R / ) Secondary Temperature Device Sen i ¥ ((?3 i’\c% 2

Chain of custody documents included
with shipment?

Circle Applicable:  Seals broken  Damaged container Leaking container  Other (describe)
4 |Sample containers intact and sealed?

Samples requiring chemical preservation Sample 1D's, containers affected and observed pH:

at proper pH?
Do Low Level Perchlorate samples have
headspace as required?

If Preservation added, Lotft:
Sample ID's and containers affected:

. . . . - J(If unknown, select No|
7 |VOA vials contain acid preservation? ( )

Sample [D's and containers affected:

NNALN
NAYND

VOA. vials free of headspace (defined as
< 6mm bubble)? /

o | Are Encore containers present? {1f yes, immediately deliver to Volatiles laboratory)
e Enc: iners present? J

1D's and tests affected:
10 {Samples received within holding time?

Sample ID's on COC match ID's on " |Sample ID's and containers affected:
1 bottles?
12 Date & time on COC match date & time / Sample ID's affected:

on bottles? "

Number of containers received match Sample ID's affected:

number indicated on COC?

Are sample containers identifiable as /"
GEL provided? L

COC form is properly signed in
relinquished/received sections? TN

: Circle Applicable:
@ FedBx Ground UPS  Field Services Courier  Other
/

795% 3w o987

13

14

15

16 {Carrier and tracking number.

Comments (Use Continuation Form if needed):

PM (or PMA) review: Initials %k Date :% \7 ' ‘LQ Page i of \ GL-CHL-SR-001 Rev 2

Page 5 of 27
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List of current GEL Certifications as of 16 March 2016

State Certification
Alaska UST-0110
Arkansas 88-0651
CLIA 42D0904046
California 2940
Colorado SC00012
Connecticut PH-0169
Delaware SC00012
DoD ELAP/1S0O17025 A2LA 2567.01
Florida NELAP E87156
Foreign Soils Permit P330-15-00283, P330-15-0025
Georgia SC00012
Georgia SDWA 967
Hawaii SC00012
Idaho Chemistry SC00012
Idaho Radiochemistry SC00012
lllinois NELAP 200029
Indiana C-SC-01
Kansas NELAP E-10332
Kentucky SDWA 90129
Kentucky Wastewater 90129
Louisiana NELAP 03046 (A133904)
Louisiana SDWA LA160006
Maryland 270
Massachusetts M-SC012
Michigan 9976
Mississippi SC00012
Nebraska NE-0S-26-13
Nevada SC000122016-1
New Hampshire NELAP 205415
New Jersey NELAP SC002
New Mexico SC00012
New York NELAP 11501
North Carolina 233
North Carolina SDWA 45709
North Dakota R-158
Oklahoma 9904
Pennsylvania NELAP 68-00485
S.Carolina Radchem 10120002
South Carolina Chemistry 10120001
Tennessee TN 02934
Texas NELAP T104704235-16-11
Utah NELAP SC000122016-20
Vermont VT87156
Virginia NELAP 460202
Washington C780
West Virginia 997404
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Metals
Technical Case Narrative
Eberline (WCHN)
SDG #: XP0227
Work Order #: 392939

Sample ID Client ID

392939001 J1v8D3

1203507872 TCLP Blank (TB)

1203508313 Method Blank (MB)ICP

1203508314 Laboratory Control Sample (LCS)

1203508317 392939001(J1V8D3L) Serial Dilution (SD)
1203508315 392939001(J1V8D3D) Sample Duplicate (DUP)
1203507871 392939001(J1V8D3S) Matrix Spike (MS)
1203508201 Method Blank (MB)CVAA

1203508202 Laboratory Control Sample (LCS)

1203508205 392939001(J1V8D3L) Serial Dilution (SD)
1203508203 392939001(J1V8D3D) Sample Duplicate (DUP)
1203507871 392939001(J1V8D3S) Matrix Spike (MS)

SampleAnalysis
The samples in this SDG were analyzed on an "as received" basis.

Method/Analysis Information

Analytical Batch: 1552277 and 1552240

Prep Batch : 1552276 and 1552239

TCLP Prep Batch : 1552065

Standard Operating GL-MA-E-013 REV# 25, GL-MA-E-008 REV# 18, GL-LB-E-006 REV# 19
Procedures: and GL-MA-E-010 REV# 31

Analytical Method: SW846 3010A/6010C and SW846 7470A

Prep Method : SW846 3010A and SW846 7470A Prep

TCLP Prep Method : SW846 1311

Preparation/Analytical Method Verification

The SOP stated above has been prepared based on technical research and testing conducted by GEL
Laboratories, LLC and with guidance from the regulatory documents listed in this "Method/Analysis
Information” section.

SystemConfiguration

The Metals analysis-ICP was performed on a PE 7300 Optima radial/axial-viewing inductively coupled plasma
atomic emission spectrometer. The instrument is equipped with an ESI SC-FAST introduction, cyclonic spray
chamber, and yttrium or scandium internal standard.

Page 10 of 27
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The Metals analysis-Mercury was performed on a Perkin-Elmer Flow Injection Mercury System (FIMS-100)
automated mercury analyzer. The instrument consists of a cold vapor atomic absorption spectrometer set to
detect mercury at a wavelength of 253.7 nm.

Calibration Information

Instrument Calibration
All initial calibration requirements have been met for this sample delivery group (SDG).

CRDL/PQL Requirements
The CRDL/PQL standard recoveries met the referenced advisory control limits.

ICSA/ICSAB Statement
All interference check samples (ICSA and ICSAB) associated with this SDG met the established acceptance
criteria.

Continuing Calibration Blanks (CCB) Requirements
All continuing calibration blanks (CCB) bracketing this batch met the established acceptance criteria.

Continuing Calibration Verification (CCV) Requirements
All continuing calibration verifications (CCV) bracketing this SDG met the acceptance criteria.

Quality Control (QC) Information

Method Blank (MB) Statement
The MBs analyzed with this SDG met the acceptance criteria.

Laboratory Control Sample (LCS) Recovery
The LCS spike recoveries met the acceptance limits.

Quality Control (QC) Sample Statement
The following samples were selected as the quality control (QC) samples for this SDG: 392939001
(J1v8D3)-ICP and CVAA.

Matrix Spike (MS/MSD) Recovery Statement

The percent recoveries (%R) obtained from the MS/MSD analyses are evaluated when the sample concentration
is less than four times (4X) the spike concentration added. The matrix spike met the recommended quality
control acceptance criteria for percent recoveries for all applicable analytes.

Duplicate Relative Percent Difference (RPD) Statement

The RPD obtained from the designated sample duplicate (DUP) is evaluated based on acceptance criteria of 20%
when the sample is >5X the contract required reporting limit (RL). In cases where either the sample or duplicate
value is less than 5X the RL, a control of +/-RL is used to evaluate the DUP results. The relative percent
differences (RPD) between the sample and its duplicate (DUP) were within acceptable limits for all applicable
analytes.

Serial Dilution % Difference Statement
All applicable analytes in the serial dilution (SDILT) demonstrated acceptable correlation to its associated
sample and met the established acceptance percent difference criteria.

Technical Information

Holding Time Specifications

GEL assigns holding times based on the associated methodology. Holding time is measured by comparison of
the date and time of sample collection to the date and time of sample preparation and analysis. Those holding
times expressed in hours are calculated in the AlphaLIMS system. Those holding times expressed as days expire
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at midnight on the day of expiration. All samples in this SDG met the specified holding time.

Preparation/Analytical Method Verification
All procedures were performed as stated in the SOP.

Sample Dilutions
The samples in this SDG did not require dilutions.

Preparation Information
The samples and associated matrix QC were prepared at a ten times or greater dilution factor to minimize
potential interferences arising from the high sodium content in the TCLP leaching solution. ICP and CVAA.

Miscellaneousinformation

Electronic Packaging Comment

This data package was generated using an electronic data processing program referred to as virtual packaging. In
an effort to increase quality and efficiency, the laboratory has developed systems to generate all data packages
electronically. The following change from traditional packages should be noted:

Analyst/peer reviewer initials and dates are not present on the electronic data files. Presently, all initials and

dates are present on the original raw data. These hard copies are temporarily stored in the laboratory. An
electronic signature page inserted after the case narrative will include the data validator’s signature and title. The
signature page also includes the data qualifiers used in the fractional package. Data that are not generated
electronically, such as hand written pages, will be scanned and inserted into the electronic package.

Data Exception (DER) Documentation

A Data exception report (DER) was generated to document any procedural anomalies that may deviate from
referenced SOP or contractual documents. A data exception report (DER) 1501630 was generated for sample
392939001 (J1Vv8D3)-ICP in this SDG/batch. A data exception report (DER) 1501630 was generated for sample
392939001 (J1V8D3)-CVAA in this SDG/batch.

Additional Comments
Additional comments were not required for this SDG.

Certification Statement

Where the analytical method has been performed under NELAP certification, the analysis has met all of the
requirements of the NELAC standard unless otherwise noted in the analytical case narrative.



GEL Laboratories LLC DER Report No.: 1501630
Form GEL-DER Revision No.: 1
DATA EXCEPTION REPORT

Mo.Day Yr. Division: Quality Criteria: Type:

14-MAR-16 SOP Process

Instrument Type: Test / Method: Matrix Type: Client Code:

BALANCE SW846 1311 Solid WCHN

Batch ID: Sample Numbers:

1552065 392939001

Application Issues:
<100 grams for TCLP tumbling

Potentially affected work order(s)(SDG): 392939(XP0227)

Specification and Requirements
Exception Description:

DER Disposition:

1. <100 grams for TCLP tumbling

1. <100 grams for TCLP tumbling due to limited sample.

Originator's Name:
Richard Dollinger 14-MAR-16

Page 13 of 27

Data Validator/Group Leader:

Edmund Frampton

15-MAR-16
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GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com

Qualifier Definition Report
for

WCHNOO1 Eberline
Client SDG: XP0227 GEL Work Order: 392939 Project: RC-155 Other

The Qualifiersin thisreport are defined asfollows:

*  Duplicate analysis not within control limits

B Theanayte was detected at a value less than the contract required detection limit (RDL), but greater than or equal
to the IDL/MDL (as appropriate).

D Resultsare reported from adiluted aiquot of sample.

U Anayzed for but not detected above limiting criteria. Includes MDL, MDA, PQL, zero, counting error, and total
analytical error.

Review/Validation

GEL requires all analytical datato be verified by a qualified datareviewer. In addition, all CLP-like deliverables
receive athird level review of the fractional data package.

The following data validator verified the information presented in this data report:

Signature: mmp)ﬁﬂmm Name: Nik-Cole EImore

Date: 16 MAR 2016 Title: Data Validator



Sample Data Summary
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GEL LABORATORIES LLC

2040 Savage Road Charleston SC 29407 - (843) 556-8171 - www.gel.com

Certificate of Analysis

Report Date: March 16, 2016

Company : WC-Hanford, Inc.
Address: 2620 Fermi Avenue
MSIN H4-21
Richland, Washington 99354
Contact: Joan Kessner Client SDG: XP0227
Project: RC-155 Other
Client Sample ID: J1V8D3 Project: WCHNO00414
Sample ID: 392939001 ClientID:  WCHNO001
Matrix: OTHERLIQ
Collect Date: 07-MAR-16 13:40
Receive Date: 11-MAR-16
Collector: Client
Parameter Qualifier  Result DL RL Units DF Anadyst Date TimeBatch Method
Mercury AnalysisCVAA
TCLPHgin Solid "As Received”
Mercury B 0.00071 0.00067 0.002 mg/L 1 MTM103/16/16 1158 1552240 1

Metals Analysis-ICP
TCLPICP Metals - 1311/3010A/6010C "As Received"

Aluminum U 0.680 0.680 2.00 mg/L 1 TXT1 03/16/16 0947 1552277 2
Antimony U 0.035 0.035 0.100 mg/L 1

Arsenic U 0.050 0.050 0.300 mg/L 1

Barium 5.00 0.010 0.050 mg/L 1

Beryllium U 0.010 0.010 0.050 mg/L 1

Cadmium U 0.010 0.010 0.050 mg/L 1

Chromium 0.130 0.010 0.050 mg/L 1

Lead U 0.033 0.033 0.100 mg/L 1

Nickel U 0.015 0.015 0.050 mg/L 1

Selenium U 0.060 0.060 0.300 mg/L 1

Silver U 0.010 0.010 0.050 mg/L 1

Sodium 205 1.00 3.00 mg/L 1

Thallium U 0.050 0.050 0.200 mg/L 1

Vanadium U 0.010 0.010 0.050 mg/L 1

Zinc U 0.033 0.033 0.100 mg/L 1

The following Prep Methods were performed:

Method Description Analyst Date Time PrepBatch
SW846 1311 SW846 1311 TCLP Leaching RXD2 03/14/16 1550 1552065
SW846 3010A ICP-TRACE TCLP by SW846 3010A N 03/15/16 1825 1552276
SW846 7470A Prep EPA 7470A Mercury Prep TCLP Liquid AXS5 03/15/16 1330 1552239
The following Analytical Methods were performed:

Method Description Analyst Comments

1 SW846 7470A

2 SW846 3010A/6010C

Notes:

Page 16 of 27
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2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

WC-Hanford, Inc.

GEL LABORATORIES LLC

QC Summary

Report Date: March 16, 2016

. Page 1of 6
2620 Fermi Avenue
MSIN H4-21
Richland, Washington
Contact: Joan K essner
Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other
Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time
Metals Analysis-ICP
Batch 1552277
QC1203508315 392939001 DUP
Aluminum 0.680 0.680 mg/L N/A TXT1 03/16/16 09:50
Antimony 0.035 0.035 mg/L N/A
Arsenic 0.050 0.050 mg/L N/A
Barium 5.00 5.04 mg/L  0.768 (0%-20%)
Beryllium 0.010 0.010 mg/L N/A
Cadmium 0.010 0.010 mg/L N/A
Chromium 0.130 0.126 mg/L 318 ~ (+/-0.050)
Lead 0.033 0.033 mg/L N/A
Nickel 0.015 0.015 mg/L N/A
Selenium 0.060 0.0606 mg/L 32 " (+/-0.300)
Silver 0.010 0.010 mg/L N/A
Sodium 20.5 20.5 mg/L  0.112 (0%-20%)
Thallium 0.050 0.050 mg/L N/A
Vanadium 0.010 0.010 mg/L N/A
Zinc 0.033 0.033 mg/L N/A
QC1203508314 LCS
Aluminum 50.0 52.2 mg/L 104  (80%-120%) 03/16/16 09:45
Antimony 5.00 4.69 mg/L 93.8  (80%-120%)
Arsenic 5.00 472 mg/L 94.4  (80%-120%)
Barium 5.00 4.90 mg/L 97.9  (80%-120%)
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GEL LABORATORIES LLC

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

QC Summary

Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other Page 2 of 6
Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time
Metals Analysis-|CP
Batch 1552277
Beryllium 5.00 4.74 mg/L 949  (80%-120%)
Cadmium 5.00 4.77 mg/L 955  (80%-120%) TXT1 03/16/16 09:45
Chromium 5.00 4.89 mg/L 97.7  (80%-120%)
Lead 5.00 4.84 mg/L 96.9  (80%-120%)
Nickel 5.00 4.82 mg/L 964  (80%-120%)
Selenium 5.00 4.19 mg/L 83.8  (80%-120%)
Silver 5.00 4.76 mg/L 951  (80%-120%)
Sodium 50.0 495 mg/L 99  (80%-120%)
Thallium 5.00 4.82 mg/L 96.3  (80%-120%)
Vanadium 5.00 4.88 mg/L 97.7  (80%-120%)
Zinc 5.00 464 mg/L 92.7  (80%-120%)

QC1203508313 MB
Aluminum U 0.680 mg/L 03/16/16 09:39
Antimony U 0.035 mg/L
Arsenic U 0.050 mg/L
Barium U 0.010 mg/L
Beryllium U 0.010 mg/L
Cadmium U 0.010 mg/L
Chromium U 0.010 mg/L
Lead u 0.033 mg/L
Nickel U 0.015 mg/L
Selenium U 0.060 mg/L
Silver U 0.010 mg/L

Page 19 of 27



GEL LABORATORIES LLC

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

QC Summary

Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other Page 3of 6
Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time
Metals Analysis-|CP
Batch 1552277
Sodium U 1.00 mg/L TXT1 03/16/16 09:39
Thallium u 0.050 mg/L
Vanadium U 0.010 mg/L
Zinc U 0.033 mg/L

QC1203507871 392939001 MS
Aluminum 10.0 u 0.680 104 mg/L 984  (75%-125%) 03/16/16 09:53
Antimony 2.00 U 0.035 1.87 mg/L 928  (75%-125%)
Arsenic 5.00 U 0.050 4.87 mg/L 974  (75%-125%)
Barium 10.0 5.00 14.5 mg/L 95.3  (75%-125%)
Beryllium 2.00 u 0.010 181 mg/L 90.2  (75%-125%)
Cadmium 1.00 U 0.010 0.906 mg/L 90.5 (75%-125%)
Chromium 5.00 0.130 4.82 mg/L 938  (75%-125%)
Lead 5.00 u 0.033 4.72 mg/L 93.8  (75%-125%)
Nickel 2.00 U 0.015 1.83 mg/L 91.3  (75%-125%)
Selenium 1.00 u 0.060 0.896 mg/L 85.2  (75%-125%)
Silver 0.503 u 0.010 0.423 mg/L 841  (75%-125%)
Sodium 10.0 20.5 30.3 mg/L 97  (75%-125%)
Thallium 2.00 U 0.050 1.85 mg/L 92.6 (75%-125%)
Vanadium 2.00 U 0.010 190 mg/L 95  (75%-125%)
Zinc 2.00 u 0.033 1.87 mg/L 92.7  (75%-125%)

QC1203508317 392939001 SDILT
Aluminum u 61.0 DU 340 ug/L N/A (0%-10%) 03/16/16 09:54
Antimony U 1.00 DU 0.175 ug/L N/A (0%-10%)
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GEL LABORATORIES LLC

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

QC Summary

Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other Page 4 of 6
Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time
Metals Analysis-|CP
Batch 1552277
Arsenic U -0.204 DU 0.250 ug/L N/A (0%-10%) TXT1 03/16/16 09:54
Barium 500 D 98.3 ug/L 1.82 (0%-10%)
Beryllium u 0.138 DU 0.050 ug/L N/A (0%-10%)
Cadmium U 0.0603 DU 0.050 ug/L N/A (0%-10%)
Chromium 130 D 2.89 ug/L 115 (0%-10%)
Lead u 2.88 DU 0.165 ug/L N/A (0%-10%)
Nickel U 0.302 DU 0.075 ug/L N/A (0%-10%)
Selenium U 4.39 DU 0.300 ug/L N/A (0%-10%)
Silver U -3.08 DU 0.050 ug/L N/A (0%-10%)
Sodium 2050 D 402 ug/L 2.19 (0%-10%)
Thallium U -1.9 DU 0.250 ug/L N/A (0%-10%)
Vanadium U 0.224 DU 0.050 ug/L N/A (0%-10%)
Zinc u 151 DU 0.165 ug/L N/A (0%-10%)

QC1203507872 B
Aluminum U 0.680 mg/L 03/16/16 09:42
Antimony U 0.035 mg/L
Arsenic U 0.050 mg/L
Barium U 0.010 mg/L
Beryllium U 0.010 mg/L
Cadmium U 0.010 mg/L
Chromium U 0.010 mg/L
Lead u 0.033 mg/L
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GEL LABORATORIES LLC

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

QC Summary

Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other Page 5of 6

Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time

Metals Analysis-|CP

Batch 1552277

Nickel U 0.015 mg/L TXT1 03/16/16 09:42

Selenium U 0.060 mg/L

Silver U 0.010 mg/L

Sodium U 1.00 mg/L

Thallium U 0.050 mg/L

Vanadium U 0.010 mg/L

Zinc U 0.033 mg/L

Metals Analysis-Mercury

Batch 1552240
QC1203508203 392939001 DUP

Mercury B 0.00071 B 0.00077 mg/L 811 » (+/-0.002) MTM1 03/16/16 12:01
QC1203508202 LCS

Mercury 0.020 0.0225 mg/L 112 (80%-120%) 03/16/16 11:56
QC1203508201 MB

Mercury U 0.00067 mg/L 03/16/16 11:49
QC1203507871 392939001 MS

Mercury 0.020 B 0.00071 0.0197 mg/L 95  (75%-125%) 03/16/16 11:59
QC1203508205 392939001 SDILT

Mercury B 0.071 DU 0.00335 ug/L N/A (0%-10%) 03/16/16 12:03
QC1203507872 B

Mercury U 0.00067 mg/L 03/16/16 11:54

Notes:

The Qualifiersin this report are defined as follows:
* Duplicate analysis not within control limits
Correlation coefficient for Method of Standard Additions (MSA) is< 0.995
B The analyte was detected at a value less than the contract required detection limit (RDL), but greater than or equal to the IDL/MDL (as appropriate).

Target analyte was detected in the sample and the associated blank. The associated blank concentration is>= EQL or is > 5% of the measured
concentration and/or decision level for associated samples.
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GEL LABORATORIES LLC

2040 Savage Road Charleston, SC 29407 - (843) 556-8171 - www.gel.com

QC Summary
Workorder: 392939 Client SDG: XP0227 Project Description: RC-155 Other Page 60of 6
Parmname NOM Sample Qual QC Units RPD/D% REC% Range Anlst Date Time

Results are reported from a diluted aliquot of sample.

E Reported valueis estimated due to interferences. See comment in narrative.

M  Duplicate precision not met.

N Spike Sample recovery is outside control limits.

S Reported value determined by the Method of Standard Additions (MSA)

U  Analyzed for but not detected above limiting criteria. Includes MDL, MDA, PQL, zero, counting error, and total analytical error.
W Post-digestion spike recovery for GFAA out of control limit. Sample absorbency < 50% of spike absorbency.

X Consult Case Narrative, Data Summary package, or Project Manager concerning this qualifier

Y Consult Case Narrative, Data Summary package, or Project Manager concerning this qualifier

z Consult Case Narrative, Data Summary package, or Project Manager concerning this qualifier

N/A indicates that spike recovery limits do not apply when sample concentration exceeds spike conc. by afactor of 4 or more or %RPD not applicable.

" The Relative Percent Difference (RPD) obtained from the sample duplicate (DUP) is evaluated against the acceptance criteria when the sample is greater than
five times (5X) the contract required detection limit (RL). In cases where either the sample or duplicate value is less than 5X the RL, a control limit of +/- the
RL is used to evaluate the DUP resullt.

* |ndicates that a Quality Control parameter was not within specifications.

For PS, PSD, and SDILT results, the values listed are the measured amounts, not final concentrations.

Where the analytical method has been performed under NEL AP certification, the analysis has met all of the
requirements of the NELAC standard unless qualified on the QC Summary.
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Prep L ogbook
Acid Digestion of Total Metalsin Aqueous Samplesand Extractsfor Analysisby ICP and ICP-M S

Batch ID: 1552276 Type Sampleld Description Serial Number Spike Amount  Spike Units
Analyst: James Pressley LCS 1203508314  Metals Spike Mix | U12351278-01 25 mL
Method: SW846 3010A LCS 1203508314  Metals Spike Mix |1 U12351281-02 25 mL
Labsop: GL-MA-E-008 REV# 18
Instrument: Metals Manual Instrument
Sample|D Run Date Matrix Initial Final Prep Factor pH Check
Volume Volume (mL/mL)
(mL) (mL)
1203508313 MB 15-MAR-2016 18:25:00 Solid 5 50 10 <2
1203507872 TB 15-MAR-2016 18:25:00 Solid 5 50 10 <2
1203508314 LCS 15-MAR-2016 18:25:00 Solid 5 50 10 <2
392939001 15-MAR-2016 18:25:00 Solid 5 50 10 <2
1203507871 MS (392939001) 15-MAR-2016 18:25:00 Solid 5 50 10 <2
1203508315 DUP (392939001) 15-MAR-2016 18:25:00 Solid 5 50 10 <2
1203508317 SDILT (392939001)  15-MAR-2016 18:25:00 Solid 5 50 10 <2
Reagent/Solvent Lot ID ~ Description Amount Comments:
160205 HYDROCHLORIC ACID 25mL Block Temperature (90—950): 92C
2351165 Concentrated Nitric Acid 3mL Temperature within limits (Y/N)?: Y

Analytical L ogbook version 1 11-04-2002
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Thermometer |D: 89095-622

Hot Block ID: 11

GEL LaboratoriesLLC



Prep L ogbook

Mercury Analysis Using the Perkin EImer Automated Mercury Analyzer

Batch ID: 1552239 Type Sampleld Description Serial Number Spike Amount _Spike Units
Analyst: Alan Stanley LCS 1203508202  MHGLIQLCSMSSPIKE WHG160315-13 .2 mL
Method: SW846 7470A Prep
Labsop: GL-MA-E-010 REV# 31
Instrument: Metals Manual Instrument
Sample|D Run Date Matrix Initial Final Prep Factor pH Check
Volume Volume (mL/mL)
(mL) (mL)
1203508201 MB 15-MAR-2016 13:30:18 Solid 2 20 10 <2
1203507872 TB 15-MAR-2016 13:30:18 Solid 2 20 10 <2
1203508202 LCS 15-MAR-2016 13:30:18 Solid 2 20 10 <2
392939001 15-MAR-2016 13:30:18 Solid 2 20 10 <2
1203507871 M'S (392939001) 15-MAR-2016 13:30:18 Solid 2 20 10 <2
1203508203 DUP (392939001) 15-MAR-2016 13:30:18 Solid 2 20 10 <2
1203508205 SDILT (392939001)  15-MAR-2016 13:30:18 Solid 2 20 10 <2
Reagent/Solvent Lot ID  Description Amount Comments:
2347437-1 NITRIC ACID 5mL Digestion Start Date: 15-MAR-2016 13:30
2349143 Sulfuric Acid, Concentrated 1mL Digestion End Date: 15-MAR-2016 15:30
2364159-C 5% KMnO4 solution 3mL Block Temperature (90.95C): 94 C
2366261-C 5% Potassium Persulfate 1.5mL Temperature within limits (Y/N)?: Y
2374218-C Hg reducing agent 1mL Thermometer 1D: 2126351
WHG160315-01A Mercury Working 1st Source CAL 0.2/CRA  20uL Hot Block ID: 12
WHG160315-02 Mercury Working 1st Source CAL 0.5 50 uL '
WHG160315-03 Mercury Working 1st Source CAL 2.0 200 uL
WHG160315-04 Mercury Working 1st Source CAL 5.0/CCV 500 uL
WHG160315-05 Mercury Working 1st Source CAL 10.0 1mL
WHG160315-06 Mercury Working 2nd Source 5.0/ICV 500 uL

Analytical L ogbook version 1 11-04-2002
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Prep L ogbook

Toxicity Characteristic L eaching Procedure Preparation

Batch ID: 1552065 Verified by:
Analyst:  Richard Dollinger Lab SOP; GL-LB-E-006 REV# 19
Method: SW846 1311 Instrument: TCLP Tumbler #106
Sample |D 1203507872 TB 392939001 1203507871 M S (392939001)
Analysis Start Date 14-M AR-2016 15:50:30 14-M AR-2016 15:50:30 14-M AR-2016 15:50:30
100% Solid Y/N y y y
(1) Sub Sample Aliquot 1I=G-H (g) 79 79
Initial pH (su) 2.88 12 12
pH Temperature (celsius) 50 50
Final pH (su) 1151 1151
Tumbler Speed 28 28 28
Sample Properties <>/= Water TCLP2 Solid Solid
(J) 10X Wet Solid Weight 20X1 (g) 2000 1580 1580
Filtrate Volume (mL) 100 100 100
Type Sampleld Description Serial Number SpikeAmt  Units  comments:
MS 1203507871 TCLP Spiking Solution Hg U1151209 .25 mL Extration End Date: 15-MAR-2016 08:00:00
MS 1203507871 TCLP Spiking Solution A/B UI12343696 25 mL Filtration End Date: 15-MAR-2016 09:31:45
RGNT All 1IN HCI for pH testing 160217 35 mL Bottle Lot Number: 41021600
RGNT All TCLPEXTRACTION FLUID 2 T160310-2 2000 mL Filter Lot Number: 400105-5307
REGNT All Concentrated Nitric Acid 160119-tclp 2 mL

Analytical Logbook version 2 12-08-2004
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Extration Start Temperature: 23 C
Extration End Temperature: 23 C

GEL LaboratoriesLLC
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EBERLINE STANDARD OPERATING PROCEDURE u;_g;:‘;;g,é/;g

SERVICES .
Sample Receiving Page 140f 15

Eberline Services — Oak Ridge Laboratory
LABORATORY DATA SUPPORT CHECKLIST
MP-001-3

16 -03050

Eberline Services Work Order #

The checklist items listed below are to be initialed by appropriate staff upon completion/verification.

Date for Partial Initials Date Initials Checklist ltems

3‘{0‘[6 el Sample Log-In

3//7//69 ‘ﬁ ﬁ e& Data Compilation

1 Loyl | At T First Technical Data Review
5}23{& E\l\"/ Second Technical Data Review
3 /23 A y K] Data Entry/Electronic Deliverable
3' hﬁ,},(’, éﬂg,?/ Case Narrative

Electronic Deliverable Proof

SamplegQEIyzed within Holding Time
Yes? ) No? | I
QA/QC Rev\léw

Client in Possession of Data
Elecironic or Hard Copv

invoiced by Laboratory

v
3\laq\||qo
ﬁ!auhcp'
%ﬁb

O i@%

Technical/Clerical Corrections, Signatures Needed, Problems, Etc Date/Initials

Date package approved by: ]\*— 3 ,9"16? f 9‘-

Copy No. Radiochemistry Services

i
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SECTION I

CHAIN OF CUSTODY
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A Inte rnal Work Order # 16-03050
@ EBERLINE : Lab Deadiine 3/16/2016
= SErvices Chain of
Oak Ridge Laboratory Analysis UUISO - Level 4
C u StOd y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 9520 ESC1.5
> 05 < < NOT REQUESTED <<s
> 06 < < NOT REQUESTED <<
Location {circle one) Initials Date
Received by Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep /Ilr:_p) Separations Count Room
[
Recelved hy Sample Storage Rough Prep \ Prep ( Separations Count Room
Relinquished by Sample Storage Rough Prep \%ep Cé;;araiima? Count Room
; e

Received by Sample Storage Rough Prep Prep Separations @m/ A,@_“ 3 ( O{f(—- d‘&‘p
Relinquished by Sample Storage Rough Prep Prep Separations “’@ L(/b 3/ 16 jf G | R %g

Received by S@e Rough Prep Prep Separations Ceunt Room

Relinquished by Sample Storage Rough Prep Prep Separations GCount Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Recelved by Sample Storage Rough Prep Prep Separalions Count Reem
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 Count Room

Peinted: 3!1%016 1210 PM

&
i



Inte rnal Work Order # 16-03050
EBERLINE Chaln Of Lab Deadline 3/16/2016

SERVICES
Analysis PulSO - Level 4

C U StOd y Sample Matrix SoillSolid

Oak Ridge Laboratory

Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 9520 ESC1.5
>05< < NQT REQUESTED <L
06 0 ESC1.5

Fraction 06 is Process Blank

Lacation (circle one) Initials Date

Received by Sample Storage Rough Prep Prep Separations Count Room W\ =~
S, %

Relinquished by Sample Sterage Rougry(/ ‘z@ Separations Count Room -
J -
Received by Sample Storage Rq/gh Prep Prep éeparations > Count Room /% 5
7
Relinquished by Sample Storage Rough Prep Prep ( Se;arations " Count Room (Mf 3—[‘ A dqzl_

Received by Sample Storage Rough Prep Prep Separations C \Cb 3) (G ‘L rb(
; ©H
Relinquished by Sample Storage Rough Prep Prep Separations C@ \w 31W hil ) 62,‘1
e
Received by S@e ;toragé Rough Prep Prep Separations Count Room

Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Recelved 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

ﬁ Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinguished by Sample Storage Rough Prep Prep Separations Count Room

Prinle%l: %%%?% @%M



Inte rna‘ Work Order # 16-03050
EBERILINE . Lab Deadline 3/16/2016
SERVICES Chaln Of
Oak Ridge Laboratory C t d Analysis Pu241 - Level 4
u S 0 y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
comments Fraction Detector Activity Location
04 9520 ESC1.5
>05 < < NOT REQUESTED <<
06 0 ESC1.5
Fraction 06 is Process Blank
Location (circle one) Initials Da_te

Received by Sample Storage Rough Prep Prep Separations Count Room m \>
- (o\pe 2 mﬂc}
= D
Relinquished by Sample Sterage Rough Prep m Separations Count Room \'\(-\ I lﬂ_m _
a~ O e S |l EFgiolie N
e — 4 -
Received by Sample Storage Rough Prep ( Prep i§eparation§'\ Count Room ?p}% ";_]fl-{é 09‘{(/

Relinquished by Sample Storage Rough Prep \ Prep <§eparatior_,5) Count Room j% /W %fﬂé m? 2_
Received by Sample Storage Rough Prep Prep Separations C l \
b sl N

Relinquished by Sample Storage Rough Prep Prep Separations Cdunt Room l(f) = lue \ W LSQ;L

X [
" 9 .
Recelved by Sample Storage Rough Prep Frep Separations Count Room : 7 93 / I 6 ’ [ é é ;)
| / 5
Relinquished by Sample Storage Rough Prep Prep ( gepafa“;;S) Count Room 7f 0 b, / (> / / 1: / 6[ Q
2 '

e —

ived Sample Storage Rough Pre, Prej Separations ount Roﬁm
Received by p ) g P P p { ’\w j\ \(Q_ \/(..P i Um
‘ Relinquished by Sample Storage Rough Prep Prep Separations @ﬁ% % 3 / /7/ rb 06 \t—g/

Received by @mge Rougl Prep Prep Separations Count Room

T

€

5

Relinquished by Sample Storage Reugh Prep Prep Separations Count Room
il
!
\ Recelved by Sample Storage Reough Prep Prep Separations Count Room
]
1
i Relinquished by Sample Sterage Rough Prep Prep Separations Count Roem

Pﬁnte(:}: @ %O%HE&E %__%1 %M




Inte rnal Work Order # 16-03050
EBERLINE . Lab Deadline 3/16/2016
Strvices Chain of
Oak Ridge Laboratory Cust d Analysis SrTOT - Level 4
USto y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 Q520 ESCL.5
> 05 < < NOT REQUESTEE <<
>06 < < NOT REQUESTED <<
Locaticn (circle one) Initials Date
Recelved by Rough Prep Prep Separations Count Room A“L ld’ﬁ%b
Relinquished by Sampte Storage Rough Prep Prep @a@s Count Room /1[1' /S‘jb‘A/L[G 0910
Received b Sample Stora Rough P P Separations
eceived by ge ough Prep rep j : ,7-? o 9\

Relinquished by Sample Storage Rough Prep Prep Separaticns K R@ \L,& 3 E I b o0

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 Sterage Rough Prep Prep Separations Caount Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relingquished 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 Count Room V
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Sforage Rough Prep Prap Separations GCount Room

Prinled:: %%%%%M



Internal

Lab Deadiine

Work Ordeii 1 6-03050

SERVICES Chaln Of
. Analysis -
Oak Ridge Laboratory Custo d Y Tc099 - Level 4
Vi Sample Matrix Soillsolid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 9520 ESC1.5
05 0 ESC1.5
»> 06 < < NOT REQUESTED <<
Run MS
Location (circle cne) Initials Date
Received by Sample Slorage Rough Prep Prep Separations Count Room m ’4 A Q”,,
Relinquished by Sample Storage Rough Prep Prep Separations Count Room m /
. Smante 0¢4s”
Received by Sample Storage Rough Prep Prep Separations CM‘—’/ .
Dt oliyy]
Relinquished by Sample Storage Rough Prep Prep/%pmo@ C._-—"""’% /(/
~ z 7
Received by Sam rage Rough Prep ™ Prep Separations Count Room
N S
Relinquished by Sample Sterage Reugh Prep Prep Separations Count Room
Received by Sampte Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Roemn
Received by Sample Storage 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 Count Roem
Received by Sample Sterage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room

Printed: 3/10/2016, 1210 M
GO Lo




Internal Work Order ¢ 16-03050
EBERLINE - Lab Deadline 3/16/2016
Strvices Chain of
. Analysis C0014 - Level 4
Oak Ridge Laboratory C St o d
u y Sample Matrix Soil/Soiid
|
[ Sample HP 210 / 270 Storage
| - -
5 comments Fraction Detector Activity Location
04 8520 ESC1.5
05 0 ESC1.5
> 06 < < NOT REQUESTED <<
Run MS
Location (circle one) Initials Date
C b _ ; :
Received by Sample Storage Rough Prep Prep Separations Count Roem [ ‘f;u ltl 50(‘, 3 . / G- [ L
Relinquished by Sample Storage ough PrA Prep Separations Count Room IZ[S/ &4“ '30{ $ . I I ;[ s‘,
. | - ral
Received by Sample Storage Rough Prep Prep eparations \Ldb 3 )) i ‘ ‘b ;
1243
Relinquished by Sample Storage Rough Prep Prep Separations \(/(5 3 “12 ’L(D E ‘,O
ra t
Received by S(ple St@ Rough Prep Prep Separations Count Roem
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinguished 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 Count Room
: Receivedt by Sample Storage Rough Prep Prep Separations Count Room
| Relingquished by Sample Storage Rough Prep Prep Separations Count Reom
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Sterage Rough Prep Prep Separations Count Reom

Printed: 3(10/2016 12.10PM
PR



Internal | verower 16-03050
EEBERLINE . Lab Deadline 3/16/2016
Services Chain of
. Analysis i -
Oak Ridge Laboratory CUStOd Y Ni063 - Level 4
y Sample Matrix Soil/Solid
Sample HP 210 / 270 Storage
Comments Fraction Detector Activity Location
04 9520 ESCL1.5
113 o ESC1.5
> Oq < < NOT REQUESTED << <
Run MS
Location (circle cne) Initigls 4 Date
Recelved by Sample Storage Rough Prep Prep Separations Gount Roorr(? OOWM 6// L{,{ ( 2
Relinquished by Sample Storage Rough Prep Prep Count Room y
i Moo e o /M /Ny
Received by Sample Storage Rough Prep Prep Separations unt Rool \(b 3 | i \_’ l k \N\ u‘f
Relinquished b Sample Storage Reugh Prep Separations Count Roor / /
ulched b e Gy 1Zd @Y v
Received by . " Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Count Room
Received by Sample Storage Reugh Prep Prep Separations Caount Reom
Relinquished by Samgple Storage Rough Prep Preg Separations Count Room
Received by Sample Storage 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 Count Room
Received by Sample Storage Rough Peep Prep Separations Count Room
Relinquished by Sample Storage Reough Prep Prep Separations Count Room

Printed: &%0% 3:1 __F‘M



Inte rnal Work Order # 16-03050
EBERLINE : Lab Deadiine 3/16/2016
Scrvices Chain of
- Analysis -
Oak Ridge Laboratory C StOd 4 Gamma - Level 4
u y Sample Matrix SoiliSclid
Sample HP 210 / 270 Storage
comments Fraction Detector Activity Location
04 9520 ESC1.5 ~
> D5 < < NOT REQUESTED <<
> 06 < < NOT REQUESTED <<
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Location (circle one) Initials Date
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Relinquished by Sample Storage Rough Prep Prep Separations Gount Room
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&
STANDARD OPERATING PROCEDURE MP-001, Rev. 15
@g ESERLINE Effective: 2/15
_,@ Sample Recelving . Page 130f 15

Eberline Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST
MP-001-2

WORK ORDER # 16 -030 50

SAMPLE MATRIX/MATRICES: {CIRCLE ONE OR BOTH)

AQUEQUS JON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A)
WERE SAMPLES:

Recelved in good condition?

N

@
)

If aqueous, properly preserved

®

WERE CHAIN OF CUSTODY SEALS:

Present on ouiside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

AN

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: -t/

Copy No. Radiochemistry Services
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EBERLINE ANALYTICAL CORPORATION
60! SCARBORO ROAD

© EBERLINE OAK RIDGE, TENNESSEE 37830
SERVICES PHONE (865) L8I-0683
Fax (865) L83-462]

EBS-OR-40453
March 24, 2016

Joan Kessner

Washington Closure Hanford
2620 Fermi Avenue
Richland, WA 99354

CASE NARRATIVE
SAF: RC-155, SDG: XP0227
Work Order # 16-03050-OR

SAMPLE RECEIPT

This work order contains one other sample received 03/10/2016. Sample was analyzed for Isotopic
Uranium, Isotopic Plutonium, Plutonium-241, Total Strontium, Technetium-99, Carbon-14, Nickel-63
and by Gamma Spectroscopy.

CLIENT ID LABID CLIENT ID LAB ID
JIVED3 16-03050-04 J1V8D3 MS 16-03050-05
ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Plutonium and Plutonium-
241 were analyzed using Method EML Pu-02 Modified. Total Strontium was analyzed using EIChroM
Method SRW01 Modified. Technetium-99 was analyzed using EIChroM Method TCS01 Modified.
Carbon-14 was performed using EPA Method 520.0 Modified. Nickel-63 was performed using Method
ASTM 3500-Ni Modified. Gamma Spectroscopy was performed using Method LANL ER-130 Modified.

Laboratory qualifier is as follows:
U - Result is less than or equal to MDA,

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.

SPECIAL CIRCUMSTANCES

Sample contains positive activity and due to this condition, aliquots for most analytes are reduced to limit
activity during the analysis process. Due to this condition, method detection limits are slightly high for
some analytes.

Page 1 of 5
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions and
dilutions as appropriate. An aliquot from dilution was taken and 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 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.

Sample demonstrated acceptable results for all Uranium analyses. Chemical recovery was slightly high
for all samples. The Uranium-233/234, Uranium-235 and Uranium-238 method blank demonstrated
acceptable results. The Uranium-233/234 method blank is slightly greater than the method detection limit;
however, result is within acceptable limits for the analytical technique considering the positive nature of
the sample. Results for the Uranium-233/234 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 PLUTONIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions and
dilutions as appropriate. An aliquot from dilution was taken and Plutonium was selectively extracted by
jon exchange. Plutonium 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
Plutonium-238 and Plutonium-239. Chemical recovery was determined by the use of a Plutonium-242
tracer. Activity of the Plutonium-242 tracer was determined by alpha spectroscopy using an energy
specific region of interest.

Sample demonstrated acceptable results for all Plutonium analyses. Method detection limits are slightly
high; however, sample is positive making this condition moot. Chemical recovery was acceptable for all
samples. The Plutonium-238 and Plutonium-239/240 method blank demonstrated acceptable results.
Results for the Plutonium-238 and Plutonium-239/240 duplicate demonstrated an acceptable relative
percent difference and normalized difference. Results for the Plutonium-238 and Plutonium-239
laboratory contro! sample demonstrated an acceptable percent recovery.

PLUTONIUM-241

Following sample analysis for Isotopic Plutonium, filter media used was dissolved. Dissolved sample
was placed into a scintillation vial, scintillation cocktail was added and Plutonium-241 was determined by
liquid scintillation counting. Analytical tracer recovery was determined by yields from the Isotopic
Plutonium tracer.

Sample demonstrated acceptable results for all Plutonium-241 analyses. The presence of positive
Plutonium-238 makes Plutonium-241 quantification problematic. The liquid scintillation demonstrated
alpha activity in the 100 to 120 keV range which is greater than the Plutonium-241 energy window range;
however, the possibility of spectral trailing into the lower energy range (window) is possible and may
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ANALYTICAL RESULTS CONTINUED

PLUTONIUM-241 CONTINUED

have occurred. Due to this condition, qualification of Plutonium-241 results may be appropriate.
Chemical recovery was acceptable for all samples. The Plutonium-241 method blank demonstrated an
acceptable result. Results for the Plutonium-241 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Plutonium-241 laboratory control sample demonstrated an acceptable percent recovery.

TOTAL STRONTIUM

Sample was prepared by removing a representative aliquot followed by mixed acid digestions and
dilutions as appropriate. An aliguot from dilution was taken and chemical separations were conducted
using EIChroM stabilized chemical resins. Strontium fractions of the sample were eluted onto steel
planchets. Chemical recovery was determined by use of a stable Strontium carrier and subsequent mass
measurements. Sample was counted by gas flow proportional counting and corrected for Yttrium-90
ingrowth.

Sample demonstrated acceptable results for all Total Strontium analyses. Chemical recovery was
acceptable for all sampies. The Total Strontium method blank demonstrated an acceptable result. Results
for the Total Strontium duplicate demonstrated an acceptable relative percent difference and normalized
difference. Results for the Total Strontium laboratory control sample demonstrated an acceptable percent
TecOVery.

TECHNETIUM-99

Sample was prepared by removing a representative aliquot followed by mixed acid digestions and
dilutions as appropriate. An aliquot from dilution was taken and was prepared by oxidative reactions with
Nitric acid and Hydrogen Peroxide. After complete oxidization, Technetium was selectively extracted by
the use of EIChroM stabilized resins. Special cleanup chemistry was conducted for complete removal of
interferences associated with Uranium. Processed resins were then transferred to liquid scintillation vials,
scintillation cocktail was added and sample was counted by beta liquid scintillation.

Sample demonstrated acceptable results for all Technetium-99 analyses. The Technetium-99 method
blank demonstrated acceptable results. Results for the Technetium-99 duplicate demonstrated an
acceptable relative percent difference and normalized difference. Results for the Technetium-99
laboratory control sample demonstrated an acceptable percent recovery. Results for the Technetium-99
matrix spike demonstrated an acceptable percent recovery.

CARBON-14

A representative aliquot of the sample was placed into a 1-liter reaction vessel. A carbonate solution was
added. Sample was oxidized using Potassium Permanganate. Carbon dioxide was evolved and Carbon-
14 was captured into Harvey brand, Carb-Sorb cocktail. Carbon-14 beta emissions were then determined
by beta liquid scintillation using an energy selective region.
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ANALYTICAL RESULTS CONTINUED

CARBON-14 CONTINUED

Sample demonstrated acceptable results for all Carbon-14 analyses. The Carbon-14 method blank
demonstrated an acceptable result. Results for the Carbon-14 duplicate demonstrated a high relative
percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Carbon-14 laboratory control sample demonstrated an acceptable percent
recovery. Results for the Carbon-14 matrix spike demonstrated an acceptable percent recovery.

NICKEL-63

Sample was prepared by removing a representative aliquot followed by mixed acid digestions and
dilutions as appropriate. An aliquot from dilution was taken and was placed into an appropriately sized
beaker. Stable elemental Nickel carrier was added to the sample prior to digestion. Sample was digested
in concentrated Nitric acid. After digestion, sample pH was adjusted and Nickel-63 was precipitated
selectively with Dimethylglyoxime. Precipitates were selectively separated, redissolved, and residual
acid was effectively neutralized. Sample residuals were placed into scintillation vials, scintillation
cocktail was added and Nickel-63 activity was determined by beta liquid scintillation.

Sample demonstrated acceptable results for all Nickel-63 analyses. The Nickel-63 method blank
demonstrated an acceptable result. Results for the Nickel-63 duplicate demonstrated a high relative
percent difference and normalized difference. In this case Nickel-63 duplicate variations were most likely
caused by the somewhat heterogeneous sample nature. Results for the Nickel-63 laboratory control
sample demonstrated an acceptable percent recovery. Results for the Nickel-63 matrix spike
demonstrated an acceptable percent recovery.

GAMMA SPECTROSCOPY

Sample for Gamma Spectroscopy analysis was prepared by transferring a known mass/aliquot of the
prepared and homogenized sample to a standard geometry container. Sample was counted on a High
Purity Germanium (HPGe) gamma ray detector.

Sample demonstrated acceptable results for all gamma-emitting radionuclides as reported. Sample results
demonstrated slightly high method detection limits. In several instances, due to significant Compton
scatter, results demonstrated negative values. This is directly related to positive Cesium-137 activity
within this sample. Quantification of non-positive radionuclides is not possible. In the case of Europium-
152, Europium-154, Europium-155, Potassium-40, Protactinium-234m, Lead-214, Thorium-234 and
Thallium-208, all results were reported from the Canberra Gamma Apex “Nuclide MDA Report”, The
Potassium-40 method blank demonstrated a result slightly greater than the method detection limit. The
method blank demonstrated acceptable results for all other radionuclides as reported. Results for the
Americium-241 and Cesium-137 replicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Europium-152 replicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Cobalt-60 and Cesium-137 laboratory control sample demonstrated an acceptable percent
recovery.
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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.

M.R. McDougall
Laboratory Manag

Date: 3/24/2016

Eberfine 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.
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ANALYTICAL RESULTS SUMMARY
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SECTION V

ANALYTICAL STANDARD



1 GA/GC REVIEWED | CERTIFICATE OF CALIBRATION
|y 1/16f47 i | ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer: TMA EBERLINE
Half Life: {4.468 1 0.005) x 10"9 years P.O.No.: OR2778
Catalog No,: 7338 Reference Date: Janvary 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi
Contained Radioactivity: (Total Uy 297 kBq

Description of Solution

a. 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 . giml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radicactive Danghters

Refer to attached technical data sheet
Radionuclide Concentration
(Total U) 0.1228 . uCifg.

Method of Calibration

Activity calculations are based upon known specific activity and mass,

Uncertainty of Measurement
a. Systematic uncertainty in instroment 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
o 3 This calibration is implicitly traceable to the National Institute of Standards and Technology.
RIS Leak Test(s)
See reverse side for Leak Test(s) applied fo this source.
Notes '

1. Nuclear data were taken from *Table of Radioactive Isotopes®, edited by Virginia S. Shirley, 1936,
2. IPL participates in an NIST measurement assurance program 1o 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 4.15).

(
—EH , Bt AUAS

QU Y CONTROL

22 b !
Date Signed

ISOTOPE PRODUCTS LABORATORIES
3017 N, San FErRNANDO BLybp.
BurBANK, CALIFORNEA 91504
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EBERLIN MP-009

SEARVI

Al

% QUALITY CONTROL PROGRAM

Reav.8; 11/01/03
Titfe: Radioactive Reference Standards Solutions & Records

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

CURRENT DATE]: ... -
SOLUTION #}.

0/1/2015 0:00

SOLUTION REFERENCE #}IP1::475-50 "

Principal Radionuclide Bays

Ralf Life

Radionuclide Reference Date|:
Certified Activity 0| uGCi
Certified Concentration 1Ci per gram
Ampoule /Solution Gross Weight, Grams
Empty Ampoule Weight, Grams

Solution Net
Total Activity in Ampoule|

Weight, Grams
pCi.

Chemical Composition of Standard Solution
B

Dilution Instructions: Dilution Solvent Used

Dilute to a volume of

Certified Total Activity of|

2 B0160}uCI Which Equals [ -1:780E+07|dpm at the date listed above

_— L . . = , This activity concentration is based on the original
And after dilution the activity of this solution is| 1.77955E+04)|dpm/mieference date listed above. All activities are corrected

to the date and ime of analysis by the laboratory data
processing software,

Expiration Date:| - "July-27, 2016 "]

Verified & Approved By (B Date: 10/1/2015 0:00

QC Approval 6}%}@ u&s"/ Date: /& r/ { // (S

&

Q
o

i



QUALITY CONTROL PROGRAM
%gﬁ—ﬁﬂéﬂ.ﬁ = MP-008

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

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION -

MP-009 . Datel .
Solution Reference #IPL:479:505:: Solution #

Princi al Radionuclide

Halfl.rfe Days
L G32E2]

Radionuclide of Interest|
Parent Sotution Cone. |’

Chem:cal Composut{on of Stand rd
{urani

Dilutlon Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol, Parent Solution: |:
Total Activity: |
Finaf Volume:}.

Final Activity Concentration: [~ - 7.1182E+01|dpm/mi

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

Isotopic Distibution s

U-238 Atom % = 48,239 UJ-236 =71.182 dpmiml X 0.48249 = 34.345 dpmiml
U-235 Atom % = 2.25 U-235 = 71.182 dpmiml % 0.0225 = 1,802 dpm/ml
U-234 Atom % = 48,501  U-238 = 71.182 dpm/ml X 0.48501 = 35235 dpm/fml
Al values +-3.6%

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

\Q\

Verified & Approved By

QC Approval ( > " Date: /0/ I/ [

Date: 10/1/2015 0:00

AJ Sy ‘




R,

RECORD COPY

Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

Approved
Signatory

Product Description & Measurement Certificate

Principal radiopuclide:  uwranium 232 (U-232)  Product code: UDP10050

Daughter Nuclide: Th-228 Batch Number: 92/232/67

Reference date: 01 March 2000

Radioactive concentration 1J-232 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution

Mass of solution $.35¢ groms

Volume of solution 5.035 millilitres

Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

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

Th-228 and daughter activity remeoved 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 atomn per cent at the reference date .

Not rmeasured

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

Recommended half life of uranium 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.

QWWM Project Ref. AE2315

Roger Wiltshire

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

Trkeert.wps 10/03/00 AEA Technology is the trading name of AEA Technology ple

i LT e b




EBERLINE MP-009

SERVICES

% QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Tile: Radioactive Reference Standards Soltfions & Records

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

MP 009 '

CURRENT DATE| :
SOLUTION #

0/27/2015:0:00
SOLUTION REFERENCE #|AEA/Amisishain: 92/232/6 -10:; |

Days
2:630E+04]

Principal Radionuclide Half Life, Years Ha_lf Life,

Radionuclide Reference Date 3/4/2000.0:60)
Certified Activity
Certified Concentration
Ampoiile /Solution Gross {Weight, Grams
Empty Ampoule Weight, Grams
Solution Ne {Weight, Grams

Total Activity in Ampoule| - 0.9760{uCi

Chemical Composition of Standard Solution

&

— — o

Dilution Instructions: Dilution Solvent Used

Dilute to a volume off:

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

— . . . o ‘ This activity concentration is based on the original
And after dilution the activity of this solution isj. 2;167TE+03{dpm/ml reference date listed above. All activities are corrected

to the date and time of analysis by the laboratory data
processing software,

Expiration Date: |- October 26, 2016 |

Verified & Approved By ‘\-— _ h ) Date: 10/27/2015 0:00
QC Approval : Date: /0/9,;24 <z
A A
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_Ei_lzl?.g-:tmﬁ MP-008

Rev.8; 1101703

Title: Radioactive Reference Standards Sclutions & Records

QUALITY CONTROL PROGRAM

EBERLINE SERVICES - QAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date[-
Solution Refarence #|AEA/Amersha 82/232/67. 1 Solution &) E10a:
Principal Radionuclide Half Life, Years Half Life, Days
“200E+01 ™72 630E+04]

Radionuclide of Interest
Parent Sofutior Conc

Chamiqa_l Composiﬁo

2600°0:00]

f Standard Solution

M HNO,

Dilution Instructions:

Vol. Parent Solution: |
Total Activity:|.
Final Volume:[.

NOTES:

Verified & Approved By -

QC Approvail

Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION -

0.0000ml
870E+D4]dpm Final Activity Concentration:| > ... .2 1670E+01 [dpmimi
SAD0000 mi

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

Expiration Date:] October 26, 2016 |

No

_ - Date:  10/27/2015 0:00
= | > <

Date: /?/:ﬂ. 7’/{ S

&)
u]
&
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£ %“- Nutional FJustitute of Stamdards & Techunlogy

’ @ertificate

Standard Reference Material 4334H
Plutonium-242 Radioactivity Standard

This Standard Reference Material (SRM) consists of radioactive plutonium-242 nitrate and nitric acid
dissolved in 5 mL of distilled water. The solution is contained in a flame-sealed NIST borosilicate-glass
ampoule. The SRM is intended for the calibration of alpha-particle counting instruments and for the
monitoring of radiochemical procedures,

Radiological Hazard: The SRM ampoule contains plutonium-242 with a total activity of approximately
150 Bq. Plutonium-242 decays by alpha-particle emission. None of the alpha particles escape from the SRM
ampoule. During the decay process, X-rays and gamma rays with energies from 10 ke'V to 160 keV are also
emitted, Most of these photons escape from the SRM ampoule but their intensities are so small that they do
not represent aradiation hazard. Approximate unshielded dose rates at several distances (as of the reference
time) are given in note [a]*. The SRM should be used only by persons qualified to handle radioactive
material. ‘ '

Chemical Hazard: The SRM ampoule contains nitric acid (HHINO;) with a concentration of 3 moles per liter
of water. The solution is corrosive and represents a health hazard if it comes in contact with eyes or skin.
If the ampoule is to be opened to transfer the solution, the recommended procedure is given on page 2. The
ampoule should be opened only by persons qualified to handle both radioactive material and strong acid
solution. : '

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

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

Lisa R. Karam, Acting Chief

Tonizing Radiation Division
Gaithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
January 2005 Measurement Services Division
SRM 4334H, page 1 of 7 *Notes and references are on pages 3 to 7.
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%E ERLIN QUALITY ﬁgﬂl’:}l;fROL PROGRAM

Rev.8; 11/10/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
(RECERTIFICATION)

MP 009

CURRENT DATE[ 57472075 0:00
] SOLUTION#[ - PG20. -

SOLUTION REFERENCE #[NIST 4334H. — .

Pl’iI’ICI al Racllonucllde Half Llfe Years Half Llfe, Days
e vy T ‘ [ - 1.363E+08]
Radionuclide| . , Reference Date| -~ " 76/7/1994.0:00|EST
Certified Activity : InCi
Certified Concentration | 7:111E-04|.Ci per gram

Ampoule /Solution Gross| .5 Weight, Grams
Empty Ampoule!.* ' '4.0566|Weight, Grams
Solution Net|- . - 5.5102|Weight, Grams

Total Activity in Ampoule [3.9182E-03|pCi

Chemical COI’HpOSItIOﬂ of Sta dard SOIution
[#°PU(NQg)zin 2N-HNOg.

Dilution Instructions; Dilution Solvent Used IN-HNO5.
Dilute to a volume of| =10 - Imiltiliters
Certified Total Activity of{ 3.9182E-03|uCi Which Equals | - 8.698E+03|dpm at the date listed above

o . . . .. This activity concentration Is based on the original
And after dilution the activity of this solution is | 8.638E+00jdpm/ml  reference date listed above. All activities are corrected

to the date and time of analysis by the laboratory data
ﬁh

precessing software.
Recertified By:

Expiration Date:| ~~ April 27, 2016 . |

Date: 05/04/15

/ \\.
QCAppmvai:_M |\|; Date: _ S5~ /d”

/
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National Institute of Standards & Dechnology

Uertificate
Standard Reference Materi_al® 4323B

Plutonium-238 Radioactivity Standard

This Standard Reference Material (SRM) consists of a solution of a standardized and certified quantity of radicactive plutoniom-238
in a suitably stable and homogeneous matrix. It is intended primarily for the calibration of instruments that are ured 1o measure
rudioactivity and for the monitoring of radiochemical procedures. A unit consists of 4 solution, whose composition is specified in
Table 1, contained in a flame-sealed 5 mL NIST borosilicate-glass ampoule (see Note ])

The certified Plutonium-238 massic activity value, at a Reference Time of 1200 EST, 15 November 1999, is: i
(41.52 + 0.28) Bqeg?

Additional physical, chemical, and radiological properties for this SRM, as well as details on the standardization method, are given in
Table 1. Uncertainties for the certified quantities are expanded (k = 2). The uncertainties arc calculated according to the 150 and
NIST Guide (see Note 2) Table 2 contains a speCIﬁcatmn of the components that comprise the uncertainty analyses.

Expiration of Certification: The certification of SRM 43238 is valid indefinitely provided the SRM is handied and stored proper!y
and no cvaporation or change in composition has occurred. The solution matsix, in an unopened ampoule, is indefinitely
homogeneous and stable within its half-lifs-dependent useful lifetime provided the SRM is handled in accordance with instructions
given in this certificate {see “Instructions for Use™). The certificution is nullified if the SRM is damaged, contaminated, or otherwme
modified.

Maintenance of Certification: NIST will monitor this SRM over the period of its certification. If substantive technical changes occur -
that affect the certification before the expiration of this certificate, NIST will notify the purchaser. Registration (see atiached sheet} will
facilitate notification.

This SRM may represent a radiological hazard and a chemical hazard. Consult the Material Safety Data Sheet (MSDS), enclosed
with the SRM shipment, for details (see Note 1),

This Standard Reference Material was prepared in the Physics Laboratory, lonizing Radiation Division, Radioactivity Group,
M.P. Unterweger, Group Leader. The overall technical direction and physical measurement leading to certification were pravided by
L. Lucas of the NIST Radioactivity Group.

Support aspects involved in the issuance of this SRM were coordinated through the NIST Measorement Services Diviston.

INSTRUCTIONS FOR USE

Storage: SRM 43238 should be stored and used at a temperature between 5 °C and 65 °C. The ampoule {(or any subsequent
container should always be clearly marked as containing radioactive material. ‘

Handling: If the ampoule is transported, it should be packed, marked, Jabeled, and shipped in accordance with the applicable
national, international, and carrier regulations. The solution in the ampoule is a dangerous good thazardous material) because of both
the radioactivity and the strong base or acid. The ampoule should be opened only by persons qualiﬁod te handle both radicactive
material and alkaline and/or acidic solutions. Appropriate shieldin g and/or distance should be used 1o minimize personnel exposure,
Refer to MSDS for further information,

Lisa R. Karam, Chief
Ionizing Radiation Division

Guithersburg, Maryland 20899 Robert L. Watters, Jr., Chief
Certificate Issue Date: 30 July 2009 Measurement Services Division
See Certificate Revision History on Last Page

* Notes and references may be found on page 4. _
SRM 43238 Page 1 of 4




QUALITY CONTROL PROGRAM

EBERLINE MPp-009

B
% SERVICES

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

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

CURRENT DATE| -
| SOLUTION #

- 743/2015.0:00

SOLUTION REFERENCE #|NiST:43238

{Principal Radionuclide Half Life, Years

BOE+0Y

Days _

Half Life,

Reference Date 1511999:0:00]

Ampoule /Solution Gross}:

6|Weight, Grams

Empty Ampoulej: 18|Weight, Grams
Solution Net| {Weight, Grams
Total Activity in Ampoule| ™ " { BjuCi
Chemical Composition of Standard Solution
e 2NHNO
Dilution Instructions: Dilution Solvent Used

Dilute to a volume of[:::

Certified Total Activity of| .

And after dilution the activity of this solution is| 1.246|

Verified & Approved By '

< milliliters

Which EBquals |- - ' 1.246E+04jdpm at the date listed above

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

E+01]dpm/ml

Lolb
Expiration Date:| -June 27,2644, |

Y

lefs
m—(ﬁo

Date:

Date: ? ~ & ~—f 5

QC Approval Wkrﬂﬁw\\;—‘
[

- BSEa



g é UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
% & OFFICE OF RESEARCH AND DEVELOPMENT
: %meﬁ@ ENVIRONMENTAL MONITORING SYSTEMS LABORATORY-LAS VEGAS.
P.O. BOX 83478
LAS VEGAS, NEVADA 89193-3478
. 702/798-2100
Calibration Certificate
Description '
Principal Radionuclide.........o......verveernnn. s T ]
Total Mass of this Solution....... [T breveereneane [ Approx. 5 grams
TOtal ACHVIEY.ooveereereererrereensann, ererieererseneaeeans .| Apprex. 62 nanocuries |
HAFvevrveeeeeeeeeeereesesennnn, e ereen e anas { 24,110 + 30 years |
Activity Concentration........ v naeaes ceeevere | 12.4 nanocuries/gram |
February 2, 1995
~ Date and Time of Standardization............cccouueees . 0400 hours PST
_Solution Number.......... erer e S| 94002-1 ]
Measurement

_Method of Measurement:

The activity of the primary solution was measured by liquid scintillation counting.
The activity of the dilution was also measured by liquid scintillation counting.

Activity of daughter radionuclide:

The principal activity was accompanied at the guoted time by :

L 1 of the daughter nuclide

Useful Life

....... S

2001 ]

TR e e — et ST TS
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QUALITY CONTROL PROGRAM
%E_B“E_R;_: NE _ MP-009

| Rev.14; 1011012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY |
RADIOACTIVE REFERENCE SOLUTIONS

RECERTIFICATION
MP 009
CURRENT DATE|". B15/2016:0:00]
SOLUTION REFERENCE #|EPA S4002:1: 1 SOLUTION # :
Principal Radionuclide Half Life Years Half L fe Days -

Radionuclide|. Reference Date
Certified Activity|
Certified Concentration|
Ampoule /Solution Gross|: 60{Weight, Grams
Empty Ampoule} 57 |Weight, Grams
Solution Net| 3[Weight, Grams

Total Activity in Ampoule|: ::

02 uCi

Chemical Composition of Standard Solution

Dilution Instructions: Dilution Solvent Used fam)

Dilute to a volume of

] milliliters

Certified Total Activity of|::.

+0.0702{uCi Which Equals |- +::1:558E+05{dpm at the date listed above

This activity concentration is based on the original
And after dilution the activity of this solution is| 1.558E+02|dpm/ml reference date listed above. All astivities are corrected

to the date and time of analysis by the faboratory data
processing software,

Expiration Date: |- February 25, 2017 |

Verified & Appraved By Date: 3/5/2016 0:00

QG Approva Date: (3‘/ i




24937 A Tibbitt
ISOtOpe PrOd UCtS Valencia‘,“(eigﬁforlniaEQ?SSS

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

CERTIFICATE OF CALIBRATION
BETA STANDARD SOLUTION

Radionuclide: Pu-241 Customer: EBERLINE SERVICES

Half-life: 14.4 + (0.2 years P.0O. No.: 10462

Cataleg No.: 7341 Reference Date: 1-Sep-02 12:00 PST

Source No.: 943-70 Contained Radioactivity: 112.1 nCi 4148 kBq

(Fu-241 only)

Physical Description:
A. Mass of soluiion: 531119 gin 5 mL V-Vial
B. Chemical form: Pu(NO;}, in 4M HNOg
C. Carrier content: None
D. Density: 1.1296 g/mlL @ 20°C.
Radioimpurities:

See Technical Data Sheet
Radionuclide Concentration: 21.11 uCi/g, 781.1 kBa/g

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activily in uCi/g was determined
using a liquid scintillation counter,

Uncertainty of Measurement:

A. Type A (random) uncertainty: * 22%
B. Type B (systematic) uncertainty: * 40%
C. Uncertainty in aliquot weighing: + 06%
D. Total uncertainty at the 98% confidence level:  48%

Notes:

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

- IPL participaies in a NIST measurement assurance program to estabiish 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 4.15).

- Nuclear data was taken from NCRP Report No. 58, 1985.

- This solution has a working life of & years.

Ll /Aﬂ/zﬂ” 4/5’:’ Aibon_

Quality Control 7 Date Signed IPL Ref. No.: 843-70

150 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 Narth Keystone Street  Burbank, California 91504
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Rev.8; 11/10/063

Tifle: Radioactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM
QcP-009

ﬂ

Radionuclide
Certified Activity
Certified Concentration

SOLUTION REFERENCE #lPL: 943-7

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

QCP 0091

CURRENT DATE
SOLUTION #

1/15/2016.0.00

Hall’ Life, Days

Reference Date

AnCi per gram
Ampoule /Solution Gross|: Weight, Grams
Empty Ampoule Weight, Grams
Solution Net|- “IWeight, Grams

Total Activity in Ampoule| " 712.1000|.Ci

Chemical Composition of Standard Solution

F

Dilution Instructions:

Dilute to a volume ofj-

Certified Total Activity of|": 1

Dilution Soivent Used [+ FING

| milliliters

1121000} uCi Which Equals |::+ :2:489E+08|dpm at the date listed above

This activity concentration is hased on the original

And after dilution the activity of this solution is{2,489E+05]dpm/ml reference date listed sbove. All activities are corrected

to the date and fime of analysis by the laboratory data
pracessing software,

This standard recertification is based on the
recertification or the secondary dilution (Pu-17a) : \e

1t 4
Expiration Date:| . December7; 2048~] \A‘-\\"\

Receﬂifiedm A Date:  1/18/2016 0:00

QC -Approvai

= = (S

A
&
S
o
[




%Eﬁﬂl__iug | QUALITY CONTROL PROGRAM

Rev.8; 11/10/03
Tile: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

QCP-008-1-A _ Date 1718/2016 0:00

Solution Reference #|IPL:843-7 Solution #|: Gt 7
Principal Radionuciide Half Life, Years Haif Life, Days
: 0E+0T: 12 i 5260 +03]
Radionuclide of Interes! Reference Date

Parent Solution Conc. |+

dpmiml

Chemical Composition of Standard Soluti

Dilution Instructions: Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Finai Activity Concentration: | =5 1.2445E+03}dpm/g

Final Volume:}:

This activity coneentration is based on the original
i reference date listed above. All activitles are
NOTES: corrected to the date and time of analysis by the
laboratory data processing software.

Density Check:
ml Aliquoted Final Mass,g Density, glcc
25.0000 25.007 1.00028 \W J

Expiration Date:}] December 7, 201ﬂ
!

Recertified By “‘\\ Date: 1/18/16

9.(?[ 17

QC Approval Ei ;CEHW : Date: 49@/[ 6




{ %} Pational Ingtitute of Standards & Technology

~ Certificate

Standard Reference Material 4234A
Strontium-90 Radioactivity Standard -

This Standard Reference Material (SRM) consists of radioactive strontium-90 chloride, non-radioactive
strontium ¢hloride, non-radioactive ytérium chloride, and hydrochloric acid dissolved in 5 mL of distilled water.
The solution is contained in a flame-sealed NIST borosilicate-glass ampoule. The SRM is intended for the
calibration of bqta—particle counting instruments and for the monitoring of radiochemical procedures.

Radiological Hazard

The SRM ampoule contains st ontium-90 with a total activity of approximately 13 MBq. Strontium-90 decays
by beta-particle emission to yttrium-90, which also decays by beta-particie emission. None of the beta particles
escape from the SRM ampoule. ' The beta particles emitted from strontium-90 and yttrium-90 produce
bremsstrahlung photons with energies up to 2 MeV. Most of these photons escape from the SRM ampoule
and can represent a radiation bazard. Approximate unshielded dose rates at several distances (as of the
reference time) are given in note [a]*. Appropriate shieldirig andfor distance should be used to minimize

personnel exposure. The SRM should be used only by persons quatified to handle radioactive material.
Chemieal Hazard

The SRM ampoule contains hydrochloric acid (FICI) with a concentration of 1 mole per liter of water. The

. solution is corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transfer the sojution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an unopened
ampoule should remain stable and homogeneous until at least March 2005.

The ampoule (or amy subsequent container) should always be clearly marked as containing radioactive
material. Tf the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
- good (hazardous material) both because of the radioactivity and because of the strong acid. : :

Preparation

This Standard Reference Material was prepared in the Physics Laboratory, Tonizing Radiation Division,
Radioactivity Group, JM.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, cerﬁﬁg:ation; and issuance of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey. :

Gaithersburg, Maryland 20899 - _ Thomas E. Gills, Chief

- May 1995 (Text only revised November 1997} 7 Standard Reference Materials Program:

SRM 4234A, page 1 of 6 : ‘ *Notes and references are on pages 5 and 6.
\ -

BDEUs




QUALITY CONTROL PROGRAM
EBERLINE QCP-009

SERVICES

Rev.8; 11/10/03
Title: Radicactive Reference Standards Sofutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DIL.UTION RECERTIFICATION
QCP 009-1 '

CURRENT DATE
# SOLUTION #
' Half Life,

Reference Date|

SOLUTION REFERENCE #[NIST4234A"
Pri gl_ Rad_ionuclide Half Life, Years

- PStrontium’.

nci

Days __
1:048E-+04]

Radionuclide}:
Certified Activity)
Certified Concentration}

uCi
-01]uCi per gram

Ampoule /Solution Gross 400{Weight, Grams
Empty Ampoule 9{Weight, Grams
Solution Net 1 |Welght, Grams

Tatal Activity in Ampoule} "

i nCi

Chemical Co

X

mposition of Standard Solution

DHutlon Instructions: Dilution Soivent Used [AMHEI:

Dilute to a volume of] mililiters

This activity concentration Is based on the original
reference date fisted above, All activifies are corrected
to the date and time of analysis by the laboratory data
processing software.

x Expiration Date:| - - June.9,'2016.:. ]

Recertified By Date: 7I4/15

N
Verified & QC Approved By ?77/;-4%;?_/ Aﬁ,—mf Date: 7~ &- FAY

(&
&



Rev 8 11/110/03

QUALITY CONTROL PROGRAM

ESERLINE QCP.009

SERVYICES

Tite; Radivactive Reference Standards Solutions & Records

Principal

Solution Reference #[NIST-4234A°
dionuclide Half Life anrs

Radionuclide of Interest
Parent Solution Cone. |’

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

QCP-009-1-A

Days .
1:051E+04]

13/19050:00]

Dilution Instructions:

NOTES:

Vol. Parent Solution
Total Activity:}
Final Volume:|-

Dilution Solvent Used fMiH

SECONDARY VOLUMETRIC DILUTION

8| mil
dpm Final Activity Concentration:{:
mi

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.

Expiration Date:} June 9, 2016 1

1 urmm
Recertified By . Date: 714115

Verified & QC Approved By : . Date: _7-6 -/

— - 2/B939E+03 | dpat/ml

o
&
y

ré:::
Gt




CERTIFICATE OF CALIBRATION .%

BETA STANDARD SOLUTION

Radionuclide Tc-99 Customer: TMA. EBERLINE (NEW MEXICO)
Half Life: (2.13 £ 0.05) x 10™5 vears P.ONo.: LQS724
Catalog No.: 7099-1000 Reference Date: July 1 1595 12:00 PST.
Source No.: 499-15 Contained Radioactivity: 893 pCi.
Contained Radioactivity: 3670 KHq
Description of Solution
a. Mass of solution: 5.06314 g in a 5 ml flame sealed ampoule
b. Chemical form: NH4TcO4 in H20
¢. Carrier content: None
d. Density: Approximately 0.9982 g/ml @ 20°C,
Radicimpurities None detected
Radioactive Daughters
None
s

Radionuclide Concentration
19.61 nCisg,

Method of Calibration
The source was prepared from a weighed aliquot of solution whose concentration in pCi/gram was
determined by a liquid scintillation counter.

Uncertainty of Measurement

a. Systematic uncertainty i instrument calibration: & 2.1%
b. Random uncertainty in assay: t  0.7%
¢. Random uncertainty in weighing(s): + 0.1%
d. Total uncertainty at the 99% confidence level: + 22%

NIST Traceability
‘This calibration is implicitly traceable to the Nationa! Institute of Standards and Technology.
Notes

1. IPL participates in an NIST measurement assurance program to establish and maintain implicil traceability

for a number of nuclides, based on the blind assay(and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

[ GA/QC REVIEWED

pan /2496 Mﬂiﬁﬁﬂl QU CONTROL
2 Juu&' |25
Date Signed

[SOTOPE PRODUCTS LABORATORIES
3017 N. San FErnanDo Buvp.
BursaNk, CALIFORNIA 41504

818-843+7000 Fax 818-843-6168




| QUALITY CONTROL PROGRAM
; MP-009

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

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

- MP 009

CURRENT DATE] .1
SOLUTION #

SOLUTION REFERENCE #|iF

Half Llfe Days
[<775 7.780E407]

Radionuc!ide

Radionuclide Reference Date 11995:.0:00]
Certified Activity | Gl
Certified Concentration {uCi per gram
Ampoule /Solution Gross 8|Weight, Grams
Empty Ampoule| 0Weight, Grams

: 608 Weight, Grams

Solution Net|."'5
99,3000} pCi

Total Activity in Ampoule| -

_Chemicai Composition of Standard Solution

"|Dilution Instructions:

Dilute to a volume of

Certified Total Activity of| " 99,3000{uCi Which Equals | --:'2,204E+0B{dpm at the date listed above

. . : This activity concaentration is hased on the original
And after difution the activity of this solution is| 2.204E+056jdpm/m!  reference date Tisted above. AR activities are corrected
1o the date and time of analysis by the laboratory data
’ processing software,

Explration Date:| September 18, 2016 |

Recertified & Approved By l\\ Date: 10/1/2015 0:00

QC Approval 6&‘\)’6‘—{( Date: I D/ i !F <




ERLINE WP-009

SERVICES

%E QUALITY CONTROL PROGRAM

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

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

QCP-009-1-A Datej . 10/1/2015 0'00
Solution Reference #{1PL.489-15 i Solution #{ Tee28s
Principal Radionuclide Half Life, Years Half L.ife, Days

{7 7.780E+07)

Radionuclide of interest
Parent Solutlon Conc.

Reference Datef: 174995 1:00]

dpm/ml

Chermcal Com osmon of Standard Solution

Ditution Instructions: - Dilution Solvent Used

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solutlon:|*:7:::100:0000| mi

Final Volume:| 334 008:00]ml

This activity concentration is bDased on the original
reference daie listed above. All activities are

NOTES: corrected to the date and &ime of analysis by the
laboratory data processing software.
Expiration Date:[ September 18, 2016 |
-
Recertified & Approved By Date. 10/1/2015 0:00

QC Approval ﬁ%a%f—" \-%X, Date: 10/ ] ! (S

Total Activity: 2 040E+07|dpm Final Activity Concentration:j ~ ~  2.2040E+04]dpm/ml

]
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8 24937 Avenue Tibbitts
2 |50t0pe PrOdUCtS Valencia:(ecag?i?or:qia 91355

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

CERTIFICATE OF CALIBRATION
BETA STANDARD SOLUTION

Radionuclide: C-14 Customer: EBERLINE SERVICES
Half-life: 5730 1 40 years P.0. No.: 00009439
Catalog No.: 7014 Reference Date; 1«Nov-01 12:00 PST
Source No.: 841-40 Contained Radioactivity: 72.54 pCi 2684 kBqg
Physical Description:

A. Mass of solution: 5.10940 g in 5 mL flame-sealed ampoule

: B. Chemical form: Sodium Benzoate in 0.1M NaOH

C. Carrier content: None

D. Density: 1.002 g/mL @ 20°C.

Radioimpurities:

None detected

I Radionuclide Coucentration: 14.20  uCifg, 5254  kBg/g

Method of Calibration:

This source was prepared from a weighed aliquot of solution whose activity in uCilg was determined
using a liguid scintiilation counter.

Uncertainty of Measurement:

A. Type A {random) unceriainty: t 20%
B. Type B {systemaitic) uncertainty: ¥ 20%
C. Uncertainty in aliguot weighing: z 0.0%
D. Total uncertainty at the 89% confidence level: r 28%

Notes:

- See reverse side for leak test(s) performed 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 4.15).

5 - Nuclear data was taken from NCRP Report No, 58, 1985.
! - This solution has a working life of 5 years.

%/vv M e [2-Nov—Of

Quality Control Datie Signed IPL Ref. No.: 841-40
1SO 9007 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory
24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Strest Burbank, Californiz 91504
I @EELs



EBERLINE MP-009

SERVICES

% QUALITY CONTROL PROGRAM

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

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION REVER!FICA TION
MP 009

CURRENT DATE
1 SOLUTION #

SOLUTION REFERENCE #{{PL:841-40

Principal Radionuclide Half Life, Years

Radionuclide|:}i( Reference Date
Certified Activity}’
Certified Concentration|:
Ampoule /Solution Gross|: eight; Grams
Empty Ampoule}: 1Weight, Grams
Solution Net| [ {Weight, Grams
Total Activity in Ampoule|:: °72.5400]uCi

Chemical Gomposition of Standard Solution
i Soditin:Bonzoatein0AM Na

Dilution Instructions: : Dilution Solvent Used 1B AMNaOH:

Dilute to a volume of | 2101

Which Equals [.>2-1:-610E+08|dpm at the date listed above

i ivi i ion isF 7. This activity concentration is based on the original
And after dilution the activity of this solution is{-1.810E+05idpm/mi A remce';!;te il iyl e

to the date and time of analysis by the laboratory data
processing soffware.

Certifled Total Activity of].: -

72.5400] uC

Expiration Date:| - August 13,2016 ]

Verified & Approved By k Date: 10/1/2015 0:00

QC Approval Cﬁn}? A/(%Sﬂ%” Date: /?/;/ //S
L )



%5 BERLINE QUALITY ngggOL PROGRAM

SERVIELE

Rev.B; 1/10/03
Tile: Radfoactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION REVERIFICATION :

Date

Solution Reference #{IPLBA14 . Solution # ~
Principal Radionuclide Half Life, Years HaIlefg Days
T L ton] Lo 2.093E+08]

Radionuclide of Interest]:
Parent Solution Conc.|:

Chem_ical Composition of Standard Solution
ISodiunm:Benzoate: in'0:1MNaOH

Bilution Instructions: Dilution Solvent Used I MENaOH

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:|
Total Activity:
Final Volume:|.

Final Activity Concentration:{ . 3.:2208E+03|dpm/mi

This activity concentration is based on the original

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

Expiration Date:} _August 13, 2016 |

| |
Verified & Appm Date: 10/1/2015 0:00

QC Approval ﬁ&/m Date: lo,A// AN

(AN
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_— 1380 Seaboard Industrial Bivd.
H Atlanta, Georgia 30318
® Fckert & Ziegler Tel 404-353:5677
Fax 404+352:2837
An alytics www.analyticsinc.com

CERTIFICATE OF CALIBRATION

Standard Radionuclide Source

92791
Ni-63 § mL Liguid in Flame Sealed Vial

Customer: Eberline Analytical Corporation
P.O. No.: 7873, tem 1 Product Code: 8063

This standard radionuclide source was prepared gravimetrically from a master solution, calibrated by Eckert
& Ziegler Analytics. The master solution was calibrated by liguid scintillation counting, Radionuclide
calibration and purity were checked by germanium gamma-ray spectrometry, liquid scintillation counting,
and/or alpha spectrometry, as applicable. The nuclear decay rate and reference date for this source are given
below, Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measwrements Assurance Program as described in USNRC Regqulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1995, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,

VA 22101,
Uncertainty® , %
Hali-Life, Activity Type Reference Data
Isotope Days (Bc_g_) Ug Ug U (12:00 PM EST) ;
Ni-63 3.686E+04 3.733E+05 0.2 1.5 3.0 02/06/2013 '

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

Comments:

Impurities: y-impurities<0.1%,
5.01669 g 0. 1M HC] selution with approximately 30 pg/g Ni carrier.

Source Prepared by: j éc,éu-yé/

R. Ormsby, Radic€hemist

QA Approved: _—‘E%V,P ("\.-/\ Date: Z294INN1 3 '

J.D, McCervey, Counting Room Manager

- ey Sypuucd yiNY

Single isotope Certificate Rev 3, 23 August 2012

Corporate Office Laboratary
24937 Avenue Tibbltts  Valencia, California 91355 : 1380 Seaboard Industrial Bivd, Atlanta, Georgia, 30318

- BEBASE




29 QUALITY CONTROL PROGRAM
@

& EBERLIN MP-008

) o T TSERVIC

oim

Rev.d; 10/10/12
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
RECERTIFICATION

CURRENT DATE
SOLUTION #

SOLUTION REFERENCE #[Analytics 92797

I_ Badionuciide Half Life, Ye_a_lrs

Radionuclide Reference Date
Certified Activity Ci '
Certified Concentration|: :juCi per gram

Ampoule /Solution Gros 145|Weight, Grams
Empty Ampoule| 3 '4.2269|Weight, Grams
Solution Net]. - 5.0176]Weight, Grams Mass checks certificate

Total Activity in Ampoule|: . 10.0892{uCi

Chemical Compos:tlon of Standard Solution
Nj

——

Dilution Instructions: Dilution Solvent Used [0:4EN:HCI

Dilute to a volume of |

s milliliters or grams

Certified Total Activity of["..10.0892]uCi Which Equals L.

And after dilution the activity of this solution is[ Z.240E+04]dpmig oo 2oavity Soncentration Is basad on the original 4

to the date and time of analysis by the lakoratory data
processing software.

2:240E+07|dpm at the date listed above

Expiration Date:| - Jahuary 252017 .|

m 2l
Verified & Approved By : Date: 3416
QC Approvaéaxm Date: 3 , il l {le

L




This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radiotmclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray specirometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
: checked using a germanium gamma spectrometer system. At the time of ealibration no interfering gamma-

— 1380 Seaboard Industrial 8lvd.
. Atlanta, Georgia 30318 P
& Eckert & Ziegler v
Fax 404+352:2837 P
Analy‘tics www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source 6 AS ~| ‘-‘-O i
1 98500 PGAS-
s Sand in Falcon Petri Filled to Capacity
Customer: Eberline Analytical Corporation
P.0. No.: OR-1408030, Item 3 Product Code: 8401-EG-SAN :
Reference Date: 01-Oct-2014 12:00 PM EST Grams of Master Sgdrce: 0.016774

ray emitting impurities were detected. The gamma-ray emisgion rates for the most intense gamuma-ray lines
are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.185,
Revision 2, July 2007, and compliance with ANS] N42.22-1998, "Traceability of Radicactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation requivements. Customers may report any
concemns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101,
Master Uncertainty* , % :
Gamma-Ray  Half-Life, Source® This Source Type Calibration
Nuclide Energy (keV) Days yps/gram YPS Ug U U Method* '
Am-241 59.8 1.B80E+05 1.948E+03 0.1 18 38 amls
Cd-108 88.0 4.614E+02 1.663E+05  2.190E+03 058 2.0 4.1 HPGe
Co-57 122.1 2.717E+02 B.913E+04  1,495E+03 04 L7 35 HPGe
Ce-139 165.9 1.376E+02 1.241E+08  2.081E+03 04 17 358 HPGe
Hyg-203 279.2 4,659E+01 2.675E+05  4.487E+03 0.3 1.7 358 HPGe
Sn-113 391.7 1.181E+02 1.796E+05  3.018E+03 04 19 3.9 HPGe
Cs-137 661.7 1.099E+04 1.111E+05  1.863E+03 07 19 40 HPGe
Y-88 898.0 1.066E+02 4.223E+058  7.083E+03 0.7 LI 37 HPGe
Co-60 1173.2 1.825E+03 2.091E+05  3.508E+03 0.7 1.8 39 HPGe
Co-60 1332.8 1,925E+03 2.094E+05  3.B13E+03 07 18 39 HPGe
Y-88 1836.1 1.066E+02 4471E+05  T.498E+03 0.7 1.7 3.1 HPCe

* Mastor Source refers to Analyties’ 8-isotope mixture which is calibrated quarterly.

Calibyation Methods: 417 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanivm Gamma-Ray Spectrometer, IC -
Ionization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1287, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results.”

(Certificate continued on reverse side}

= ASH GROWNOL YNV

MGS Certificate Rev 7, 11 September 2014 Page 1 0f 2

Laboratory
1380 Seaboard Industrial Bivd. Atlanta, Georgila, 30318

Corporate Office
24937 Avenue Tibbitts Valencia, California 91355

—— - . . ——



SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY
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LABORATORY TECHNICIAN'S NOTES




ISO-U NOTES




Printed: 3/11/2016 8:09 AM

Page 10of 1

& Oak Ridge Laboratory Intemal Wark Order 16-03050
EBERLINE 601 Scarboro Rd.
) SERVIGES Qak Ridge, TN 37830 Analysis Code
Work Order Analysis Notes Voice: 865.481.0683 " U U ISO
www.eberlineservices.com Run Number 1
Date Dept User et : Notes . :
ALIQUOTED AND DIGESTED SAMPLE WiTH HNO3 AND HCL- CENTRIFUGED AND DILUTED-

03/11/16 08:09 PREP JWOLFE

ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

: EAEBT



Printed: 3/15/2016 4:54 PM Page 1 of 1
Oak Ridge Laboratory Internal Work Order 1 6-03050
EBERLINE 601 Scarboro Rd.
) SERVicEs Oak Ridge, TN 37830 Aneiysis Gode
Work Order Analysis Notes Voice: 865.481.0683 UuIsO
www.eberlineservices.com Run Number 1

Date Dept User Notes
0311116 08:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-
ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS
03/15/16 16:54 CHEM JDEMELAS Added concentrated HCI to sample beakers and heated to dryness; Added 20 ml 8N HCL to samples and

transferred to new, labeted C-Tubes, rinsing with 8N MCI to bring volume to ~35 ml; Preconditioned resin
columns with 35 ml 8N HCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 mi 8N
HC!, centrifuged as neaded and loaded onto columns; Rinsed columns with 35 ml 8N HCI - 0.1N NH44, 35 ml
of 6.5N HCI — 0.04N HF, and 10 m! of 6.5N HCY; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of congentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.

3/)5 /b




Printed: 3/16/2016 5:10 AM . Page 1of 1

Oak Ridge Laboratory Internal Work Order 1 6-03050
EBERLINE 601 Scarboro Rd.
s i .
Ook Ridge, T 37930 e UUISO

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
H i
# Date ¢ Dept User Notes
11 03/111/55 08:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DIEUTED-

ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

2| 03M15/16 16:54 CHEM JDEMELAS Added concentrated HC1 to sample beakers and heated to dryness; Added 2¢ mi 8N HCL to samples and
transferred to new, Jabeled C-Tubes, rinsing with 8N HCl te 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 35 mi 8N HCI— 0.1N NHA41, 35 mi ,
of 6.5N HCI - 0.04N HF, and 10 ml of 6.5N HC!; Eluted Uraniumn with 50 ml of 0.5N HCI into clean, labeled 100 |
il beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of concentrated HCI; Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filfering.

31 03/16/16 05:10 CHEM TSMITH Followed steps 12.1.7 to 12.4.5 in AP-005 . { Preciptiated and filtered samples for Uranium )

q?/‘g,t(,
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Eberline Anatytical

Printed: 3/16/2016 5:16 AM

Cak Ridge Laboratory Page 1 of 1
Internal Work Order
SERVICES Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagent Reagent Reagent Analyst Date
D Name Concentration itp] Recorded

: 017151P Hydrochloric Acid Reagent Grade JWOLFE 3/11/2016

_ 017258P Nitric Acid Reagent Grade IWOLFE 3/11/2016
017115P Anion Exchange Resin Reagent Grade JDEMELAS 3/15/2016
017034001 Hydrochloric Acid 0.5N JDEMELAS 3/15/2016
0173058 Hydrochloric Acid 6.5N JDEMELAS 3/15/2016
i 017035P Hydrochloric Acid Reagent Grade JDEMELAS 3/15/2016
1 0173948 Hydrochloric Acid 8N IJDEMELAS 3/15/2016
‘ 0173958 HCl - NH4 8N - 0.1M JDEMELAS 3/15/2016
0173645 HCI - HF 6.5N - 0.04N JDEMELAS 3/15/2016
 016949P Ethanio! Reagent Grade TSMITH 3/16/2016

© 017047P Hydrofluoric Acid Reagent Grade TSMITH 3/16/2016
0169735 Neodymium Carrier 1 mg/m| TSMITH 3/16/2016
016606P Titancous Chloride Reagent Grade TSMITH 3/16/2016
0173905 Carbon substrate Solution TSMITH 3/16/2016
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ISO-PU NOTES



Printed: 3/11/2016 8:09 AM Page 10f 1

Oak Ridge Laboratory Internal Wark Grder 1 6-030 50
EEBERLINE 601 Scarboro Rd.
""" T BERVICES Oak Ridge, TN 37830 Analysi
» ysis Code
Work Order Analysis Notes V°"‘:“:: :65;.'431'05.83 PulSO
www.eberlineservices,.com Run Number 1
# Date Dept User _ - A B - : "Notes ; : T
1| 03111796 08:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-
ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTIED SAMPLES TO SEPARATIONS
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Printed: 3/15/2016 4:56 PM Page 1 of 1
Oak Ridge Laboratory eenal Work Order 16-03050
EBERLINE 601 Scarboro Rd.
T TSEAVidEs Oak Ridge, TN 37830 Analvsis Code
Work Order Analysis Notes Voice: 865.481.0683 ” PUISO
www.eberlineservices.com Run Number 1

Date Dept User ) Notes
03/11/16 08:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-
ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS
03/15/16 16:56 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated o dryness; Added 20 ml 8N HNO3 to samples and

hot-transferred to C-Tubes, adding 8N HNO3 1o bring volume to ~35 ml; Preconditioned resin columns with 50
ml 8N HNOQ3; Centrifuged samples as needed; loaded samples onto columns; Rinsed C-Tubes with 20 ml 8N
HNOS3, centrifuged as needed and loaded onto columns; Rinsed columns once with 30 mi 8N HNO3, followed
by 35 ml of 8N HCL; Eluted Plutonium with 50 ml 8N HCL/0.1M NH4! into clean, labeled 100 ml beakers;
Added 1 ml concentrated HNO3 and dried down samples on hotplate; Dissolved samples in 10 ml
concentrated HCL; Transferred samplas to new, labeled C-Tubes using DI H20, bringing volume to ~15 ml;

Set samples aside for later precipitation and filtering.




Printed: 3/16/2016 5:14 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 16-03050
601 Scarboro Rd.

Oak Ridge, TN 37830 e oo
Voice; 865.481.0683 alysis Code PulSO

www.eberlineservices.com

Run Number 1

Date

Dept

User

Notes

03/11/16 08:09

PREP

JWOLFE

ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-
ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

03/16M16 16:56

CHEM

JDEMELAS

Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and
hot-transferred to C-Tubes, adding 8N HNO3 {o bring volume to ~35 ml; Preconditioned resin columns with 50
ml 8N HNO3; Centrifuged samples as needed; loaded samples onto columns,; Rinsed C-Tubes with 20 mi 8N
HNO3, centrifuged as needed and loaded onte columns; Rinsed columns once with 30 ml 8N HNO3, followed
by 35 ml of 8N HCL; Eluted Plutonium with 50 mt 8N HCL/0. 1M NH4l info clean, labeted 100 mi beakers;
Added 1 m! concentrated HNO3 and dried down samples on hotplate; Dissolved samples in 10 ml
concentrated HCL; Transferred samples to new, labeled C-Tubes using DI H20, bringing volume to ~15 ml;
Set samples aside for later precipitation and filtering,

03/16/16 05:14

CHEM

TSMITH

Followed steps 12.3.7 to 12.4.5 in AP-005 . ( Preciptiated and filtered samples for Plutonium )

 GBEase




Eberline Analytical

Printed: 3/16/2016 5:17 AM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
SERVICES - ' Analysis Code - . Run
Reagents Used in an Analysis PuIlsSO 1
Reagent Reagent Reagent Analyst Bate
D Name Concentration D Recorded
017151P Hydrochloric Acid Reagent Grade JWOQLFE 3/11/2016
017258P Nitric Acid Reagent Grade JWOLFE 3/11/2016
" 017230P Anion Exchange Resin Reagent Grade JDEMELAS 3/15/2016
0173958 HCI - NH4i 8N -0.1M JDEMELAS 3/15/2016
017394S Hydrochleric Acid 8N JDEMELAS 3/15/2016
017035P Hydrochloric Acid Reagent Grade JDEMELAS 3/15/2016
0173975 Nitric Acid 8N JDEMELAS 3/15/2016
017152P Nitric Acid Reagent Grade JDEMELAS 3/15/2016
t 016949P Ethanol Reagent Grade TSMITH 3/16/2016
3 017047F Hydrofiuoric Acid Reagent Grade TSMITH 3/16/2016
0169735 Necdymium Carrier 1 mg/ml TSMITH 3/16/2016
016606P Titanous Chloride Reagent Grade TSMITH 3/16/2016

COLA.
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PU-241 NOTES



Printed: 3/11/2016 8:09 AM

Page 1of 1

Oak Ridge Laboratory Intermal Work Grder 1 6_03050
EEBERLINE 601 Scarboro Rd.
BERVICES Oak Ridge, TN 37830 Analysis Gode
Work Order Analysis Notes Voice: 8G5.481.0683 Pu241
www.eberlineservices.com Run Number 1
Date Dept User Notes
03/11/16 08:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-

ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

rletps-
‘5111//95
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Printed: 3/15/2016 4:56 PM Page 1of 1

Oak R'dge Laboratory Internal Work Order 1 6_03050
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysis Code
Work Order Analysis Notes Voice: 865.481.06a3 PUZ41
www.eberlineservices.com Run Number 1
# Date Dept User Notes
1 03/11/16 D8:09 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-

ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

2| 03/15/16 16:56 CHEM JDEMELAS Added concenirated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and
hot-transferred to C-Tubes, adding 8N HNOS to bring volume fo ~35 mi; Preconditioned resin columns with 50
m! 8N HNOZ; Centrifuged samples as needed; loaded samples onto columns; Rinsed C-Tubes with 20 ml 8N
HNO3, centrifuged as needed and loaded onta columns; Rinsed columns once with 30 ml 8N HNOQO3, followed
: by 35 ml of 8N HCL; Eluted Plutonium with 50 ml 8N HCL{0.1M NH4l into clean, labeled 100 m] beakers;
Added 1 ml concentrated HNO3 and dried down samples on hotplate; Dissolved samples in 10 ol
concentrated HCL; Transferred samples to new, labeled C-Tubes using DI H2O, bringing voliume to ~15 mi;

Set samples aside for later precipitation gnd filtering.

. BABEL



Printed: 3/16/2016 5:15 AM Page 1 of 1
Oak Ridge Laboratory Intemal Work Ordar 1 6-030 50
EBERLINE 601 Scarboro Rd.
SERVICES Qak Ridge, TN 37830 Analysis Cade
Work Order Analysis Notes Voice: 865.481.0683 ’ Pu241
www.eberlineservices.com Run Nugnber 1

Date

Dept

User

Notes

03/1116 08:09

PREP

JWOLFE

ALIGUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-
ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

03/15/16 16:56

CHEM

JOEMELAS

Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 m 8N HNO2 to samples and
hot-transferred fo C-Tubes, adding 8N HNO3 to bring volume to ~35 m, Preconditioned resin columns with 50
ml 8N HNO3; Centrifuged samples as needed; loaded samples onto columns; Rinsed C-Tubes with 20 ml 8N
HNOS3, centrifuged as needed and loaded onto columns; Rinsed columns once with 30 ml 8N HNO?3, followed
by 35 ml of 8N HCL.; Eluted Plutonium with 50 ml 8N HCL/O. 1M NH4I into clean, labeled 100 ml beakers;
Added 1 ml concentrated HNO3 and dried down samples on hotplate; Dissolved samples i 10 ml
concentrated HCL; Transfermed samples to new, labeled C-Tubes using DI H20, bringing volume fo ~15 ml;
Sei samples aside for later precipitation and filtering.

03/16/16 0515

CHEM

TSMITH

Followed steps 12.3.7 to 12.4.5 in AP-005 . ( Preciptiated and filtered samples for Plutonium )

d/l l’
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Printed: 3/16/2016 4:15 PM Page 1 of 1

Oak Ridge Laboratory Intermal Work Order 1 6_030 50
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 .
Voice: 865.481.0683 Analysis Code Pu241

Work Order Analysis Notes

www.eberlineservices.com Run Number 1
# Date Dept User R Notes - - - . .
11 03/14/16 08:09 PREP JWOLFE ALIGUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED-

ALIQUOTED FROM DILUTION AND ADDED SPIKES AND TRACERS- DRIED SAMPLES DOWN AND
SUBMITTED SAMPLES TO SEPARATIONS

2| 03/15/16 16:56 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and
hot-transferred to C-Tubes, adding 8N HNOS3 to bring volume to ~35 ml; Preconditioned resin celumns with 50
ml 8N HNOS3; Centrifuged samples as needed; loaded samples onto columns; Rinsed C-Tubes with 20 mi 8N
HNO3, centrifuged as needed and Joaded onto columns; Rinsed columns once with 30 ml 8N HNO3, followed
by 35 ml of 8N HCL; Eluted Plutonium with 50 m! 8N HCL/O.1M NH4| into clean, labeled 100 ml beakers;
Added 1 ml concentrated HNQ3 and dried down samples on holplate; Dissclved samples in 10 ml
concentrated HCL: Transferred samples to new, labeled C-Tubes using DI H2Q, bringing volume to ~15 mk;
Set samples aside for later precipitation and filtering.

3 03/16/16 05:15 CHEM TSMITH Followed steps $2.3.7 to 12.4.5 in AP-005 . { Preciptiated and filtered samples for Plutonium )

4| 03/16/16 16:15 CHEM JDEMELAS Received fiters in Petridishes from Count Room; Transferred filters to labeled 20 mi glass scinfillation vials,
Added 10 ml Ultima Gold XR Scintillation Cocktail; Added ~8.1 ml DI H20 to spike sample and 10 ml DI H20
1o remainder of set; Added ~0.96 mi Pu241 Tracer (Pu 17A) to spike sample; Mixed samples, completed
documentation and submitied set to Count Rocim.

F@aean



Eberline Analytical Printed: 3/16/2016 4:18 PM

Cak Ridge Laboratory Page 1 of 1

i 5> Internal Work Order

| EBERLINE 16-03050

SERVICES Analysis Code Run

Reagents Used in an Analysis Pu241 1

é Reagent Reagent Reagent Analyst ~ Date

D -Name . : Concentration ' T ) ‘Recorded

017258P Nitric Acid Reagent Grade JWOLFE 3/11/2016
017151F Hydrochloric Acid Reagent Grade JWOLFE 3/11/2016
Q17230P Anion Exchange Resin Reagent Grade JDEMELAS 3/15/2016
017035P Hydrochloric Acid Reagent Grade JDEMELAS 3/15/2016
017152p Nitric Acid Reagent Grade JDEMELAS 3/15/2016
0173948 Hydrochloric Acid 8N JDEMELAS 3/15/2016

0173975 Nitric Acid 8N IDEMELAS 3/15/2016
0173955 HCl - NHA& 8N - 0.1M JDEMELAS 3/15/2016
016949pP : Ethanol Reagent Grade TSMITH 3/16/2016
017047P Hydrofluoric Acid Reagent Grade TSMITH 3/16/2016
0169735 Neodymium Carrier 1 mg/mi TSMITH 3/16/2016
016606P Titanous Chloride Reagent Grade TSMITH 3/16/2016
016805P Ultima Gold XR Reagent Grade JDEMELAS 3/16/2016
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TOT SR NOTES
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Printed: 3/11/2016 8:10 AM

Page 10f1

Oak Ridge Laboratory
601 Scarboro Rd.

Intemnal Work Order

16-03050

Oak Ridge, TN 37830 Anlysi
N ysis Gode
Work Order Analysis Notes Voice: ::rsli.:sl.oqsz SITOT
WWW. el eservices.com Run Number 1
Date Dept User Notes
03111716 081 | PREP TWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED

Y6
ANl
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Printed: 3/15/2016 6:18 AM Page 10of 1

Oak Ridge Laboratory inernal Work Order 16-03050
EBERLINE 601 Scarboro Rd.

| SERVICES Oak Ridge, TN 37830 Analysis Code

| Work Order Analysis Notes Voice: 865.481.0683 ’ SI'TOT

§ Y www.eberlineservices.com Run Nurmber 1

i' # Date Dept User Notes

; 11 03M1/16 08:10 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED

| 2| 03M5/16 06:18 PREP MHIGHTOWER Samples were aliquoted. Spike, carrier, and HNO3 were added and samples were dried. HNO3 and H202
were added and samples were dried, then transferred to c-tubes using 8M HNO3. Samples were centrifuged
and run over columns conditioned with 8 HNO3.
Columns were then rinsed with 8N HNO3. Waste was discarded. TO was recorded. Columins were eluted
with .05M HNO3. Solution was collected in clean ¢-tubes, dried on tared planchets, weighed, covered with foll,
and submitted to count room
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Eberline Analytical

Printed: 3/15/2016 9:06 AM

Qak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 16-03050
SERVICES Analysis Code Run
Reagents Used in an Analysis SrTfOT 1
Reagent : Reagént Reagent Analyst Date
iD Name Concentration 1D " Recorded
017151F Hydrochloric Acid Reagent Grade JWOLFE 3/11/2016
017258P Nitric Acid Reagent Grade JWOLFE 3/11/2016
016080P Hydrogen Peroxide 0.3 MHIGHTOWER 3/15/2016
016886D01 Nitric Acid 0.05N MHIGHTOWER 3/15/2016
016886D04 Nitric Acid 8N MHIGHTOWER 3/15/2016
' . 016886P Nitric Acid Reagent Grade MHIGHTOWER 3/15/2016
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TC-99 NOTES




Printed: 3/11/2016 8:10 AM

Page 10of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Internal Work Order 1 6-03050
601 Scarboro Rd.
Oak Ridge, TN 37830 Analysis Code TC099

Voice: 865.481.0683

www.eberlineservices.com Run Number 1
Date Dept User Notes
03M11/16 08:10 PREP JWOLFE ALIGUOTED AND DIGESTED SAMPLE WIiTH HNO2 AND MCL- CENTRIFUGED AND DILUTED
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Printed: 3/15/2016 3:41 AM Page 1 of 1
Oak Rldge Laboratory Internal Work Order 1 6-03050
EBERLINE 601 Scarboro Rd.
: SERVICES Oak Ridge, TN 37830 Analysis Goda
Work Order Analysis Notes m’ gssl::gl'oqﬂ " Tc099
.eberlineservices.co Run Number 1
# Date Dept User - Notes
1 03/11/16 08:10 PREP JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED
2 03/15M6 03:41 PREP MHIGHTOWER Aliquoted samples into c-tubes and added 1M HNO3. Leached in hot water bath. Samples were vented,
atlowed to coct, then to shake for fifteen minutes. Decanted into ciean beakers. -
Prepared spike and blank and aliquoted samples. HNC3 and H202 were added and samples were heated for| j
two hours. Set-up columns and conditioned with . 1M HNO3. After samples passed through columns, they |
were rinsed with 0.5M HF/.02M HNO3, 1M HNO3 and .1M HNO3. Added TC resin from columns, LS cocktail,
and . 1M MNO32 to labeled LS vials, and submitted to countroom
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Eberline Analytical

Printed: 3/15/2016 3:41 AM

Qak Ridge Laboratory Page 1 of 1
‘Eriternal Work Order
EBERLINE 16-03050
SERVICES Analysis Code Run
Reagents Used in an Analysis Tc099 1
Reagent: 1 " Reagent " ‘Reagent .~ 3 : _'Anajyst'_-- - Date
D _ "Name: Cencentration IR . Recorded
017258P Nitric Acid Reagent Grade JWOLFE 3/11/2016
017151P Hydrochleric Acid Reagent Grade JWOLFE 3/11/2016
016080P Hydrogen Peroxide 0.3 MHIGHTOWER | 3/15/2016
016516D04 Nitric Acid 0.1N MHIGHTOWER | 3/15/2016
016886D02 Nitric Acid iN MHIGHTOWER | 3/15/2016
016886P Nitric Acid Reagent Grade MHIGHTOWER | 3/15/2016
0167645 Nitric Acid/Hydroftuoric Acid 0.02M - 0.5M MHIGHTOWER | 3/15/2016
016329P Ultima Gold XR Reagent Grade MHIGHTOWER | 3/15/2016
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Printed: 3/11/2016 9:15 AM Page 1 of 1
Oak R'dge Laboratory Internal Work Qrder 1 6_03050
EBERLINE 601 Scarboro Rd.
T ' SERVICES Oak Ridge, TN 37830 Analysi
N ysis Code
Work Order Analysis Notes Voice: 865.481.0683 0001 4
Y www.eberlineservices.com Run Number 1
# Date Dept User Notes
1: 0311116 09:15 PREP KSALLINGS 1st Step
‘ Samples were aliuoted and placed into 600m| beakers. Carbonate was added and samples were then
k_"'] oxidized using potassium permanganate. Samples were left unattended for carbonate conversions.

2nd Step
Samples were placed inte 1liter reaction vessels. Carbon dioxide was evolved and Carbon-14 was captured in
Harvey. Samples were taken to the for counting by beta LSC.
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Eberline Analytical

Qak Ridge Laboratory

Printed: 3/11/2016 9:15 AM

Page 1 of 1

EBERLINE

SERVICES

Reagents Used |n an Analy5|s

Interna] W:or_"" D¢

i Analysis Code -

."":-'_Reagent;.;-'-Z-Z--Z::.:Z

016885P Harvey carbon14 cocktall Reagent Grade KSALLINGS 3/10/2016
016127D05 Nitric Acid 6N KSALLINGS 3/10/2016
0163435 Potassium Permanganate 0.5M KSALLINGS 3/10/2016
016940D01 Sodium Carbonate 0.25M KSALLINGS 3/10/2016
016679003 Sulfuric acid o9M KSALLINGS 3/10/2016
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NI-63 NOTES
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Printed: 3/11/2016 8:10 AM Page 10f 1

Oak Rldge Laboratory Intemal Work Qrder 1 6_03050
EBERLINE 601 Scarboro Rd.
SERVICES Oak Ridge, TN 37830 Analysi H
. ysis Code
Work Order Analysis Notes Voice: 865.481,0683 N|063
www.eherlineservices.com Fuun Nurnber 1
Date Dept User Notes )
03111116 08:10 PREF JWOLFE ALIQUOTED AND DIGESTED SAMPLE WITH HNO3 AND HCL- CENTRIFUGED AND DILUTED
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Printed: 3/14/2016 11:50 AM Page 10of 1

Oak Ridge Laboratory Intemal Work Order 1 6_03050
EBERLINE 601 Scarboro Rd. |
SERVICES Oak Ridge, TN 37830 Analysi H |
. ysis Code |
Work Order Analysis Notes Voice: 865.481.0683 Ni063
www.eberlineservices.com Run Number 1
# Date Dept © User  Notes .
11 03/11/16 08:10 PREF JWOLFE ALIQUOTED AND DIGESTED SAMPLE WiTH HNO3 AND HCL- CENTRIFUGED AND DILUTED
2| 03M4/16 11:50 CHEM KCOULSTON SAMPLES WERE ALIQUOTED. SPIKES AND CARRIER WERE ADDED. SAMPLES WERE DRIER. DI
H20 WAS ADDED. SAMPLES WERE PLACED ON STIRRING HOTPLATES. HCL WAS ADDED WHILE
STIRRING. CITRIC ACID WAS ADDED WHILE STIRRING. NH40OH WAS ADDED TILL PH OF 8 WAS
ACHIEVED. THREE ML OF DMG WERE ADDED. SAMPLES WERE FILTERED. PRECIPITATE WAS
DISSOLVED WITH 8M HNO3, SAMPLES WERE DRIED 3 TIMES TO REMOVE HNO3. SAMPLES WERE
TRANSFERRED TO VIALS WITH DI H2Q. SCINTILLATIION COCKTAIL WAS ADDED. SAMPLES WERE
SUBMITTED TO COUNT ROOM.

Hoidew Coultors 3104 /16
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Eberline Analytical

Printed: 3/14/2016 2:22 FM

Oak Ridge Laboratory Page 1 of 1
Internal Work Order
EBERLINE 16-03050
. SERVICES Analysis Code : Run
Reagents Used in an Analysis NiO63 1
Reagent Reagent Reagent Analyst Date
b Name Concentration D Recorded
017151P Hydrochloric Acid Reagent Grade JWOLFE 3/11/2016
017258P Nitric Acid Reagent Grade JWOLFE 3/11/2016
016370P Ammonium Hydroxide Reagent Grade KCOULSTON 3/14/2016
016468S Citric Acid 1M KCOULSTON 3/14/2016
0164695 Dimethylglyoxime 1% KCOULSTON 3/14/2016
0164673 Nicke! Chloride 10 mg/ml KCOULSTON 3/14/2016
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GAMMA NOTES
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SECTION VIl

ANALYTICAL DATA (ISOTOPIC URANIUM)
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,ﬁ’ff,quo
EApex-Alpha”
; Sample Descriptiomn: SPIKE
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Rooct\Data\00001455
Batch Identification: 1603050A-UU
Sample Identification: 0%
| Sample Geometry: Shelf 2
{ Procedure Description: U iso
Detector Name: Alpha 037
Chamber Serial Number: 040264787
Detector Serial Number: 91133
Env. Background: System Bkgd 146790
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 gram |
Sample Date/Time: 3/16/2016  8:34:09 AM 3
Acquisition Date/Time: 2/16/2016 9:17:03 AM j
Acquisition Live Time: 170.0 minutes |
Acguisition Real Time: 170.0 minutes |
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.610 mL
Effective Efficiency: 0.2149 +/- 0.0117
Counting Efficiency: 0.1645 +/- 0.0029 on 12/11/201% 8:20:53 AM
Chem. Recovery Factor: 1.3065 +/- 0.0748

Control Certificate Name: NatU U-8A
Chem. Recov. of Control: U-238 0.775036 +/- 0.059205
Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
U-232 T 5.274 411.15 9.68 d.85 0.00E+000 14.3
U-234 4.729 497 .66 8.79 0.34 0.00E+000 35.2
U-235 4.391 24.00 40 .83 0.00 0.00E+000 3.8
U-238 4,152 508.66 8.689 0.34 G.00E+000 34.5

Id Energy Activity MDA
Nuclide Conft. {keV) {pCi/gram ) (pCi/gram )}
U-232 0.9%4 5302.50% 5.08E+000 +/- 5.42E-001 7.40E-002 +/- 7.90E-003
U-234 0.992 4761 .50%* 6.15E+000 +/- 8.30E-001 5.91E-002 +/- 6.31E-003
U-235 1.9000 4385,50% 3.66E-00L +/- 1.54E-001 9.14E-002 +/- 9.76E-003
U-238 0.993 4184 .40% 6.26E+000 +/- B.62E-001 E.88E-002 +/- &£.28E-003
3|l



¢ 19dAL 109

T :9dAL I0¥

(A9y)Abusu3
0059 0009 00<S 0008 005¢
——7 — 7 —T e T ANERRL R 0
16
+01
il ]
| 451
102
+42
-0¢
+¢
oy
+5¥
+0s
46
9107 £0:/T:60 9T Jew pam: 1Jeis -bay H
(A1) 68594707 © dolg .
(AN)S SRPEST 1 1IELS
395 05"D0Z0T: WL [Py Hlow
395 000" 00707 AULL AL |

AND " 6655V L0000

s1Uno)

be.3 %

Al

Zet



Channel Data Report
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_Zhpex-Alpha”

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:

BL

ANK

\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001456

16
02

03050A-TUU

Shelf 2

U

Al
04
9l

iso

pha 038
026478B
134

System Bkgd 146791
<not performed:

1.000E+000 +/
3/16/2016 8
3/16/201¢ 9

- 0.000E+000 gram

:34:09 AM
:17:04 AM

170.0 minutes
17¢.0 minutes

U232 _UU-10A

51 AM

MDA

{pCi/gram )

+/- 5.82E-003
+/- 8.35E-003
+/- 8.23E-003

Tracer Quantity: 0.608 mL
Effective Efficiency: 0.2067 +/- 0.0115
Counting Efficiency: 0.1601 +/- 0.0028 on 12/11/2015 8:20:
Chem. Recovery Factor: 1.2914 +/- 0.0751
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area Ambient Reagent
Nuclide (MeV) Pk Area Error % Backgnd Backgnd
U-232 T 5.277 393.83 9.88 0.17 0.00E+000
U-234 4.705 21.15 43.61 0.8% 0.00E+000
U-235 4,359 6.66 78.18 0.34 0.00E+000
U-238 4.145 6.66 78.18 c.34 0.008+000

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

Nuclide Conf . {keV) (pCi/gram )
U-232 0.985 5302.50%* 5.06E+000 +/- 5.49E-001 5.36E-002
U-234 0.978 4761.50%* 2.72E-001 +/- 1.22E-001 7.69E-002
U-235 0.995 4385.50%* 1.06E-001 +/- 8.33E-002 7.58E-002
U-238 0.989%9 4184 .40% 8.52E-002 +/- 6.72E-002 6.11E-002

#Ch
3o

+/- 6.64E-003

@EL3E
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Apex

Sample Description:
Spectrum File:
Batch Identification:

;\W\Lb
Alpha”

J1VvV8D3 SAF: RC-155 DUP
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001456
1603050A-U0

Sample Identification: 03

Sample Geometry: Shelf 2 3
Procedure Description: U iso %
Detector Name: Alpha_ 039 %
Chamber Serial Number: 06027396A

Detector Serial Number: 83109

Env, Background:
Reagent Blank:

Sample Size:

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

Tracer Certificate:

System Bkgd 146792
<not performed:

1.066E-001 +/- C.000E+000 gram
3/7/2016 8:34:09 AM
3/16/201¢ 9:17:06 AM

170.0 minutes

170.90 minutes

U232 _UU-10A

Tracey Quantity: 0.607 mL
Effective Efficiency: 0.2347 +/- 0.0124
Counting Efficiency: 0.1862 +/- 0.0032 on 12/11/2015 8:20:49 AM
Chem. Recovery Factor: 1.2606 +/- 0.0701
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPCRT -————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.281 446 .45 9.31 2.55 0.00E+000 54.4
U-234 4.773 356.45 10.42 2.55 0.00E+000 22.5
U-235 4.423 7.62 82.97 2.38 0.00E+000G 3.0
U-238 4.154 82.96 21.83 2.04 0.00E+000 5.2

| T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ---=-
Id Energy Activity MDA
Nuclide Conf (keV} (pCi/gram ) pCi/gram )
U-232 0.997 5302 .50%* 4.74E4001 +/- 4.20E+000 8.91E-001 +/- 9.21E-002
U-234 0.999 4761 .50%* 3.78E+001 +/- 5.56E+000 8.90E-001 +/- 9.21E-002
U-235 0.9%0 4385.50%* 9.98E-001 +/- 8.34E-001 1.07E+000 +/- 1.11E-001
U-238 0.994 4184 .40% 8.77E+000 +/- 2.12E+000 8.23E-001 +/- 8,51E-002
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__Zhpex-Alpha”

Sample Description: J1v8D3 SAF: RC-155

Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001456
Batch Tdentification: 1603050A-0U0

Sample Identification: 04

Sample Geometry: Shelf 2

Proceduxe Description: U iso

Detector Name: Alpha 040

Chamber Serial Number: 060273968

Detector Serial Number: 91135

Env. Background: System Bkgd 146793

Reagent Blank: <not performed-

Sample Size: 1.0668-001 +/- ©.000E+000 gram
Sample Date/Time: 3/7/201e 8:34:09 AM
Acquisition Date/Time: 3/16/20186 9:17:08 AM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-10A

.604 mL

L2085 +/- 0.0115

.1847 +/- 0.0032 on 12/11/2015 8:20:48 AM
.1286 +/- 0.0655

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

HOoO OO

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(kev)
U-232 T 5.234 394,83 9.87 0.17 0.00E+000 4.2
U-234 4.734 339.49 10.65 0.5%1 0.00E+00Q0 49.0
U-235 4.414 10.00 65.01 0.00 0.00E+000 3.0
U-238 4.129 87.00 21.13 0.00 0.00E+000 11.0

Id Energy Activity MDA
Nuclide Cont. (keV) {pCi/gram ) (pCi/gram )
U-232 0.967 5302.50% 4.72E+001 +/- S5.12E+0Q0 4.99E-001 +/- 5.41E-002
U-234 0.994 4761.50% 4.06E+001 +/- 6.17E+000 6.27E-001 +/- 6.80E-002
U-235% 0.994 4385.50%* 1.47E+000 +/- 9.71E-001% 8.84E-001 +/- 9.52E-002
U-238 0.978 4184 .40% 1.03E+001 +/- 2.46E+000 7.13E-001 +/- 7.74E-002

3/)efle

&
N
émﬁ
i




¢ adAL IO

(A9Y)ABJBu3
0005

T 9dAL I0Y

000¥

cix zﬁ:<ﬁ T

9107 80:£T360 9T JuH pam: JJe3s *hov
(AY)T"OS9:420T ¢ doas

(NY)E LbET RIS

285 00 °0070T: ULl |23y

335 000°0070T: il SALT

;:f_ P

ge2-n

!

-0¢

8¢

-0Y

-5y

0§

B

-09

AND " Z209S¥%T0000

s3una)

Lot

&



1

(] _OO0001000000000OOOOOnu0200022110100000000000000
o, I
1+ 1
[a N I
I
1
® K X !
* ¥ ¥ —
L I __I_O00000000000000000000100213500002000000100001
x kK K 1
* K ¥ I
* ¥ t
* ® P
* * 1
* ok 1
x* * —
= * [ * _0000010000000000001010003112500000000100000001
[s 1 * * 1
x O * 1
= * * |
— * [y I
' E 3 - 1
< ¥* [ x |
™ * * —_
v *x Mo _1000000000000001000001012112220001011001010001
o™ * * 3
— * * i
* * 1
* fo® 1
W ¥ * I
— x b4 ox |
=) * * —
[ *A* _0000000000000000000200003121500000000000000000
S * *® O o i
G} ¥ O * Qo 1
— * * NN |
~ ¥ * [aN e 1
™ * * e I
x = k 1
* * —
¥* K% .1000000000000000000000000224410001000000110011
* * |
X [ x [
x * Ll e e 1
¥ H *® o Q Q 1
* *® E B I
* U % -~ - I
* * 2 B —_
+ [ * ﬂ._.w O _0000000000000000000001000004_520000000000000000
* * 1
E N a TR 5 — = (] |
2 * * AN -~ QO 1
“ * U2 & -~ - M I
0 * * Bt 1
o * x Liolie] 1
@ * * a o v —
] HHH _m. WW "010011OOO000OOOO0000_I_0000103210000100100010001
1
(0] X ¥ ¥ =] @ © 1
et k K K @ i B | 1
1 EE w joa | 1
[m] 1
— —
© @ re v e . . . . . o ’ . v . o er ea ke N .- e o s .
o AR MMOaNOMHOA MMM HOAFNDMAARNON AN M AN M DU M
o g HNMHLIONOEDNOANNMIA NNV NN PNV ELONO NN M FL O
..H.nq .qna Ad A td e A A AT A A TN NN NNNNNNNNNNMNNM N MM
@] (@]



2

Page

12:234:10 BPM
e Ll

3/16/2016
Sample Title: 04

Channel Data Report -
369:
Channel|——————[-—-————|-——————|---————!——————~|-—----

s

s

_l_0368_...162OnUnUOOOOOOO.I_001_I_793333200000000000000000000000 %
ot 5
O0335307110000100021124289_I__I_510000000000000001000000O
~ r

nU1292999200000001100012.I_35982000OOOOOOOOOOOOOOOOOOOO0
—
03117014300000100001012530_......48200000000000000000000000
— — o~
12319179310001000000222355_”....334_OOOOOOOOOOOOOOOOOOOOOOO
i i
00_I_27797510000010000100304356300000000OOOOOOOOOOOOOOO

—

1131S_H;Jm4110000001000011288024000000000000000000000000
-

—
753.I_97531975319n....53.I_9753197531.._975319753197531975319753
7890012344_567889012234566789001234456788901n4234566789
33344_4d._4_44_.4_44_4_445555555555556666666666666777777777777




3

3/16/2016 12:34:10 PM Page

04

Sample Title:

Channel Data Report -
801:

o
el

I OO0 00000000O0O0O0CO0OOOO0OO0O00O00 L

E ]
: &
1 v
1
1
1
]

el=RoReR=ReRoRk=loRelolvRalsNoNoNoNeleloNeioRo oo

elsR=ReoRoi=R+ReRslaoRoNoloNeNoRsNaloRolele oo oo oo

OO0 0O0OODO0O0OOO0CODOOOOOOOOCO0OOO0OO0

0
0

OO0 OOOOCOOOO000

0
0

OQ0OHOOOOOCOOQOOoOOoOOOCOOOOODOOoOOOO0O

0
0

[eReoRoReNoNoloNeloNaoNoloNoNeNelelNelele ool oo

OO0 COO0O00O0OO0O0O000OO0OOCOO0OOOO0COOO0

ar~mMaodo~nNDMHAOM A MmM AN
OHMNMIAPFI NV ANNMIFINOO-ONO O
WVOWNDOBLLOVOVWODOLINARTNTOTONNANONO OO

I ]

!
1
I
I
I
I
1
|
1
I
;
1
1
I
I
1
t
]
1
1
1
1
1
1
1
I
I
|
!
|
|
1
1
I
|
'
t
1
i
I
—
QU e o»
o
g
]
e
@)




Page 1 of 2

oY

¢
g
BN
e
A — N
I = e

pex-Alpha”

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :3/16/2016
Time : 6:56:24 AM

3M6/2016 6:56:24 AM

CHAMEER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha_003 21 ALL Passed 3/16/2016 6:41:48 AM
Alpha 004 21f ALL Passed 3/16/2016 6:41:49 AM
Alpha 005 211 ALL Not Done

Alpha 006 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Done

Alpha 009 211 ALL Not Done

Alpha 010 21f ALL Passed 3/16/2016 6:41:49 AM
Alpha 011 21f ALL Passed 3/16/2016 6:41:50 AM
Alpha 012 21f ALL Passed 3/16/2016 6:41:5] AM
Alpha 013 21f ALL Not Done

Alpha 014 217 ALL Passed 3/16/2016 6:41:52 AM
Alpha 015 21f ALL Passed 3/16/2016 6:41:53 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:54 AM
Alpha 034 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:56 AM
Alpha 035 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:57 AM
Alpha 036 - Alpha Analyst100DC ALL Passed 3/16/2016 6:41:50 AM
Alpha 037 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:00 AM
Alpha 038 Alpha Analyst100DC ALL Pasgsed 3/16/2016 6:42:02 AM
Alpha 038 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:03 AM
Alpha 040 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:05 AM
Alpha 041 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:07 AM
Alpha_042 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:08 AM
Alpha 043 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:10 AM
Alpha 044 Alpha Analysti00DC ALL Passed 3/16/2016 6:42:12 AM
Alpha 045 Alpha Analysti00DC ALL Passed 3/16/2016 6:42:14 AM
Alpha 046 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:15 AM
Alpha 047 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:17 AM
Alpha 048 Alpha Analysti00DC ALL Passed 3/16/2016 6:42:19 AM
Alpha 049 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:21 AM
Alpha 050 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:23 AM
Alpha 051 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:25 AM
Alpha 052 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:27 AM
Alpha 053 Alpha Analyst100DC Peak FWHM Action 3/14/2016 4:57:07 AM
Alpha 054 Alpha Analyst!00DC ALL Passed 3/16/2016 6:42:29 AM
Alpha 055 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:31 AM
Alpha 056 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:33 AM
Alpha 057 Alpha Analyst}H00DC ALL Passed 3/16/2016 6:42:36 AM
Alpha 058 Alpha AnalystI00DC ALL Passed 3/16/2016 6:42:39 AM
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Page 2 of 2 Review of QA Results - Puiser Check
3/16/2016 6:56:24 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 0359 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:42 AM
Alpha 060 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:45 AM
APPROVED BY: AG

APPROVAL DATE: _3 [H’[ 1%
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Library Listing Report 6/12/12 12:17:04 PM Page 1

'k************'k*'k**********‘k**********************************************

FhAhk LIBRARY LISTING REPORT Fhkhk |
R At AL R L AR L A AR L LA ekl |

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 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 80.9000 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 PLUTONIUM)

[

04




‘sjendoldde se payyenb aq pinoys synsey efUel SAIND LORRIQEED SU) POPIFIXS SSBU [BAIIY ..
‘A|UG B1ag SSOID JO) PESN §I Z4YS “SAPHONUOIPE] JaLJ0 ||e pue eydpy SSOID JO) pasn §1 L4VS .

-anjen 4yS pajeusa saledpul v

(jw/Bw) ouog i8lED

Jalen
L8 {Bwudp) 1oy Jode4) i
02-nd #10G oLjdWOIPEY
Zbend Jadsed] oudwoIpEy
Adoosonoadg eydiy adA] Juawnnsu]
1 PaYIPO 20-Nd TINI poulem
oS XH31e ]
B sjun jonbiyy
) 10d syun AIARoY
.......... 4 |aaa poday |
o LOVSEZMO0S pelosa ;
00+30000°1 00:00 21L/0L/€0 MNY1d SS300¥d ] OH.L 90 piojueH aunso|D uojbuysep | uaid
£0-3082€°S Ov:EL OLILO/E0 02S6 §51-0d 4VS €ABALSP | oa %0 9 _.ou\w Lie aujpeaq qe
£0-3082¢°S oF€ ro L1L0/E0 0256 GGL-0Yd dvS €ABALT n.D\m_ €0 9 —.Q:N:.B Lic paAladay ajeq
00+30000°} oo”oo .@..mo..:_mo ,w_z<._m_ ._ms_ iwo uny -
00+30000°} ooooeuouE0 | | SO I 821 10 OoSsind apoo sishjeuy
HMWMM &.wwmm _ﬂm_%- EM“.G mwwhmm _ ﬂwﬁwﬂw DS UL U4 18PIO HIOM
L uny ]
n 1e0yg sishjeuy
n__._”,._n.,.“F Mw M.uom.a:m :pajuld omﬂMr.M I aswnhmuwmﬁwhﬁw

BELsg



‘anjeA JYS PRIBLIGSD SIIROIPU}

-ajeudosdde se pagenb aq pinoys synsey abiuel eano uoleIqied ey} pRPIBOXS SSEW BNV

AU Blag SS0JO) 10} PASN SI Z4yS "saplanuolpel Jaylo Jje pue eydjy SS0I0) 10) pasn S L4VS .

000 8L 80060 oYl 20

000 8/ | L1060 oda Y0

R 000 8L 12060 dna €0

I 000 6L ) 810670 Tan [AS

‘ 000 6L 1S08°0 s L0
+Z ot 294 % 295 % (6} 1N (B) jeud (6).auet (1) pappy 20 % (19d) Jasess (wdp} 19V (6) sonbiy asag I
J4Vs 4vs ueap AelD) A3} ARID) d93id ABID) J3}14 ABID) J3peD ABID | Mnouwiopey | SLIDWOIpEY je10 J20BL] daoel] aidwes | Jewoyuy

L uny
¢ jo z abed osind assoﬁw.__hw%__u_mh_ﬂm
WY L1:5 9102/9L/E PaIUMd 060¢0-91 Sa01AI9S 2UJ118GT

o

e ir RN



-gjeudoidde se pauyenb ag pinoys synsey ‘abues aAIND UCHEIGHED SU PEPBB0XD SSBU [BNOY .\

‘anjea 4yS pajewlnse selealpul ¢

-A|UO BjBg SS0JO) 0} PASN & Z{YS "SSPHINUDIPEL JAYIO0 [ pue eud]y SS015 0} pasn §| LIYS .

£0°G0 9L/1LIE0

J4TOMP oyl 90
I I4TOME | €050 9L/ 1/ED oca | ¥0
[ o 3470MI | €050 OL/LL/E0 N > dna €0
- J40Mr | €0:50 9L/LLIED - 19 20
.. 340MP | €0:G0 91/LLIED ) 07 | 1o

Ag auigoea Ag e Ag aeq Ag apeq asaqg O8I

1t dag 13 deg 01 dag 03 dog daid dasg doid ybnoy daid ybnoy siduies  jewsesuj

} uny y
Je0us s|shjeuy
w”.o M _‘wmm Hoﬁm:m :paguLid omﬂmﬂ.ﬂ L esmm%"m”uammhhﬂhﬁw

e
=
L

EBLs



piojueH a2inso|9 uojbuiysep

J3PIQ HIOM [ESAIBUY SuiIeg3 .

WD

.
=

T

h-Y
3
8
. - 3
[T
MO Lo-374°Y  |20-392°§  |Z0-366°¢ Bnod SNY1E §8300ud odL 88Z-Nd 90 |9
b - . - . - . _ o
(1]
ANI LO+32Z'S | L0+3T29  [20+310°L Bnod §§1-0d 14VS EABALT oa gez-nd 0
ANI N m L0+38EY | LOF3FL'SE  [20+3BLL Biiod §51-0Y :4VS EABALT dna 88Z-Nd ¢0 -
,. . R - e S U S . M
MO MO L3067 Z0-ILYE [£0-SAT'S Bnod MNY8 gLl 8ez-Nd c0
ple MO 20’98 100+315v [10-3£8°F  |00+3S0°L  |00+388E Bitod $01 §01 | gez-Nd 10 %)
Beps el Be|q Beys % umouy ; SHUY uanesyiuap| asaq [ILYI B 1T ] @
ueg van Qady s01 SO 521 wau We«mc._smw hotmw sunssy Auanoy a0 sldwes | PNy : el .uu..
n
¢ Jo | sbed _\ ow_—aﬁm OMOMQ @ _\ .._Q_O._O v_._og Aoieloge] abpiy %eo

WY L6 9102/L1/E ‘PelUld

suolje|no|en [esnAleuy @ poday eleg Aeuiunjald

leanhleuy auIusq3




e

i)
. > -
7]
=
. = N
«©
—
o]
=
I o o
o s
S ~~
c
-
1K)
J1 X
o
3
—y
]
=
a
G
3
2
- o
b
3
- 3
3
g
- -
g
L =
. - -— m
=3
2
- - d b
2
c |3
Y —— i e JRRUUR, - — —
_ W <
00°0 000 ‘£6°'68 00+300°1 £0:00 8L/0LIS0 oul 8£Z-Nd a0 o X
\‘ [ . - . - . R -3
. [1+]
:00°0 100°0 85°5¢ £0-2€E'S OFIEL SLILO/E0 oa 8£Z-Nd 0
000 00°0 £8°L E0-30L'S OP:EL GLILOIED dna gez-Nd ¢
: o ®
- S - - A SRS B . S - -_— g
0uo 000 Lgie 00+300°L 00:00 21/0LIE0 gz 82Z-Nd Z0 _
10070 00°0 ze'ov [00+300°L 00:00 3L/0LICO o1 82Z-Nd W 10O
awlyjeled ol /eleq ” a9y % 394 % vey % jonbiy _ ayeq asag uonaely
i dag 0 dog ! 4vs W ueap AgsDy apyewoIpey ﬂ ajdweg H adueg aidueg , aplany -
¢ Jo z afey _.. Om_ma& OmOMO..@_‘ LGU.\_O v-._0>> Aojeioge] abpiy xeQ
WY £%6 9102/LL/E PalUlld suone|nojed jeanAleuy R poday eleqg Ateululield leonfjeuy aulieg3




=i

pJojuel ainso]) uojbuiysep

F R

#BI[D

|

18I0 WA teondeuy sullieq3

- m 1 I
: 3
: o
w
6l Z0-3 00°L| 00+3 0471-|0LL Lo eydiy; 29dsg v 9L:ZLk 9LI9LIL0 ouL 8£Z-Nd 90 o
- [ . . J—— . - R - S SV R o
: L)
§'8L £0-3 00'8] 10+3 9E°LIOLL ov( eudiy| o29dgTy | 9zl 9L/9LIED [als 8e2-Nd 0
'8l Z0-30Z°'L| LO+3 0L'Zi0LL 6£0 eydjy: DedgTY 9L TL 9LI9LIED dna 8ez-Nd 0
— - - - - R - S N —
9l IS0 004 LO-F 061104 geo Bydly | dedsTy 91:ZL 9LIGLIEO T8l 82£Z-Nd ¢0 f
591 €0-3 00°¢| ZO+Z EL'L0LL ‘g0 eydly,  oedgTV I 9Lzl 9L/9LIE0 §07 95z Nd ) nmw:
. Wd2 awil | (skep) awaLl 53BQ ssag | uogoesd @
Jjen‘goiy Ha Bya , SIUN0D ! unes ﬂ 1aeD 19333 SHIEH H BuuNon adweg W aplany Qe »M..w.-

¢ Jo ¢ ofied 1-0SINnd-090£0-91 49pI0 M40AA fiojeloqe] abpiy %20

WY 2416 9L0Z/LLIE ANl suope|noje |eanhjeuy g poday ejeq Aeurwaid [eonAjeuy sulegs




Z0-368°¢

Bpod

6€2-Nd

MO 10-32VE Nm.w.mm.m MNY18 §53004d ouL 30 ;
ANL _E+mvm.m a?ﬂSa 8+u5.w Bnod mm,r..um adm wom>=. - oa 6£Z-Nd 0 |
‘ >~.,_.._‘ ._‘o+mm.m‘.m ”ﬂrmmu._‘ sn?mnh.m mwoa m..mr-om ..u_<m.._ EQBALL dna mnw-:_n_ €0 , w
MO MO S-mS.N. wommwr Nom:mw\ﬁ Brod ‘. : xz,,_ﬁm 78 mmw‘..‘i z0 ; 5
. RS NPV FSIOUI N DU S—— SO A B -
MO T?wﬂ.h ‘Lo-399'L  0o+3ve’h |oo+mEes | Bnod $01 91 | 6£z-Nd 10
¢ Jo | afed L-OSIindg-050£0-91 HA9PA0 HIOAA fioyesoqe] sbBply %BO

WY A¥:6 9L0Z/LLIE -Pajulld

suone|najes |eonfjeuy g Moday ejeq Ateus|aig

[eanfjeuy aulliag3

By :m&ﬁ

piojueH ainso|D uolbulysep
P e

|
!
i

| Japio WioM feonAfeuy alnpagd

apoo sisAlguy




&

==

- BEsREY

pdojuel @.nsoj) uo)buiysep
Rl

i

| 4apIQ YoM [eopAjeuy aullisqz }

o —_ d by
3
<
600 00'0 £5°'65 100+300°L 00:00 SL/0LIED oyl 652-Nd 90 wn o
‘ | e : e —{ | O &
000 00°0 65°5E £0-3€E°S 0F:E1 9HL0/E0 0a 6£2-Nd 0
000 00'0 8Ly ‘£0-3€E°5 O¥:EL 9LILO/ED dna 6g8Z-Nd . €0 -
- e — R - L T Ll e . I o [P FO — m
00'0 000 g5: 72> 00+300°F | 0000 9L/0L/E0 Iaw 6E2-Nd AV
00'0 000 Zeor 100+300°L | 00200 93/0L/E0 so1 6€z-Nd LG
: |
sl j=1eq sunj @eq %Y % 28 % : 23 % jonbiy W aleq 2s2Q uoljoeld
L1 dag m dog 4vs ueap ARIEY i oawolpey a|dweg ajdwes adwes apUInN qen
T J0 g 92Bed _\ Om_ﬁn._ OmOMQ @ m‘ .._mw—u._o xuog AoreroqeT aBply e

WY L¥-6 9L0Z/LLIE ‘pallld

suoije|no|es jedihleuy g poday ejeqg Aeujwiald

[eonAleuy aulpaq3




¢ jo ¢ abed

» A

piojueH ainso|) uojbulysepp

00+3 99°L

LPGeyd)y

6€¢-Nd

RiD

—t

| 43P0 HIOM {eanAteuy aujpaqs

|
|
i

£

81 £0-3 00°C 0Ll sedgTy Sﬁ. .m.:m:mo oYl 90

581 ‘ £0-4 0602, z0+3 R.h,o.h,‘r “ogum;m_«. 2adg™Y E”N“‘Z:B__S ca m‘mw‘:n_ 0 B

‘ 9'8L mo..m mo.m £0+3 oN._,,mot mmo:.mﬁ_d,_ asdg™v | o ‘ “‘wrnm.hmm_m:mo ‘.‘"50 ..m...,.._m-:m mo -
e woaov oomesulor  lseoewdw| ssdsty || sziousweo | vaw  ssend | 20
T se comaoz weaubzon  moewdy 90ds™v oz oveuco | so1 | snd | L0
J03'g oy HE| _m_m__m sjunag ﬁwﬂhw 1B1LeD PaPg M_Hw_” M:F._.m._ﬂwm% o_uw_wmm m apjany :owmumt

0 3
c s
v | a
O i
- 2
3

2
=)

.Mw.

WV L¥°6 9102/LLIC ‘Psiuild

L-OSINd-0S0€0-91 :18PI0 HOM

suojjeinojen [eonileuy @ poday eleq Aeulwjald

Aoreloget a8pid 3eD

[eonAleuy auipsgy



000 0ie8°L 80060 000071 00-00 21L/0L/€0 ANY1E 88300ud Dl 20
000 8bir8 L L1060 €500°0 O¥:€1 9L/L0O/ED GG1-0Y 4VS EABALT oa 0
000 e8re’L 12060 €500°0 Ov€l 9L/L0/€0 §GL-0d -dVS €ABALT dngd €0
000 6.68°L 84060 oooo’L 00:00 9L/0L/€0 JINYIg 18N <0
000 vrig8L G060 00004 00-00 9L/0L/£0 801 sO1 2t
Z 1 0eHy {i5d) se0eiL {wdp)} LY (6) yonbiy porbiiy sreq a aseq voRoRH
Jvs 4¥s | opeuiopey sUpoipey Jaself Az afdues aydwes F115 ] ] ajdwes jedsary
0.1 obeq 0Z-nd :Q|4eoel] 10JUeH 9INsO|D) UOIBUIYSEAR [JUBID

NV 215 2L0T/BL/E ‘PIUNL

ul {Bpod) L-0SINd-050£0-91

uoday wooy juno)

/’,7



66/80 0'C UOISIaf

0

aldg xuen

009Z'1 80060 . [9LOZ/LLE (008 0z-d Zvend 920
00SZL | LLO60 - |9LOZ/LLE |00L'® 0z-Nd Zvend 0
009z 120670 |oLoziLye |00L'8 0z-nd Zvznd €0
0092°) 8L06°0  |9L0Z/LLE |00L8 gz-nd vend 20
0092’ JLG0B0 | 9L0ZILLE |00L8 oz-nd Zrend Lo
uopPY (B) pesn aeg Baudp
so01 LI xosddy auinfon uoRmoS ATy #1098 | adojosy uopoal
sade] sojulld aduejeq 1 _ C o SleDelL’ o e
L' L O7IG]} (LN ATAA BZ-O| CIAl G-2 |
0000 00 0000 000 000°0 000 SEZ'0 621 8E0LD 080°0 gL0Z/LHE  |0ZLGS) Zz-nd 6£Z-nd
0000 000 0000 000 0000 000 LED0 L5 ERE e Fadh] 0560 gLOZ/LIE  |0G60L Lg-hd g8ee-nd
apewnsy fod aretins3 1od arewsy 1od apewipsy 15d (6} pasn {6} pasn (6) pasit {6} pasn donippy ajeq Byurdp 4108 adozos;
do43 i popbYy FLY - peppy Jolg UMoUy SWNIGA aumfon siunjop SUINRIOA xosddy uonnjos Anyngoy
asil SN | 897 asw  |.asat | . SN S0 Lo seldg XLGeW B §0°F -
I4TOMI LS 9L0Z/LLIE osind 050£0-9)
S|eniu] SSaUllA sjeryu] uBlsulga8 ] UBIdIUYI8]L 31eqg apon sisAjleuy uny 19PI0 YO |BUIRIU|

WY £0:6 9L0Z/LLIE -Paluld Aiojeioqe 2aBpIy 3eQ
L jo | 9beq J33YSHIOAA 100R1 | pue Qv__Qm S391A19G SUIHEYT




&\I .,|:|_.Iﬂ ..o% < UBIDIILYOS |

SHIBUILOD)
BJMQ% ‘leo+30000°1 i oMl WNVI8 $5300Xd 90
£0-308 {03000z’ | zo-avYy oa 551-0u VS £ABALT 0
€05 =L0-30002') | Zo-Avyy. dnag SG1-0Y 14VS EABALT £0
00+30000°, - |00+30000 L [, o I8 YN8 Z0
00300007k |00+30000 | , E $01 501 10
biry (i} tonbiry “TmnbaeN. jonbiry “lojoed ia - adAL al s
1810 £H PappY JoEM IR S uchoeLy
Ajuo spi1og ¢-H ejeq Jonbiy S e1eQ jonbijy ejeq uonnjg siduies |projue ainsoro uoybuysepm | 7!
3410Mr 9L0Z/94/E sweib osind 050€0-91
UBISRILIS L suypeaq ge syun 1y apos sishjeuy _ uny 13740 WIOM
L jo | abed - fiojeioge eBpIy YEO
WY 926 3L0C/EL/E ‘Palulid “_.00-._@&&0; _.—.O—._—U__<

[eonAlguy SUNISq



aw.p\ [ _ 1 ._nnu @1ed \{ﬁ(J tAg p=an|ia
Z€s¢eesees’'ece J03oe4 uonnjia uoney
: ! suonnjia
v¥0°0 oney uonnjia
03 3 PAINIIP PUB
|u UCRN|IP U3y 343 WOl i oo g
03 1t pAANYIP pue
|w UOAN|IP PIE BY3 WO I A0 1 1%
01 31 p3INIIP pUB
| UOAN|IP PUZ 3U3 L0 L A003 1 3
01 3| P3IN|Ip pue
(e LONIIP IST S Lo I A0 1 4
: 03 31 PSP pue )
vrv0°0 | 00t adwies feuiBlo DU} WO | vy 10031 ._”
oL usyel Jagquuny
Ry il painjig sHan unowly uopn|Iq
J4TOML 1sAjeuy
T TBGUINN uny Jo0USHIOM UonN|Ia
0sind 2po sIsAjeuy
V mo A uonoe.d SaADIAYITS VA
ANITTd3E 3
OmOMOIQ.ﬂ 12pi0 HAOM |2UIDIUT R

T j0 T abed
WV 9€:6 9T0Z/TT/E :paluLd

Adojeioget abpry 3eo

jesnjAleuy sullieql

EELES



— 7 N\r_qﬂhﬂﬂz :e3eQ \cﬂ) 3 :Aq paania
CSCCSTTS'TC {0304 UONN|IG uaNel
. T suonnia
Prv0°0 oney uonnjqg
01 3t pANIP pue
| woRNIP U3k SYI WOl e Ao )
03 31 P33P pUR
W uoRNIP PIE BY WOy W Aot 14
03 M paINKP pue
I LORNYIP PUZ BUT WO |w Aol €
03 1 pewp pue
| uonNpp 35T BU} Wil |t A0 1 c
. 0} Jl paan|Ip pue .
rr¥0°0 |w oot sidwes [eutbiIo a3 Wwoll L L4 101 H
ol uoNEL J2QUINN
oiey suun NG s3un Junowy -
I4TOML 1sAjeuy
T 1RqunN uny 199YSHI0M UonNjIa
0SIind 2poD sisA|euy
V .vo A uonpoeld saADIARIG ‘N
INIaIa S
OmOMOIOH 19PJO HIOM |eusajul R

T Jo T abed
WY 9£:6 9T0Z/TT/E :pajuld

Aiojeloqen abprd 3eo
[eanAjeuy sullagl

EBRLEE



7w
Zhpex-Alpha” >
j Sample Description: SPIKE
| Spectrum File: \\OR-ALPHA1\Canberra\ipexAlpha\Root\Data\00001456
| Batch Identification: 1603050A-PU
i Sample Identification: 01
| Sample Geometry: Shelf 2
Procedure Description: Pu iso
| Detector Name: Alpha 037
* Chamber Serial Number: 04026478A
Detector Serxial Number: 91133
Env. Background: System Bkgd 146790
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 3/16/2016 10:18:13 AM
Acquisition Date/Time: 3/16/2016 12:16:48 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Puz42 PU-20
Tracer Quantity: 0.905 mL
Effective Efficiency: 0.0762 +/- 0.0076
Counting Efficiency: 0.1645 +/- 0.0029 on 12/11/2015 8:20:53 AM
Chem. Recovery Factor: 0.4632 +/- 0.0469

Control Certificate Name: Pu238_PU-01
Chem. Recov. of Control: PU-238 0.082457 +/- 0.011624
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuglide (MeV) Pk Area Error % Backgnd Backgnd (keV)
PU-236 5.738 -0.51 400.63 0.51 0.00E+00Q0 0.0
PU-238 5.468 111.489 18.61 0.51 0.00E+000 18.9
PU-239 5.124 210.66 13.52 0.34 0.00E+000 11.2
PU-242 T 4.863 102,60 19.50 0.00 0.00E+00C 4.4
PU-244 4.572 3.49 113.53 0.51 0.0CE+000 3.0
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDZ
Nuclide Conf. (keV) (pCi/gram ) {(pCi/gram )}
PU-236 0.999% 5755.00* -1.77E-002 +/- 7.11E-002 1,82E-001 +/- 3.57E-002
PiJ-238 0.998 5487 .10% 3.88E+000 +/- 1.05E+000 1.83E-001 +/- 3.57E-002
J PU-2239 0.897 5147 .70% 7.33E+000 +/- 1.74E+000 1.66E-001 +/- 3.25E-002
. PU-242 0.996 4890.70%* 3.53E+000 +/- 6.81E-001 2.08E-001 +/- 4.06E-002
PU-244 1.000 4580.60%* 1.21E-001 +/- 1.40E-001 1.83E-001 +/- 3.57E-002

g?n/l G
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0000145612 .CNF

Live Time ;10200.000 sec
Real Time :10200.300 sec
start:  1:3495.5(kav)
stop : 1024:6583.7{kev)

Ac. Start :wed Mar 16 12:16:48 2016
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_Zhpex-Alpha” o

Sample Description: BLANK

Spectrum File: Y \OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001456
Batch Identification: 1603050A-PU’

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Description: Pu iso

Detector Name: Alpha 038

Chamber Serial Number: 04026478B

Detector Serial MNumber: 91134 .

Env. Background: System Bkgd 146721

Reagent Blank: <not performeds

Sample Size: 1.000E+000 +/- ©.000E+000 gram
Sample Date/Time: 3/16/2016 10:18:13 EM
Bcguisition Date/Time: 3/16/2016 12:16:50 PM
Acquisition Live Time: 170.0 minutes

Acgquisition Real Time: 170.0 minutes

Tracer Certificate: puz42 PU-20

Tracer Quantity: 0.908 ml

L0602 +/- 0.0067
L1601 +/- 0.0028 on 12/11/2015 8:20:51 AM
L3761 +/- 0.0425

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

o O o

Peak Match Teolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
PU-236 5.666 0.49 416.98 0.51 0.00E+0Q0 3.0
PU-238 5.433 -0.19 1131.1 i.1¢8 0.00E+000Q 3.0
PU-239 5.113 1.66 169.38 0.24 0.00E+000 3.0
PU-242 T 4.880 80.83 21.83 c.17 0.00E+000 11.2
PU-244 4,522 -0.34 592.90 0.34 0.00E+000 0.0

Id Enerqgy Activity MDA
Nuclide Conf. {keV) {(pCi/gram ) {(pCi/gram )
PU-236 0.959 5755.00% 2.16E-002 +/- 9.0l1E-002 2.31E-001 +/- 5.05E-002
PU-238 0.985 5487 ,10% -8.37E-003 +/- 9.47E-002 2.90E-001 +/- 6.385E-002
PU-239 0,994 5147.70%* 7.31E-002 +/- 1.25E-001 2.11E-001 +/- 4.61E-002
PU-242 0.999 4890.70* 3.54E+000 +/- 7.75E-001 1.83E-001 +/- 4.00E-002
PU-244 0.982 4580.60% -1.50E-002 +/- 8.89E-002 2.11E-001 +/- 4.61E-002
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—==Apex-Alpha
Sample Description: J1V8D3 SAF: RC-1%5 DUP
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001456
Batch Identification: 1603050&-PU
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Description: Pu iso
Detector Name: Alpha 039
Chamber Serial Number: 060273964
Detector Serial Number: 83109
Env. Background: System Bkgd 146792
Reagent Blank: <not performed:
Sample Size: 5.300E-003 +/- 0.000E+000 gram
Sample Date/Time: 3/7/2016 10:18:13 AM
Acquisition Date/Time: 3/16/201l6e 12:16:53 PM
Acquisgition Live Time: 170.0 mirmutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Pu242 PU-20
Tracer Quantity: 0.902 mL
Effective Efficiency: 0.0890 +/~ 0.0083
Counting Efficiency: 0.1862 +/- 0.0032 on 12/11/2015 8:20:49 RAM
Chem. Recovery Factor: 0.4783 +/- 0.0453
Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM

Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)

PU-236 5.748 1.64 214.83 1.36 0.00E+00Q00 6.0

: PU-238 ' 5.4890 20.96 45.18 2.04 0.00E+000C 4.5
! PU-23% 5.139 1196.64 5.67 1.36 ¢.00E+000 35.6
PU-242 T 4.881 118.79 18.18 2.21 0.00E+000 6.8

PU-244 4.524 0.28 1302.5 2.72 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Conf. (keV} (pCi/gram } (pCi/gram )
PU-236 1.000 5755.00% 9.26E+000 +/~ 2.00E+001 3.87E+001 +/- 7.06E+000
PU-238 1.000 5487.10%* 1.18E+002 +/- 5.74E+001 4.38E+001 +/- 7.98E+000
PU-239% 1.000 5147.70%* 6.73E+003 +/- 1.28E+003 3.85E+001 +/- 7.03E+000
PU-~242 1.000 4890.,70% 6.64E+002 +/- 1.21E+002 4.47E+001 +/- 8.16E+000
PUU-244 0.983 4580.60% 1.57E+000 +/- 2.05E+001 4.82E+001 +/- 8.79E+000
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Apex Alpha

. - Sample Description: J1Vvg8D3 SAF: RC-155 -
Spectrum File: Y \OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001456
Batch Identification: 1603050A-PU

Sample Identification: 04

Sample Geometry: Shelf 2
; Procedure Description: Pu iso
§ Detector Name: Alpha_ 0490
| Chamber Serial Number: 060273968
| Detector Serial Number: 91135

Env. Background:
Reagent Blank:

System Bkgd 146793
<not performed:

Sample Size: 5.300E-00G3 +/-

G
30

0.000E+000 gram

Sample Date/Time: 3/7/2016 10:18:13 AM
Acquisition Date/Time: 3/16/2016 12:16:55 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Pu242 PU-20
Tracer Quantity: 0.902 mL
Effective Efficiency: 0.0657 +/- 0.0071
Counting Efficiency: 0.1847 +/- 0.0032 on 12/11/2015 8:20:48 AM
Chem. Recovery Factor: 0.3559 +/- 0.0387
Peak Match Tolerance: 0.175 MeV

————— PEAK AREZR REPORT —-————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
PU-236 5.714 ¢.15% 1397.8 0.85 0.00E+00C 3.0
PU-238 5.471 13.64 56.08 1.36 0.00E+000 3.0
PU-239 5.132 776.66 7.03 0.34 0.0CE+000 32.4
PU-242 T 4.867 87.66 20.98 0.34 0.00E+000 11.4
PU-244 4,519 1.66 169.38 0.34 0.C0E+000 3.0

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

‘ Nuclide Conf {keV} {(pCi/gram )} (pCi/gram )

! PU-23¢6 0.891 5755.00%* 1.15E+000 +/- 1.60E+001 4 .58E+001 +/- 9.63E+000
PU-238 0.999 5487.10% 1.04E+002 +/- 6.22E+001 5.22E+001 +/- 1.10E+001
PU-238% 0.999 5147.70% 5.91E+003 +/- 1.31E+003 3.64E+001 +/- 7.66E+000
PU-242 0.897 4890.70%* 6.64E8+002 +/- 1.40E+002 3.862E+001 +/- 7.62E+000
PU-244 0.980 4580.60%* 1.26E+001 +/- 2.16E+001 3.64E+001 +/- 7.66E+000
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Sample Description: PROCESS BLANK:

Spectrum File: Y \OR-ALPHA1l\Canberra\ApexaAlpha\Root\Data\00001456
Batch Identification: 1603050A-PU

Sample Identification: 06

Sample Geometry: Shelf 2

Procedure Description: Pu iso

Detector Name: Alpha 041

Chamber Serial Number: 05026930A

Detector Serial Number: 91087

Env. Background: System Bkgd 146794

Reagent Blank: <not performed:

Sample Size: 1.000E+000 +/- 0.000E+000 gram
Sample Date/Time: 3/10/2016 10:18:13 AM
Acquisition Date/Time: 3/16/2016 12:16:51 PM
Acquisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 minutes

Tracer Certificate: Fu242 PU-20

Tracer Quantity: 0.901 mL

Effective Efficiency: 0.1131 +/- 0.0093

Counting Efficiency: 0.1900 +/- ©.0033 on 12/11/2015 8:21:11 AM
Chem. Recovery Factor: 0.5953 +/- 0.0498

Peak Match Tolerance: 0.175 MeV

Nuclide

Energy Net Pk Area Ambient Reagent FWHM
{MeV) Pk Area Error % Backgnd Backgnd {keV)
5.707 0.64 457 .45 1.36 0.00E+0Q00 3.0
5.490 -1.70 130.50 1.70 0.00E+000 0.0
5.001 1.66 169.38 0.34 0.00E+000 3.0

T 4.875 150.66 15.99 0.34 0.00E+000 4.4
4.521 0.49 416.98 0.51 0.00E+0Q00 3.0

id Energy Activity MDA
Conf. {keV) {pCi/gram ) (pCi/gram )

0.988 5755.,00%* 1.51E-002 +/- 6.B9E-002 1.61E-001 +/- 2.59E-002
1.000 5487.10% -3.99E-002 +/- 5.26E-002 1.72E-001 +/- 2.77E-002
0.894 5147.70% 3.89E-002 +/- 6.62E-002 1.12E-001 +/- 1.80E-002
0.999 4890_70% 3.52E+000 +/- 5.64E-001 1.12E-001 +/- 1.73E-002
0.982 4580.60%* 1.15E-002 +/- 4.80E-002 1.23E-001 +/- 1.98E-002
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QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :3/16/2016
Time . ©6:56:24 AM

3/16/2016 6:56:24 AM

CHAMEBER DEVICE PARAMETER FLAG DATE

Alpha 001 21f ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 21f ALL Passed 3/16/2016 6:41:48 AM
Alpha 004 21f ALL Passed 3/16/2016 6:41:49 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 3/16/2016 6:41:49 AM
Alpha 011 21f ALL Passed 3/16/2016 6:41:50 AM
Alpha 012 21 ALL Passed 3/16/2016 6:41:51 AM
Alpha 013 21f ALL Not Done

Alpha 014 21f ALL Passed 3/16/2016 6:41:52 AM
Alpha 015 21f ALL Passed 3/16/2016 6:41:53 AM
Alpha 016 21f ALL Not Done

Alpha 033 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:54 AM
Alpha 034 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:56 AM
Alpha 035 Alpha Analyst106DC ALL Passed 3/16/2016 6:41:57 AM
Alpha 036 Alpha Analyst100DC ALL Passed 3/16/2016 6:41:59 AM
Alpha 037 Alpha Analyst} 00DC ALL Passed 3/16/2016 6:42:00 AM
Alpha 038 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:02 AM
Alpha 039 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:03 AM
Alpha 040 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:05 AM
Alpha 041 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:07 AM
Alpha 042 Alpha Analyst}00DC ALL Passed 3/16/2016 6:42:08 AM
Alpha 043 Alpha Analystl00DC ALL Passed 3/16/2016 6:42:10 AM
Alpha 044 Alpha Analysti00DC ALL Passed 3/16/2016 6:42:12 AM
Alpha 045 Alpha Analystl100DC ALL Passed 3/16/2016 6:42:14 AM
Alpha 046 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:15 AM
Alpha 047 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:17 AM
Alpha 048 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:19 AM
Alpha 049 Aipha Analysti00DC ALL Passed 3/16/2016 6:42:21 AM
Alpha 050 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:23 AM
Alpha 051 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:25 AM
Alpha 052 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:27 AM
Alpha 053 Alpha Analyst100DC Peak FWHM Action 3/14/2016 4.57:07 AM
Alpha 054 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:29 AM
Alpha 055 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:31 AM
Alpha 056 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:33 AM
Alpha 057 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:36 AM
Alpha 058 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:39 AM

BEIsE




Page 2 of 2 Review of QA Results - Pulser Check ]
3/16/2018 6:56:24 AM
CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:42 AM
Alpha 060 Alpha Analyst100DC ALL Passed 3/16/2016 6:42:45 AM

APPROVED BY:

APPROVAL DATE: _<3 [!b[ 1%
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Library Listing Report 6/12/12 12:16:03 PM Page 1

*'k*******************************************‘k***************************

BE Kk kK LIBRARY LISTING REPORT kA kk
B 2. £ S L i R L A L L L LR E R A AR LA b

Nuclide Library Title: Plutonium

Nuclide Library Description: Pu-236,-238,-239,-242,-244

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) {kev ) Uncert. (keV ) (%) Uncert. (Bbs.+-)
PU-2386 9.019E+007 5755.000%* 0.000 100.0000 0.0000
PU-238 2.768E+009 5487.100%* 0.000 99.9000 0.0000
PU-2395 7.608E+011 5147.700%* 0.000 99,9000 0.0000
PU-242 1.178E+013 48%0.,700%* 0.000 100.4000 0.0000
PU~244 2.367E+014 4580.600* 0.000 99.39000 0.0000

* = key 1iné

TOTALS: 5 Nuclides 5 Energy Lines -
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SECTION X

ANALYTICAL DATA (PLUTONIUM-241)
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3/16/20616 9:34:28 PM QuantaSmart (M) - 2.02 - Sexrial# 427086 Page # 1
Protocol# 24 - Pu24l cpm.24.1lsa User: Default

AG

5/

BAssay Definition- ib

Assay Description:
Pu241

Assay Type: CPM

Report Name: Reportl

Qutput Data Path: C:\Packard\Tricarb\Results\Default\Pu241_cpm.24\20160316 1621

Raw Results Path: C:\Packard\Tricarb\Results\Default\Pu241l_cpm.24\20160316_1621\20160316 .
1621 .results

Comma-Delimited File Name: C:\Packard\Tricarb\Results\Default\Pu241l cpm.24\20160316_1621
\1603050 pu24la.csv

Assay File Name: C:\Packard\TriCarb\Assays\Pu241l cpm.24.lsa

Count Conditions-

Nuclide: 241Pu
Quench Indicator: tSIE
External S5td Terminator (sec): 0.5 2s8%
Pre-Count Delay (min): 1.00
Quench Set: n/a
Count Time (min): 60.00
Count Mode: Normal
Agsay Count Cycles: 1 Repeat Sample Count: 1
#vials/Sample: 1 Calculate % Reference: Off

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: QOff

Regions LL UL
A 2.0 20.0
B 0.0 20.0
c 2.0 250.0

Count Corrections-

Static Controller: On Luminescence Correction: Off
Colored Samples: n/a Heterogeneity Monitor: n/a
Coincidence Time (nsec): 18 Pelay Before Burst (nsec): 75

Half Life-

Half Life Correction: Off

Regions Half Life Units Reference Date Reference Time
A

B

c

Cycle 1 Results
SMPL_ID P# PID s CPMA CPMB CPMC tSIE Count Time
DATE TIME
16-03050~-1-241-018 24 29 1 72.3 109.3 115.7 265,85 60.00
3/16/2016 4:23:08 PM

SpectravView Block bata




3/16/2016 9:34:36 PM QuantaSmart (TM) - 2.02 - Serial# 427086 . Page # 2
Protocol# 24 - Pu24l cpm.24.lsa User: Default

16-03050-1-241-0258 24 29 2 15.2 16.9 32.1 255.30 60.00
3/16/2016 5:26:02 PM

Spectraview Block Data

2
Y
&
(@



Page # 3

Serial# 427086

2.02 -

QuantaSmart (TM)

9:34:37 PM

3/16/2016

Default

User:

Protocol$# 24 - Pu24l cpm.24.1lsa

60.00

17.0 19.4 67.6 242.00

29

24

w0
™M
o
1
—l
<f
[}
1
—l
1
]
n
[es]
(3]
o
1
0
i

\0
—
o
N
e
o
—
T
™

17 PM

128

6

SpectraView Block Data

.00

60

.86

251

3

55.

18.

1

29

24

-048

241
29 PM

-1-

-03050

16

3/16/2016

:30:

7

Block Data

SpectraView




3/16/2016 9:34:37 PM QuantaSmart (TM) - 2.02 - Serial¥# 427086 Page # 4
Protocol# 24 - Pu24l cpm.24.lsa User: Default

16-03050-1-241-065 24 29 5 15.7 17.7 33.2 257.56 60.00
3/16/2016 8:32:43 PM

Spectraview Block Data




3/16/2016 7:40:36 AM QuantaSmart (TM) - 2.02 - Serial# 427086 Page # 1
SNC Protocol

<

Calibration Information L’
Software Version IC: 2.12

Software Version EC: 2.02

Instrument Model: Tri-Carb 3100TR [
Instrument Serial Number: 427086

3E Chi Square: 21.05 Date Processed: 3/16/2016 7:40:36 AM

14C Chi Sguare: 28.44 Date Processed: 3/16/2016 7:40:36 AM

3H E"2/B {1-18.6 keV): 276.98 Date Processed: 3/16/2016 7:40:36 AM

14C E™2/B (4-156 keV): 519.06 Date Processed: 3/16/2016 7:40:36 AM

3H Efficiency (0-18.6 keV): 62.14 Date Processed: 3/16/2016 7:40:36 AM

14C Efficiency (0-156 keV): 95.41 Date Processed: 3/16/2016 7:40:36 BAM

IPA Background Date Processed: 3/16/2016 7:40:36 AM

3H Background CPM (0-18.6 keV): 13.88 Date Processed: 3/16/2016 7:40:36 AM

14C Background CPM {0-156 keV): 21.63 Date Processed: 3/16/2016 7:40:36 AM

3H Calibration DPM: 207400

3H Reference Date: 16/28/2007

14C Calibration DPM: 120521




SECTION XI

ANALYTICAL DATA (TOTAL STRONTIUM)

ful
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SECTION XII

ANALYTICAL DATA (TECHNETIUM-99)
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3/15/2016 1:07:10 PM QuantaSmart (TM) - 2.02 - Serial# 427086

Page # 1

Protocol# 13 - Tc9%9 cpm.l3.lsa

RAgsay Definition-

Assay Description:
Tc2%

Asgay Type: CPM
Report Name: Reportl

User: Default

"

T

output Data Path: ¢:\Packard\Tricarb\Results\Default\Tc99 cpm.13\20160315 0648
Raw Results Path: C:\Packard\Tricarb\Results\Default\Tc99 cpm.13\20160315_0648\20160315_

0648.results

Comma-Delimited File Name: C:\Packard\Tricarb\Results\Default\Tc99 cpm.13\20160315 0648

\1603050 tcHS9a.csev
Assay File Name: C:\Packard\TriCarb\Assays\Tc99_cpm.13.lsa

Count Conditions-

Nuclide: 99Tc
Quench Indicator: tSIE
External Std Terminator (sec): 0.5 28%
Pre-Count Delay (min}: 1.00
Quench Set: n/a
Count Time (min): 60.00
Count Mode: Normal
Assay Count Cycles: 1 Repeat Sample Count: 1
$vials/Sample: 1 Calculate % Reference: Off

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: Off

Regions LL UL

A 5.0 75.0

B 5.0 294 .0

C 5.0 300.0

Count Corrections-

Static Controller: On Luminescence Correction: Off
Colored Samples: n/a Heterogeneity Monitor: n/a

Coincidence Time (nsec): 18 Delay Before Burst (msec): 75
Half Life-

Half Life Correctiomn: Off

Regions Half Life Units Reference Date Reference Time
A

B

C

Cycle 1 Results
SMPL _ID P# PID Si# CPMA CPMB CPMC ESIE
DATE TIME
16-03050-1-T99-018 13 13 1 1874.6 2085.7 2085.8 354.13
3/15/2016 6:49:58 AM

SpectravView Block Data

 PEELY

Count Time

60.00




3/15/2016 1:07:18 PM

QuantaSmart (TM)

2.02

Serial# 427086

Page # 2

Protocol# 13 - Tc99 cpm.l13.lsa

J—

H s

User:

ST

B

B

i

SRR

TEEREENG

R R LR
e

A

T

sl

RRinnsrai]

BRI

SRR

EEHt

i

o

fp——

e

i

ST

BErbR
BEEPRRE
e

]
P

S
EEL

16-03050-1-T99-028
3/15/2016  7:53:05 BM

13 13

SpectravView Block Data

e R R S
RN

S

UL

hicaat

16.3

T
S

g
SRb e

B R R RE R et
LD S AT

22.2

B
e

L

e

rritye i
rin

i

i

B B B, L T ¥ 4o AT ¥ oD
R R R LU LA

e e
Srrdninenint
P e
e e R R R B T e S
[ bl et
b <

[ i

T EE R
TSR s

i

e s
e L S

aiiatd

R P T e e

o

TR

Gt

e s

£

R

ST

B

R R

FEEE

Default

60.00




3/15/2016 1:07:18 PM QuantaSmart (TM) - 2.02 - Serial# 427086 Page # 3
| Protocol# 13 - Tc99 cpm.l3.lsa User: Default

16-03050-1-T99-03S 13 13 3 25.5 31.4 31.5 352.87 60.00
3/15/2016 8:56:10 AM

SpectraView Bleock Data

16-03050~1-T95-04S 13 13 4 23.7 31.2 31.3 353.53 60.00
3/15/2016 9:59:14 AM

SpectraView Block Data




3/15/2016 1:07:18 PM QuantaSmart (TM) - 2.02 Serial# 427086 Page # 4
Protoceol# 13 - Tc%2 cpm.13.lsa Usexr: Default

16-03050-1-T92-058 13 13 LY 1833.6 2014.0 2014.1 356.58 60.00
3/15/2016 11:02:19 AM

SpectraView Block Data




3/15/201¢ 1:07:18 PM QuantaSmart (TM) - 2.02 - Serial# 427086 Page # 5 i
Protocol# 13 - Tc9%9 cpm.13.lsa User: Default

Sample #6 13 13 6 16.6 22.2 22.3 379.98 60.00
3/15/2016 12:05:24 PM

SpectravView Block Data

@gazus



1 3/15/2016 5:50:31 AM QuantaSmart (TM) - 2.02 - Serial# 427086 Page # 1
SNC Protocol . ‘ o

Calibration Information

Software Version IC: 2.12

Software Version EC: 2.02

Instrument Model: Tri-Carb 3100TR

Instrument Serial Number: 427086

3H Chi Square: 27.07 Date Processed: 3/15/2016 5:50:30 AM

14C Chi sSquare: 20.95 Date Processed: 3/15/2016 5:50:30 BAM

3H E*2/B (1-18.6 keV): 290.37 Date Processed: 3/15/2016 5:50:30 AM

14C E™2/B (4-156 keV): 565.98 Date Processed: 3/15/2016 5:50:30 AM

3H Efficiency (0-18.6 keV): 62.14 Date Processed: 3/15/2016 5:50:30 AM

14C Efficiency {0-156 keV): 95.26 Date Processed: 3/15/2016 5:50:30 AM

IPA Background Date Processed: 3/15/2016 5:50:30 AM

3H Background CPM (0-18.6 keV): 13.27 Date Processed: 3/15/2016 5:50:30 AM
14C Background CPM (0-156 keV): 19.50 Date Processed: 3/15/2016 5:50:30 AM
3H Calibration DPM: 207400

3H Reference Date: 10/29%9/2007

14C Calibration DPM: 120521

&
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SECTION XIkI

ANALYTICAL DATA (CARBON-14)
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3/11/2016 7:46:18 PM QuantaSmart (TM) - 2.02 - Serial# 426825 Page # 1
Protocol# 6 - cl4-cpm-6.lsa User: Default

@,\w
A7

Assay Definition-

Assay Description:
Cl4

Assay Type: CPM

Report Name: Reportl

Qutput Data Path: C:\Packard\Tricarb\Results\Default\ci4-cpm-6\20160311_1224

Raw Results Path: C:\Packard\Tricarb\Results\Default\c14—cpm—6\20160311_1224\20160311_
1224 .resgults

Comma-Delimited File Name: €:\Packard\Tricarb\Results\Default\cl4-cpm-6\20160311 1224
\1603050 acl4.csv

Assay File Name: C:\Packard\TriCarb\Assays\cl4-cpm-6.1sa

Count Conditions-

Nuclide: 14C
Quench Indicator: tSIE
External Std Terminator (sec): 0.5 2s%
Pre-Count DPelay (min): 1.00
Quench Set: n/a
Count Time {(min): 60.00
Count Mode: Normal
Assay Count Cycles: 1 Repeat Sample Count: 1
#vials/Sample: 1 Calculate % Reference: Off

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma ¥ Terminator: Off

Regions LL UL

A 0.0 156.0

B 4.0 156.0

C 0.0 0.0

Count Corrections-

Static Controller: On Luminescence Correction: Off
Colored Samples: n/a Heterogeneity Monitor: n/a

Coincidence Time (nsec): 18 Delay Before Burst (nsec): 75
Half Life-

Half Life Correction: Off

Regions Half Life Units Reference Date Reference Time
A

B

c

Cycle 1 Results
SMPL_ID P# PID S# CPMA CPMB ceMC tSIE Count Time
DATE TIME
16-03050-1-C14-018 6 5 1 g21.2 €86.8 0.0 185.34 60.00
3/11/2016 12:26:01 PM

Spectraview Block Data

&
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b




3/11/2016 7:46:27 PM QuantaSmart (TM) - 2.02 - Serial¥# 426825 Page # 2
Protocol# 6 - cl4-cpm-6.lsa User: Default
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16-03050-1-Cl4-028 6 5 2 23.6 18.6 0.0 212.49 60.00

3/11/2016 1:29:06 PM

Spectraview Block Data
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3/11/2016 7:46:27 PM

QuantaSmart (TM) - 2.02 - Serial# 426825 Page # 3

Protocol# 6 - cl4-cpm-6.1lsa User: Default

R
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16-03050-1-C14-0385
3/11/201e 2:32:11 PM

SpectraView Block Data

& 5 3 25.1 19.6 0.0 176.48 €0.00




3/11/2016 7:46:28 PM QuantaSmart (TM) - 2.02 - Serial# 426825 Page # 4
Protocol# 6 - cld-cpm-6.1=a User: Default

A ¥ ::‘WW
f%ggmé s
i Sordinen et
e e Sy i e E% SEEEI e
@nz}g{;s Z r-zmmm e e S Harae :s; ot Wﬁmumﬁ&amw‘”
g&%gm: il Sl wwwm% B S el
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16-03050-1-C14-048 6 5 4 23.1 18.3 0.0 174 .24 60.00
3/11/2016 3:35:17 PM

SpectravView Block Data




3/11/201l6 7:46:28 PM QuantaSmaxrt (TM) - 2.02 - Seriali#t 426825 Page # 5
Protocol# 6 - cl4-cpm-6.lsa : User: Default

csar

S e — I
s B M“$§§%%%§%§%§§§§ i ==
11 s : = e S L S
e =
e e

e

S : =
e i
S 5 i e Ry 2

7

20
R £
e

A;’%%

%gw% : =] 5 {EHEm et i %
e ey iz b L et 2t En R e
L e - : o - ANeE st s

16-03050-1-C14-058 6 5 5 701.9 586.1 0.0 187.51 60.00
3/11/2016  4:38:22 PM

SpectraView Block Data

 ABEES



3/11/2016 7:46:28 PM QuantaSmart (TM) - 2.02 - Serial# 426825 Page # 6
Protocol# 6 - cl4-cpm-6.lga Uger: Default

Esh

"ﬂ’ﬁ?’“,ﬁg 5

RROEE T s
ey

i e

i!&?%g*?.im;.,
it
R e ]

et

TR R
B i

g FLIEHs Rt
S te
R

Sample #6 6 5 6 21.2 17.1 0.0 211.52 60.00
3/11/2016 5:41:28 PM

SpectraView Block Data

. POREE



3/11/2016 7:46:28 PM QuantasSmart (TM) - 2.02 -

Serial$# 426825

Page # 7

Protocol# 6 - cl4-cpm-6.lsa

"W&*W&’ngﬁﬁw
e S

i
= :
e

e e

B

User: Default

= f'wg : : i e ey o
- . =
Sample H#7 6 5 7 801.1 674 .6 g.0 189.08

3/11/2016 6:44:33 PM

SpectraView Block Data

60.00

 Be2ET




3/11/2016 7:46:28 PM QuantaSmart (TM) - 2.02 - Serial# 426825 Page # 8
Protocol# 6 - cl4-cpm-6.lsa User: Default
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3/11/2016 6:33:19 AM QuantaSmart (TM) - 2.02 - Serialff 426825 Page # 1

SNC Protocol
J

\

=)

Calibration Information

Software Version IC: 2.11

Software Version EC: 2.02

Instrument Model: Tri-Carb 3100TR

Instrument Serial Number: 426825

3H Chi Square: 15.20 Date Processed: 3/11/2016 6:33:19 AM

14C Chi Sguare: 17.30 Date Processed: 3/11/2016 &:33:19 AM

3 E*2/B (1-18.6 keV): 293.73 Date Processed: 3/11/2016 6:33:19 AM

14C E*2/B (4-156 keV): 552.87 Date Processed: 3/11/2016 6:33:19 AM

34 Efficiency (0-18.6 kev): 60.61 Date Procegsed: 3/11/2016 6:33:19 AM

14C Efficiency (0-156 keV): 95.74 Date Processed: 3/11/2016 6:33:1% &AM

IPA Background Date Processed: 3/11/2016 6:33:19 AM

3H Background CPM (0-18.6 keV): 12.58 Date Processed: 3/11/2016 6:33:19 BAM
14C Background CPM {0-156 keV): 19.67 Date Processed: 3/11/2016 6:33:19 AM
3H Calibration DPM: 183600

3E Reference Date: 2/27/2007

14C Calibration DPM: 136500

L EEETY




SECTION X1V

ANALYTICAL DATA (NICKEL-63)
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3/14/2016 11:06:11 PM guantaSmart (TM) - 2.02 - Serial$# 427086 Page # 1
Protocol# 12 - Nié3 cpm.l2.lsa User: Default

S

Y

Assay Definition-

Agsay Description:
Nig3

Assay Type: CPM
Report Name: Reportl
Output Data Path: C:\Packard\Tricarb\Results\Default\Ni63_cpm.12\20160314_ 1546 ]
Raw Results Path: C:\Packard\Tricarb\Results\Default\Ni&3 cpm.12\20160314_1546\20160314_
1546.results

Comma-Delimited File Name: C:\Packard\Tricarb\Results\Default\Ni63 cpm.12\20160314 1546
\1603050 ni63a.csv

Assay File Name: C:\Packard\TriCarb\Assays\Ni63_cpm.12.lsa

Count Conditions-

Nuclide: 63Ni
Quench Indicator: tSIE
External Std Terminator {(sec¢): 0.5 2s%
Pre-Count Delay (min): 1.00
Quench Set: n/a
Count Time (min): 60.00
Count Mode: Normal
Agssay Count Cycles: 1 Repeat Sample Count: 1
#vVials/Sample: 1 Calculate % Reference: Off

Background Subtract: Off
Low CPM Threshold: Off
2 Sigma % Terminator: Off

. Regions LL UL
i A 0.0 75.0
B 2.0 75.0
C 0.0 150.0
Count Corrections-
Static Controller: On Luminescence Correction: Off
Colored Samples: n/a Heterogeneity Monitor: n/a

Coincidence Time (nsec): 18 Delay Before Burst (nsec): 75

Half Life-

Half Life Correction: OfE

Regions Half Life Units Reference Date Reference Time
: A
B
c

Cycle 1 Results
SMPL_ID P# PID S# CPMA CPMB CPMC tSIE Count Time
DATE TIME
16-03050-1-N63-018 12 12 1 1855.2 1604.1 1858.6 224.75 60.00
3/14/2016 3:48:04 PM

SpectraView Block Data

@EESY



3/14/2016 11:06:19 PM QuantaSmart ({TM) - 2.02 - Serial# 427086 Page # 2
Protocol# 12 - Ni63 cpm.l2.lsa User: Default

16-03050-1-N63-025 12 1z 2 18.8 18.0 22.0 224.20 60.00
3/14/2016 4:51:09 PM

SpectraView Block Data




3/14/2016 11:06:19 PM QuantaSmart (TM) - 2.02 - Serial# 427086 Page # 3
bProtocol# 12 - Nié3 cpm.l2.lsa User: Default

‘5/(\’4\
f: A
AN
16-03050-1-N63-g48 12 12
3/14/2016  5:53:23 P

3 577.1 560.5 772.1 184.63 60.00

SpectraView Block Data

16-03050-1-N63-048 12 12 4 452.6 437.8 673.1 174.50 £0.00
3/14/2016 6:56:29 PM

SpectraView Block Data




3/14/2016 11:06:19 PM QuantaSmart (TM) - 2.02 - Sexrial# 427086

Page # 4
Protocol# 12 - Nié3_cpm.l12.1sa

User: Default

ST SRR A e

Siiipanana TRERCEEE ARREE R iy L T e et Lt LB s

sy

T

et
St

3

S

Fi

el i 354 JHEEAs G 373 prstepe iy
SRR S U RO RIEEART
TS, NS A S L EESCRR S o 2 Tk

5 T ST DL b

T e LR e L R R ML

; BRI o Ermainhos
sl e : e S
: B

P e eosTeosen iy S FEAEEY S SE B R A 5 b
NEnnn B ey
Sl

E ey
G

fo3

SET

e
P iy

D Sttty
BT T s i e e A e
e e L R S 5 T O

16-03050-1-N63-¢58 12 12 5 272.1 262.2 374 .0 210.29

60.00
3/14/2016 7:59:20 P

: SpectraView Block Data
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3/14/2016 11:06:19 PM QuantaSmart (TM) - 2.02 - Serial$# 427086 Page # 5
Protocol# 12 - Ni63 cpm.l2.lsa User: Default

Sample #6 12 12 6 18.5 17.7 21.6 228.67 60.00
3/14/2016 9:02:25 PM

Spectraview Block Data

Sample #7 12 12 7 2026.6 1772.1 2029.6 245.82 60.00
3/14/2016 10:04:38 PM

SpectraView Block Data

EEZ2as



3/14/201s6

11:06:19 PM QuantaSmart (TM)

2.02

Serial# 427086

Page # 6

Protocol#

12 - Ni63 cpm.l2.lsa

User:

SR
o

Default

|
|
i




3/14/2016 6:34:06 AM QuantaSmart (TM) - 2.02 - Serialf 427086 Page # 1

SNC Protocol t_-w””’

Ny

Calibration Information

Software Version IC: 2.12

Software Version EC: 2.02

Instrument Model: Tri-Carb 3100TR

Instrument Serial Number: 427086

3H Chi Square: 27.56 Date Processed: 3/14/2016 6:34:06 AM

14C Chi Square: 15.87 Date Processed: 3/14/2016 €:34:06 AM

3H E*2/B (1-18.6 keV): 267.49 Date Processed: 3/14/2016 6:34:06 AM

14C E*2/B (4-156 keV): 546.21 Date Processed: 3/14/2016 6:34:06 AM

3H Efficiency (0-18.6 keV): 62.02 Date Processed: 3/14/2016 6:34:06 AM

14C Efficiency (0-156 keV): 95.99% Date Processed: 3/14/2016 6:34:06 RAM

IPA Background Date Processed: 3/14/2016 6:34:06 AM

3H Background CPM (0-18.6 keV): 14.28 Date Processed: 3/14/2016 6:34:06 AM
14¢C Background CPM (0-156 keV): 20.82 Date Processed: 3/14/2016 6:34:06 BM
3H Calibration DPM: 207400

3H Reference bhate: 10/2%/2007

14C Calibration DPM: 120521

5
i3
)
L3
@



SECTION XV

ANALYTICAL DATA (GAMMA SPECTROSCOPY)
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1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

Te! 404+352.8677

Fax 404+352-2837

& Eckert & Ziegler

An a |ytics www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source GAsS -1307
94264 LPGAS- 13
Sand in Falcon Petri Filled to Top

Customer: Eberline Analytical Corporation
P.0. No.: 1304009, Item 3 Product Code: 8401-EG-SAN
Reference Date: 01-Jud-2013 12:00PM EST Grams of Master Source: 0.018434

This standard radionuclide source was prepared using aliquots measwred gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germanium gamma spectrometer system, At the time of calibration no interfering gamma-ray
emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines are
given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.185,
Revision 2, July 2007, and compliance with ANSI N42.22-1898, "Traceability of Radioactive Scurces to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-traceable sources, and this
source was produced in accordance with the HPS accreditation reguirements, Customers may report any
concerns with the accreditation program to the HPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, McLean,
VA 22101,

Master Uncertainty® , %
Gamma-Ray  Hailf-Life, Source® This Source Type Calibration
Nuclide Energy (keV) Days yps/gram TPS U U Method*
Am-241 89.5 1.580E+05 2.145E+03 01 17T 35 4 LS
Cda-109 88.0 4.626E+02 1.641E+08 3.024E+03 0.8 33 47 HPCe
Co-57 122.1 2,718E+02 8.865E+04 1.634E+03 04 2.0 41 HPGe
Ce-139 165.9 1.376E+02 1.243E+08 2.291E+03 04 19 39 HPGe
Hg-203 279.2 4,661E+0Q1 2.627E+08 4,842E+03 03 18 38 HPGe
Sn-113 391.7 1.151E+02 1.736E+05 3.201E+03 04 18 3.8 HPGe
Cs-137 661.7 1.088E+04 1.120E+05 2.06BE+03 07 19 4.0 HPGe
Y-88 £08.0 1.066E+02 4.107E+08 7.7137E+03 05 19 3.9 HPGe
Co-60 1173.2 1.825E+03 2.074E+05 3.823E+03 06 1.8 4.0 HPGe
Co-60 1332.5 1.925E+03 2.074E+05 3.824E+03 0. 19 4.0 HFGe
Y-88 1836.1 1.066E+02 4 444E+08 8,191E+03 0.7 18 40 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated quarterly.

Calibration Methoeds: 471 LS - 4 pi Liquid Scintillation Counting, HPGe - High Purity Germanium Gamma-Ray Spectrometer, IC -
lonization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2, See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results.”

(Certificate continued on reverse side)

MGS Certificate Rev 4, 23 August 2012

Page 1 of 2

Corporate Office

24937 Avenue Tibbitts Valencia, California 91355

Laboratory

1380 Seaboard Industrial Blvd, Atlanta, Georgia, 30318
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Analysis Report for  1603050-01
GAS 1307

3/10/2016  5:38:31PM
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Page | of 27

GAMMA SPECTRUM ANALYSIS

Sample identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

Procedure
Qperator
Detector Name
Geometry

Live Time

Real Time

Dead Time

Peak Locate Threshold

Peak Locate Range (in channels}
Peak Area Range (in channels)
Identification Energy Tolerance

Energy Calibration Used Done On

Efficiency Calibration Used Done On
Efficiency Calibration Description

Sample Number

: 160305G-01
1 GAS 1307
: SOIL

: 3.900E+01 grams
. Countroom

D TM12013 4:47:20PM
: 3/10/2016  5:06:50PM

1 GAS-1407 pCi

. Administrator

- GEZ2

. GAS-1407

: 1800.0 seconds
: 1888.8 seconds

T 470 %

: 2.50

1 1-4096

1 5-4096

. 1.000 keV

1 11/2/2014
. 10/25/2014

: 34265

PEAK-TO-TOTAL CALIBRATION REPORT

Peak-to-Total Efficiency Calibration Equation

37:}! &

: @280
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Analysis Report for  1603050-01

GAS 1307
PEAK LOCATE REPORT
Peak Locate Performed an 1 3/10/2016 5:38:23PM
Peak Locate From Channel o1
Peak Locate To Channel : 4096
Peak Search Sensitivity 1 280
Peak No. Energy (keV) Centroid Channel Centroid Uncertainty Peak Significance
1 12.08 12.21 0.0000 0.00
2 14.88 15.00 0.0000 0.00
3 18.09 i8.21 0.0000 0.00
4 22.00 22.12 0.0000 c.oo0
5 24.67 24.79 0.0000 0.00
6 32.06 32.17 0.0000 0.00
7 36.56 36.67 0.0000 0.00
8 43.39 43.50 0.0000 0.00
9 50.51 50.61 0.0000 0.00
i0 59.56 59.65 0.0000 0.00
11 67.58 67.67 0.0000 0.00
12 70.32 70.41 0.0000 0.00
13 88.03 88.11 0.0000 0.00
14 98.61 98.68 0.00C0 0.00
15 122.05 122.11 0.0000 0,00
i6 136.42 136.47 0.0000 0.00
17 165.83 165.86 0.C000 0.00
18 310.54 310.49 0.0000 0.00C
19 391.65 391.56 0.0000 c.00
290 583.16 582.98 0.000C0 0.00
21 661.69 661.48 0.0000 0.00
22 682.35 682.12 0.0000 0.00
23 771 .68 771.42 0.0000 0.00
24 821.89 821.60 0.0000 0,00
25 838.69 838.40 0.0000 g.00
26 897.89 897.57 0.0000 0.00
27 958.68 9nLg. 34 0.0000 0.00
28 1153.13 1152.71 C.C0000 0.00
29 1173.40 1172.98 0.0000 0.00
30 1195.10 1194.66 0.0000 0.00
31 1332.70 1332.22 0.0000 0.00
32 1349.47 1348.98 $.0000 0.00
33 1353.87 1353.38 0.0000 0.00
34 1366.31 1365.82 0.0000 0.00
35 1574, 35 1573.79 0.00C0 0.00
36 1745.59 1744,99 0.0000 ¢.00
37 1835.88 1835.26 0.0000 0.00
38 1844 .28 1843.65 0.C000 0.00
39 2228.36 2227.66 0.0000 0.00
40 2302.55 2301.84 0.0000 0.00
41 2418.¢64 2417.92 0.0000 0.00
42 2505.64 2504.90C 0.0000 0.00

8
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? = Adjacent peak noted
Errors quoted at 2.000sigma
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Analysis Report for  1603050-01
GAS 1307
PEAK ANALYSIS REPORT
Peak Analysis Performed on 1 3/10/2016 5:38:23PM
Peak Analysis From Channel o1

Peak Analysis To Channel : 4096
Peak Energy RO! ROI Peak Net Peak Net Area  Continuum FWHM
No. {keV} start end Centroid Area Uncertainty Counts (keV)
1 12.08 9 - 28 i2.z2% 7.44E+04 784,68 5.08E+04 1.21
2 14.88 9 - 28 15.00 1.59E+04 507.09 3.77E+04 1.00
3 18.09 9 - 28 18.21 2.65E+04 595.81 5.01E+04 1.21
4 22.00C 9 - 28 22.12 1.02E+06 2252.97 4.74E+04 1.21
5 24,067 9 - 28 24.79 2.78E+05 1644.22 4,36E+04 1.21
6 32.06 30 - 35 32.17 1.81E+04 542.76 4.51E+04 1.40
7 36.56 36 - 39 36.67 3.52E+03 355.94 2.74E+04 2,55
8 43.39 42 - 4% 43.50 8.97E+02 376.47 3.51E+04 1.71
9 50.51 46 - 63 50.61 1.96E+04 607.24 4.74E+04 1.61
10 59.56 46 - 63 59.65 4,.69E+05 1488.50 2.85E+04 1,35
11 67.58 66 - 74 67.67 2.06E+03 361.61 3.0CE+04 2.60
12 70.32 66 74 70.41 1.68E+03 621.31 6.25E+04 2.60
13 88.03 84 - 91 88.11 1.71E+05 981.15% 4.62E+04 1.26
14 98.61 97 - 1900 98.68 4,92E+02 237.49 1.35E+04 1.23
15 122.05 118- 125 122.11 3.01E+04 514.08 2.39E+4+C4 1.26
16 136.42 133 - 1490 136.47 3.97E+03 378.76 2.13E+04 1.93
17 165.83 led4 - 169 165.86 - 2.81E+(3 293.45 1.50E+04 1.35
18 310.54 309 - 313 31C.49 2.32E4+02 237.50 1.23E+04 1.82
19 391.65 389 - 393 391.56 7.13E+02 239.15 1.21E+04 1.72
20 583.1%6 581 - 586 582.98 1,.71E+02 195.28 7.46E+03 3.12
21 661.69 657 - 666 661.48 1.14E+05 742.08 1.36E+04 2.03
22 682.35 679 - 685 682.12 2.78E+02 222.63 8.79E+03 2.76
23 771.68 769 - 774 771,42 1.88E+02 195.79 7.51E+03 2.84
24 821.89 819 - 825 521.60 2.99E+02 239.25 1.02E+04 2.51
25 838.69% 836 - 841 838.40 1.99E+02 209.52 8.62E+(3 2.03
26 897.89 894 - 901 897.57 6.22E+02 293.69 1.40E+04 2.28
27 958.68 956 - 961 958.34 3.04E+02 252.01 1.25E+04 3.42
28 1153.13 1151 - 1156 1152.71 1.30E+02 152.06 4.52E+03 3.10
29 1173.40 1167- 1178 1172.98 §.72E+04 652.38 5.60E+03 2.12
30 1195.10 1191 - 1198 1194.66 2.76E+02 163.84 4,23E+03 5.03
31 1332.70 1326 - 1338 1332.22 7.87E+04 583.11 3.00E+03 2.27
32 1349.47 1347 - 1358 1348.98 7.53E+01 55.28 7.44E+02 2.16
33 1353.87 1347 - 1358 1353.38 2.15E+02 122.77 1.83E+C3 3.77
34 1366.31 1364 - 1368 1365.82 5.03E+01 52.33 5.65E+02 2.97
35 1574.35 1570~ 1577 1573.79 5.54E+01 £6.63 7.01E+02 4.43
36 1745.59 1740 - 1749 1744.99 5.62E+01 67.5% 6.22E+02 7.44
37 1835.88 1829 - 1841 1835.26 4.16E+02 90.43 7.64E+02 2.62
38 1844.28 1842 - 1846 1843.65 3.56E+01 36.69 3.23E+02 3.16
39 2228.36 2224 - 2232 2227.66 4 _51E+01 55.03 4.42E+02 5.74
40 2302.55 2299 - 2306 2301.84 5.25E+01 43.27 2.79E+02 3.78
 BRRBR
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Analysis Report for  1603050-01
GAS 1307
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. {keV) start end Centroid Area Uncertainty Counts {keV)
41 2418.64 2407 - 2428 2417,82 4,77E+01 36.28 7.86E+C1 16.82
a2 2505.64 2498 - 2511 2504.80 2.29E+03 100.5%9 1.04E+(C2 2.83
M = First peak in a multiplet region
m = Qther peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
PEAK ANALYSIS REPORT
Peak Analysis Performed on 1 3/10/2016 5:38:23PM
Peak Analysis From Channel o1
Peak Analysis To Channet 1 4096
Peak Energy RO! RO/ Net Peak Net Area Continuum Critical
No. (keV) start end Area Uncertainty Counts Level
M 1 12.08 9 - 28 7.44E+04 784.68 5.08E+04 3.71E+02
m 2 14.88 9 - 28 1.59E+04 507.09 3.77E+04 3.19E+02
™ 3 18.09 9 - 28 2. E5E+01 585.81 5.01E+04 3.68E+02
m 4 22.00 9 - 28 1.02E+06 2252.97 4,.74E+04 3.58E+02
m 5 24,67 9 - 28 2.78E+05 1644.22 4.36E+04 3.43E+C2
6 32.06 30 - 35 1.81E+04 542.76 4.51E+04 3.87E+02
7 36.56 36 - 39 3.52E+03 355.94 2.74E+04 2.76E+02
8 43.39 42 - 45 8.97E+02 376.47 3.51E+404 3.06E+02
M 9 50.51 46 - 63 1.96E+04 607.24 4.74E+04 3.58E+02
m 10 59.56 46 - 63 4.69E+05 1488.50 2.85E+04 2.78E+02
M 11 67.58 06 - 74 2.06E+03 361.61 3.00E+04 2.858+02
™ 12 70,32 66 - 74 1.68E+03 621.31 ©.25E+04 4.11E+02
13 88.03 84 - 91 1.71E+05 981.15 4.62E+04 4.33E+02
14 98.61 97 - 100 4,92E+02 237.49 1.35E+04 1.92E+02
15 122.05 118 - 125 3.01E+04 514.08 2.39E+04 3.12E+02
16 136.42 133 - 140 3.97E+03 378.7¢ 2.13E+04 2.94E+02
17 165.83 164 - 169 2.81E+03 223.45 1.50E+04 2.25%E+02
18 310.54 309 - 313 2.32E+02 237.50 1.23E+04 1.94E+02
19 391.865 389 - 393 7.13E+02 239.15 1.21E+04 1.92E+02
20 583.16 581 - 586 1.71E+02 195,28 7.46E+03 1.59E+02
21 661.69 657 - 660 1.14E+05 742.08 1.36E+04 2.545+02
22 682.35 679 - 685 2.78E+02 222.63 8.79E+03 1.81E+02
23 771.68 769 - 774 1.88E+02 195.79 7.51E+03 1.59E+02
24 821.89 819 - 825 2.99E+02 239.25 1.02E+04 1.95E+02
25 838.69 836 - 841 1.99E+02 209.52 8.62E+03 1.71E+02
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Analysis Report for  1603050-01

GAS 1307
Peak Energy ROI ROI Net Peak Net Area Continuum Critical
No. {keV) start end Area Uncertainty Counts Level
26 897.89 894 - 901 65.22E+02 293.69 1.40E+04 2.38E+02
27 958.68 956 — 961 3.04E+02 252.01 1.25E+04 2.05E+02
28 1153.13 1151 - 1156 1.30E+02 152.06 4.52E+03 1.24E+02
29 1172.40 1167~ 1178 8.72e+04 652.38 9.60E+03 2.28E+02
30 1195.10C 1191 - 11898 2.76E+02 163.84 4.,238+03 1.32E+02
31 1332.70 1326 - 1338 7.87E+04 583.11 3.00E+03 1.31E+02
M 32 1349.47 1347 - 1358 7.53E+01 55.28 7.445+02 4.48E+C1
m 33 1353.87 1347 - 1358 2.15E+02 122.77 1.83E+03 7.03E+01
34 1366.31 1364 - 1368 5.03E+01 52.33 5.65E+02 4.14E+01
35 1574.35 1570 - 1577 5.54E+01 66.63 7.0184+02 5.34E+01
36 1745.59 1740- 1749 5.62E+01 67.59 6.22E+02 5.42FE+01
37 1835.88 1829- 1841 4.16E+02 90.43 7.64E+02 6.638+01
38 1844.28 1842 - 1846 3.56E+01 39.69 3.23E+02 3.11E+01
39 2228.36 2224 - 2232 4 . 51E+01 55.03 4,42E+02 4.39E+01
40 2302.55 2299~ 2306 5.25E+01 43.27 2.79E+02 3.35E+01
41 2418.064 2407 - 2428 4.77E+01 36.28 7.86E+01 2.76E+01
42 2505. 64 2498 - 2511 2.29E+03 100.59 1.04E+0Q2 2.52E+01
| M = First peak in a multiplet region
| m = Other peak in a multiplet region
F = Fitted singlet
} Errors quoted at 2.000sigma
PEAK WITH NID REPORT
Peak Analysis Performed on + 3/10/2016 5:38:23PM
Peak Analysis From Channel 1
Peak Analysis To Channel : 4096
Tentative N1D Library - WOR-GAMMA1\ApexRoot\CountroomiLibrar\TMAZ.NLB
Peak Match Tolerance : 1.000 keV
Peak Energy ROI ROI Peak Net Peak Net Area Continuum Tentative
No. {keV) start end Centroid Area Uncertainty Counts pNuclide
M 1 12.08 g - 28 12.21 7.44E+04 784.68 5.08E+04 .....
m 2 14,88 9 - 28 15.00 1.59E+04 507.09 3.17E+H04 ...
m 3 18.09 9 - 28 18.21 2.65E+04 5985.81 5.01E+04 .....
m 4 22.00 9 - 28 22.12 1.02E+06 2252.97 4.7T4E+04 . ....
m 5 24.67 9 - P 24.79 2.78E+05 1644.22 4,36E+04 TH-231
6 32.06 30 - 35 2.7 1.81E+0C4 542.76 4,51E+04 .....
7 36.56 36 - 39 356.67 3.52E+03 355.94 2.74E+04 PM-145
PM-145%
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Analysis Report for ~ 1603050-01
GAS 1307
Peak Energy ROI! ROI Peak Net Peak Net Area Continuum Tentative
No. (keV) start end Centroid Area Uncertainty Counts Nuclide
8 43,39 42 - 45 43.50 ~8.97E+02 376.47 3.51E+04 .....
M 9 50.51 46 - 63 50.61 1.96E+04 607.24 4,748+04 TH-227
TE-132
e 10 59.56 46 - 63 59.65 4,69E+05 1488.50 2.85E+04 AM-241
M 11 67.58 66 — T4 67.67 2.06E+03 361.61 3.00E+04 TH-230
TA-182
TI-44
T™-171
m 12 70.32 66 - 74 70.41 1.68E+03 621.31 6.25E+04 . ....
13 88.03 84 - o1 88.11 1.71E+05 981.15 4.628+04 CD-109
L.U-176
SN-126
14 98.¢61 97 - 100 98.68 4.92E+02 237.49 1.35E+04 .....
15 122.05 118 - 125 122.11 3.01E+04 514.08 2.398+04 CO-37
EU-152
SE-75
16 136.42 133- 140 136.47 3.97E+03 378.76  2.13E+04 CC-57
SE-75
17 165.83 164 - 169 165.86 2.81E+03 293,45 1.50E+04 CE-139
18 310.54 309 - 313 310.49 2.32E+02 237.50 1.23E+04 .....
19 391.65 389 - 393 391.56 7.13E+02 239.15 1.21E+04 S8SN-113
20 583.16 581 - 586 582.98 1.71E+02 195.28 7.46E+03 TL-208
21 661.69 657 - 666 661.48 1.14E+05 742.08 1.36E+04 CS-137
22 682.35 679 - 685 682.12  2.78E+02 222.63 8.79E+03 .....
23 771.68 769~ 774 771.42 1.88E+02 1965.79  7.51E+03 .....
24 821.89 819 - 825 821.60 2.99E+02 239,25 1.02E+04 .....
25 838.69 836 - 841 838.40 1.99E+02 209.52 8.62E+03 .....
26 §97.89 894 - 901 887.57 6.22E+02 293.69 1.40F+04 Y-88
27 958.68 956 - 961 958.34 3.04E+02 252.01 1.25E+04 . ....
28 1153.13 1151 - 1156 1152.71 1.30E+02 152.06 4.52FR+03 EU-1b06
29 1173.490 1167~ 1178 1172.98 B.72E+04 652.38 9.60E+03 COC-60
30 1185.10 1191 - 1198 1194.66 2.76E+02 163.84 4 .23E+03 .....
31 1332.70 1326 - 1338 1332.22 7.87E+04 583.11 3.00R+03 CO-60
M 32 1349.47 1347 - 1358 1348.98 7.53E+01 55.28 T.44E+02 ... ..
m 33 1353.87 1347~ 1358 1353.38 2.15E+02 122,77 1.83E403 .....
34 1366.31 1364 - 1368 1365.82 5.03E+01 52.33 5.65E+02 .....
35 1574.35 1570 - 1577 1573.79 5.54E+01 66.63 7.018+02 .....
36 1745.59 1740 - 1749 1744.99 5.62E+01 67.59 6.22E+02 .....
37 1835.88 1829 - 1841 1835.26 4.16E+02 90.43 7.648+02 Y-88
38 1844.28 1842 - 1846 1843.65 3.56FR+01 39.69  3,23E+02 .....
39 2228.36 2224 - 2232 2227.66  4.51E+01 55.03 4.42E+02 .....
40 2302.55 2299 - 2306 2301.84 5.25E+01 43.27 2.79E+02 .....
471 2418.64 2407 - 24Z8 2417.92 4.77E+01 36.28 7.86E+01 .....
42 2505.64 2498 - 2511 2504.90 2.29E+C3 100.59 1.04E+02 .....

 BRIaE
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GAS 1307

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

PEAK EFFICIENCY REPORT
Peak Analysis Performed on ;. 3/10/2016 5:38:23PM

Peak Energy Net Peak Net Area Peak Efficiency
No. {keV} Area {Incertainty Efficiency Uncertainty
M 1 12.08 7.44E+04 784.68 3.77E-04 9.36E-03
m 2 14.88 1.59E+04 507.09 2.03E-03 9.36E-03
m 3 18.09 2,65E+04 595.81 6.96E-03 9.36E-03
m 4 22.00 1.02E4+06 2252.97 1.80E-02 9.36E-03
m 3 24,67 2.78E+05 144,22 2.81E-02 9.36E-03
) 32.06 1.81E+0C4 542.7¢ 5.%8E-02 9.36E-03
7 36.56 3.52E403 355.94 7.81E-02 9.36E-03
8 43.39 8.97E+02 376.47 1.01E-01 9,36E-03
M 9 50.51 1.9%6E+04 607.24 1.17E-01 9.36E-03
m 10 59.56 4,695+05 1488.50 1.30E-01 9.36E-03
M 11 67.58 2.06E+03 36l.61 1.35E-01 1.00E-02
m 12 70.32 1.68E+03 621.31 1.36E-01 1.03E-02
13 88.03 1.71E+05 $81.15 1.35E-01 i.178-02
14 98.61 4 _S2E+02 237.49 1.31E-01 1.19E-02
15 122.0% 3.01+04 514.08 1.21E-01 1.24E-02
16 136.42 3.97E+03 378.76 1.14E-01 1.18E-02
17 165.83 2.81E+03 293.45 1.02E-01 1.05E~02
18 310.54 2.32E+02 237.50 6.35E-02 5.22E-03
19 391,65 7.13E+02 239.15 5.19F~02 4.11E-03
20 583.16 1.71E+02 195.28 3.59E-02 3.28E-03
21 661.69 1.14E+05 742.08 3.18E-02 2.94E-03
22 €82.35 2,78E+02 222.63 3.08E-02 2.88E-03
23 771.68 1.88E+02 195.79 2.73E-02 2.64E-03
24 821.89 2.99E+02 239.25 2.57E-02 2.50E-03
25 838.69 1.99E+02 209.52 2.52E-02 Z2.45E-03
26 897.89 6.22E+02 293,69 2.35E-02 2,28E-03
27 958.68 3.04E+02 252.01 2.20E-02 2.10E-03
28 1153.13 1.30E+02 15z.06 1.84E-02 1.51E-03
29 1173.40 8.72E+04 652.38 1.81E-02 1.45E-03
30 1195.1¢C 2.76E+02 163.84 1.78E-02 1.44E-03
31 1332.70 7.87E+04 583.11 1.61E-02 1.41E-03
M 32 1349.,47 7.53E+01 55.28 1.59E-02 1.39E-03
m 33 1353.87 2.15E+02 122.717 1.59E-02 1.39E-03
34 1366.31 5.03E+401 52.33 1.57E-02 1.38E-03

[ B@E3aEY
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Analysis Report for ~ 1603050-01

GAS 1307
Peak Energy Net Peak Net Area Peak Efficiency
No. (keV) Area Uncertainty Efficiency Uncertainty
35 1574.35 5.54E+01 66.63 1.39E~-02 1.18E-03
36 1745.59 5.62E+01 67.59 1.28E-02 1.01g-03
37 1835.88 4.16E+02 90.43 1.23E-02 9.,22E-04
38 1844.28 3.56E+01 39.69 1,23E-02 9.22E-04
39 2228.3%6 4 .51E+01 55.03 1.09E-02 9_22E-04
40 2302.55 5.25E+01 43,27 1.07E-02 9,.22E-C4
41 2418.64 4,77E+01 36.28 1.05E-02 9.22E-04
42 2505.64 2.29E+03 100.59 1.04E-02 9.22E-04
M = First peak in a multiplet region
m = Other peak in a muitiplet region
F = Fitted singlet
Errors quoted at 2,000 sigma
BACKGROUND SUBTRACT REPORT
Peak Analysis Performed on : 3/10/2016 5:38:23PM
Env. Background File - WOR-GAMMA 1\ApexRoot\Countroom\Data\0000033933.CNF
%
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV) Area Uncertainty Bachground Uncert. Area Unceri.
M 1 12.08 7.44E+04 784,68 7.44E+04 7.85E+02
m 2 14.88 1.59E+04 507.09 1.59E+04 5.07E+02
m 3 18.09 2.65E+04 595:81 6£.28E4+01 9.51E+00 2.65E+04 5.96E+02
m 4 22.00 1.02E+06 2252.97 1.02E+06 2.25E+03
m 5 24.67 2.78E+G5 1644.22 2.78E+(05 1.648+03
) 32.06 1.81E+04 542.76 1.81E+04 5.43E+02
7 36.56 3.52E+03 355.44 3.52E+03 3.56E+02
8 43.39 8.97E+02 376.47 8.97E+02 3.76E+02
M 9 50.51 1.96E+04 607.24 1.96E+04 6.07R+02
m 10 59.56 4 69E+05 1488.50 4.,69E+05 1.49E+03
M 11 67.58 2.06E+03 361.61 2.06E+03 3.62E+02
m 12 70.32 1.68E+03 621.31 1.68E+C3 6.21E+02
13 88.03 1.71E+05 2981.15 1,71E+05 9,81E+02
14 98.61 4.92E+02 237.49 4.92E+02 2.37E+02
15 122.05 3.01E+04 514.0C8 3.01E+04 5.14E+02
16 136.42 3.97E403 378.76 3,97E+03 3.7%E+02
17 165.83 2.81E+03 293.45 2.81E+03 2.938+02
18 310.54 2.32E+02 237.50 2.32E+02 2.38E+02
19 391.65 7.13E+02 239.15 7T.13E+02 2.39E+02
20 583.16 1.71E+02 195.28 4.97E+00 1.99E+00 1.66E+02 1.95E+02
21 661.69 1.14E+05 742.08 1.14E+05 T.42E+02
22 682 .35 2.78E+02 222.63 2.78E+02 2.23E4+02

- BA268
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Analysis Report for ~ 1603050-011
GAS 1307
Peak Energy Original Orig. Area Ambient Backgr. Subtracted Subtracted
No. (keV} Area Uncertainty Background Uncert. Area Uncert.
23 771.68 1.88E+02 185,79 1.88E+02 1.96E+02
24 821.8% 2.99E+02 239.25 2.99E+02 2.39E+02
25 838.69 1.99E+02 209.52 1.99E+02 2.10E+02
26 897.89 6.22E+02 293.69 6.22E+02 2.94E+02
27 958.68 3.04E+02 252.01 3.04E+02 2.52E+02
28 1153.13 1.30E+02 152.06 1.30E+02 1.52E+02
29 1173.490 8.72E+04 652.38 8.72E+04 6.52E+02
3¢ 1195.1¢ 2.76E+02 163.84 2.76E+02 1.64E+02
31 1332.70 7.878+04 583.11 7.87E+04 5.83E+02
M 32 1349.47 7.538+01 55.28 7.53E+01 5.53E+01
m 33 1353.87 2.15E+02 122.77 2.15E+02 1.23E+02
34 1366.31 5.03rm+01 52.33 5.03E+C1 5.23E+01
35 1574.35 5.54E+01 66.63 5.54E+01 6.66E+01
36 1745.59 5.62E+01 67.59 5,62E+01 6.76E+01
37 1835.88 4.16E+02 90.43 4,16E+02 9.C04E+01
38 1844.Z8 3.56E+01 39.60 3.56E+01 3.97E+01
39 2228.36 4.51E+01 55.03 4.51E+01 5.50E+01
40 2302.55 5.25E+01 43,27 5.25E+01 4,33E+01
41 2418.¢64 4.77E+01 36.28 4.77E+01 3.63E+01
42 2505.64 2.29E+03 100.59 2.29E+03 1.01E+02
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
AREA CORRECTION REPORT
REFERENCE PEAK/BKG. SUBTRACT
Peak Analysis Performed on : 3/10/2016 5:38:23PM
Ref. Peak Energy : 0.00 Reference Date
Peak Ratio : 0.00 Unceriainty : 0.00
Background File . WOR-GAMMA1\ApexRoot\Countroom\Data\0000033933.CNF
Corrected Area is: Original * Peak Ratio - Background
Peak  Energy Original QOrig. Area Ambient Backgr. Corrected Corrected
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 1 12.08 7.44E+04 784.68 7.44E+04 7.85E+02
™ 2 14.88 1.59E+04 507.09 1.59E+04 5.07E+02
m 3 18.09 2.65E+04 595.81 5.29E+01 9.51E+00 2.65E+04 5.960E402
m 4 22.00 1.02E+0¢ 2252.97 1.02E+06 2.25E+03
m 5 24,67 2.78E+05 1644.22 2.78E+05 1.64E+03
& 32.06 1.81E+04 542.756 1.81E+04 5.43E+02
7 36.56 3.52E+03 355.94 3.525+03 3.56E+02
8 43.39 8.97E+02 376.47 8.97E+02 3.76E+02

: BASAS
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Analysis Report for ~ 1603050-01
GAS 1307
Peak  Energy Original Orig. Area Ambient Backgr. Corrected Corrected
No. (keV) Area Uncertainty Background Uncert. Area Uncert.
M 9 50.51 1.96E+04 607.24 1.96E+04 6.07E+02
m 10 59.56 4.69E+05 1488.50 4,69E+05  1,49E+03
M 11 67.58 2.06E+03 36l.61 2.06E+03 3.62E+02
m 12 70.32 1.68E+03 621.31 1.68E+03 6.21E+02
13 88.03 1.71E+0C5 981.15 1.71E+05 9,81E+02Z
14 98.61 4,92E+02 237.49 4.92E+02 2.37E+02
15 122.05 3.01E+04 514.08 3.01E+04 5.14E+02
16 136.42 3.97E+03 378.76 3.97E+03  3.79E+02
17 165.83 2.81E+03 283.45 2.81E+03 Z2.,93E+02
18 310.54 2.32E+02 237.50 2.32E+02 2.38E+02
19 391.65 7.13E+02 239.15 7.13E+02 2.3%E+02
20 583.16 1.71E+02 195.28 4,97E+0C 1.99E+00 1.66E+02 1.95E+02
21 661.69 1.14E+05 742.08 1.14E+05 7.42E+02
22 682.35 2.78E+02 222.63 2.78E+02  2.23E+02
23 771.68 1.88E+02 195.79 1.88E+02 1.96E+02
24 821.89 2.9%E+02 239.25 2.99E+02 2.39E+02
25 838.69 1.99E+02 209.52 1.99E+02 2.10E+02
26 897.89 6.22E+02 293.869 6.22E+02 2.94E+C2
27 958.68 3.04E+02 252.01 3.04E+02  2.5ZE+02
28 1153.13 1.30E+02 152.06 1.308+02 1.52E+02
29 1173.40 8.72E+04 652.38 8.72E+04 6.52E+02
30 1195.10 2.76E+02 163.84 2.76E+02 1.64E+02
31 1332.70 7.87E+04 583.11 7.87E+04 5.83E+02
M 32 134%8.47 7.53E+01 55.28 7.53E+C1 5.53E+01
m 33 1353.87 2.15E+02 122 .77 2.15E+02 1.23E+02
34 1366.31 5.03E+01 52.33 5.03E+01 5.23E+01
35 1574.35 5.54E+01 66.63 5.54E+01 6. 66E+01
36 1745.59 5.62E+01 67.59 5.62E+01 6.76E+01
37 1835.88 4.16E+02 90.43 4. 16E+02 9.04E+01
38 1844.28 3.56E+01 39.69 3.56E+01 3.97E+01
39 2228.36 4.51E+01 55.03 4,51E+01 5.50E+0%
40 2302.55 5.25E+01 43.27 5.25E+01 4.33E+401
41 2418.64 4. 77E+01 36.28 4.776+01  3.63E+01
42 2505.64 2.29E+03 100.59 2.29E+03 1.01E+02

M = First peak in a multiplet region

m = Other peak in a multiplet regicn
F = Fitted singlet
Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used

- WOR-GAMMA1\ApexRoot\CountroomiLibranA\TMAZ.NLB

IDENTIFIED NUCLIDES
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GAS 1307
Nuclide Name Iid Confidence  Energy (keV) Yield(%} Activity Activity
(pCi/grams) Uncertainty
Co-57 0.5836 122.06 % 85.51 1.39E+03 1.45E+02
136.48 * 10.60 1.56E+03 2.26E+02
COo-60 0.992 1173.22 * 100.00 2.64E+03 2.12E+02
1332.49 * 100.00 Z2.68E+03 2.36E+02
Y-88 C.652 8983.02 ~* 93.40 6.51E+03 3.14E+03
1836.01 * 99.38 7.80E+03 1.79E+03
CD-10¢ 0.978 88.03 * 3.72 5.70E+04 6.01E+03
SN-113 0.656 255.12 1.93
391.69 * 64.90 3.04E+03 1.05E+Q3
SN-126 0.967 87.57 * 37.00 1.32E+03 1.15E+02
Cs-137 1.000 661.65 * 85.12 1.72E+03 1.60E+02
CrE-139 0.775% 165,85 * 80.35 1.87E+03 2.74E+02
TM-171 0.881 66.72 * 0.14 1.11E+04 2.12E+03
; TL-208 0.311 583.14 % 30.22 5.918+00 6.95E+00
860 .37 4.48
2614.66 35.85
AM-241 1.000 59.5%54 * 35.90C 3.90E+03 2.82E+02
* = Energy line found in the spectrum.
- = Manually added nuclide.
7 = Manually edited nuciide.
Energy Tolerance :  1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma
UNIDENTIFIED PEAKS
Peak Locate Performed on ¢ 3/10/2016 5:38:23PM
Peak Locate From Channel o1
Peak Locate To Channel 4096
. Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS) Uncertainty Type Nuclide
M 1 12.08 4,13157E+01 0.53
m 2 14.88 8.83282E+00C 1.59
m 3 18.09 1.47074E+401 1.13
m 4 22.00 5.65502E+02 0.11
m 5 24.67 1.54429E+02 C.30 Tol. TH-231
6 32.06 1.00711E+01 1.50
7 36.56 1.95487E+00 5.06 Tol. PM-145
PM-145
8 43.39% 4.98441F-01 20.98
M 9 50.51 1.08919E+01 1.55 Tol. TE-132
TH-227
m 12 70.32 G,34492E-01 18.47

5
&
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Analysis Report for  1603050-01

GAS 1307
. Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS) Uncertainty Type Nuclide
14 98.61 2.73310E-01 24.14
18 310.54 1.28860E-01 51.20 D-Esc
22 682.35 1.54222E-01 40.10
23 771.68 1.04460E-01 52.06
24 821.89 1.66243F-01 39.98 S~Esc
25 838.6% 1.10571E-01 52.64
27 958.68 1.69035E-01 41.41
28 1153.13 7.20982E-02 58.58 Tol. EU~15%
30 1185.10 1.53524E-C1 29.64
M 32 1349.47 4,182228-02 36,72
m 33 1353.87 1.19718E-01 28.459
34 1366.31 2.79429E-02 52.02
35 1574.35 3.08005E-02 60.09
36 1745.59 3,.12216E-02 00.13
38 1844.28 1.97631E-02 55.7¢
39 2228.36 2.50397E-02 6l1.05 Sum
40 2302.55 2.91536E-02 41.22
41 2418.64 2.65134E-02 38.01 Sum
42 2505.64 1.27443E+00 2.19 Sum

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used : WOR-GAMMA t\ApexRocfiCountroomiLibrary\ TMAZ.NLB

IDENTIFIED NUCLIDES

Nuclide id Energy Yield(%) Activity Activity
Name Confidence (keV) {(pCi/grams) Uncertainty
COo~57 0.93 122.06 * 5.51 1.39E+03 1.45E+02
136.48 * 10.60 1.56E+03 2.26E+02
CO-60 0.99 1173.22 =+ 1C0.00 2.64E+03 2.12E+02
1332.49 * 100.00 2.68E+03 2.36E+02
Y-88 0.65 828.02 ~* 93.40 6.51E+03 3.148+03
1836.01 * 99.38 7.80E+03 1.79E+03
Cp-109 0.97 88.03 * 3.72 5.70E+04 6.01E+03
SN-113 0.65 255.12 1.93
3%1.69 * 64.90 3.04E+03 1.05E+03
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GAS 1307

Nuclide Id Energy Yield(%) Activity Activity
Name Confidence (keV) (pCi/grams) Uncertainty
SN-126 0.96 87.57 * 37.00 1.32E+03 1.15E+02
Cs-137 1.00 p6l.65 * 85.12 1.72E+03 1.60E+02
CE-139 0.77 165.85 * 80.35 1.87E+03 2.74E+402
™-171 0.88 66.72 * 0.14 1.11E+04 2.12E+03
TL-208 .31 583.14 % 30.22 5.91E+00 6.95E+00

860.37 4,48

2614.6%6 35.85
AM~-241 1.00 59.54 % 25.90 3.%0E+C3 2.82E+02

* = Energy line found in the spectrum.
- = Manually added nuclide.
7 = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name ) Id Activity Activity
Confidence (pCilgrams) Uncertainty
CO-57 0.936 1.448+03 1.22E+02
C0-60 0.99z2 2.66E+03 1.58E+02
Y-~88 0.652 7.48E+03 1.56E+03
? CD-109 0.978 5.70E+C4 6.01E+03
SN-113 0.65¢0 3.04E+4+03 1.05E+03
? SN-126 0.967 1.32E+403 1.,15E+02
cs5-137 1.000 1.72E+03 1.60E+02
CE-13¢ 0.775 1.87E+03 2.74E+02
T™-171 0.881 1.11E+04 2.12E+4+03
TL-208 0.311 5.915+00 6.95E+00
AM-241 1.0C0 3.9CE+03 2.82E+02

?
X
@

Errors quoted at 2.000sigma

nuclide is part of an undetermined solution

o

nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Aclivity

r@BILS
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| GAS 1307
UNIDENTIFIED PEAKS
Peak Locate Performed on : 3110/2016 5:38:23PM
Peak Locate From Channel i1
Peak Locate To Channel 1 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS)  yncertainty Type Nuclide
M 1 12.08 4,.131578+01 0.53
m 2 14.88 8.83282E4+00 1.59
m 3 18.09 1.47074E+01 1.13
m 4 22.00 5.65502E+02 .11
m 5 24.67 1.54429E+02 0.30 Tel. TH-231
6 32.0e6 1.00711E+01 1.50
1 36.56 1.95487E+00 5.06 Tol. PM-145
PM-145
43.39 4.98441E-01 20.98
M 9 50.51 1.08912E+01 1.55 Tol, TE-132
TH-227
m 12 70.32 9.344921-01 18.47
14 98.61 2.713310E-01 24.14
18 310.54 1.28860E-01 51.20 D-Esc
22 682.35 1.54222E-01 40.10
23 771.68 1.04460E-01 52.06
24 821.89 1.662438-01 39.98 S-Esc
25 838.69 1.10571E-01 52.64
271 958.¢68 1.69035E-01 41.41
28 1153.13 7.20982E-02 58.58 Tol. EU-156
30 1195.10 1.53524E-01 29.64
M 32 1349.47 4.18222E-02 36.72
I 33 1353.87 1.19718E-01 28.49
34 1366.31 2.794298-02 52.02
35 1574.35 3.08005E~02 60.08
36 1745.59 3.12216E-02 60.13
38 1844.28 1.97631E-02 55.79
39 2228.36 2.50397E-02 61.05 Sum
40 2302.55 2.91536E-02 41.22
41 2418.64 2.65134E-02 38.01 Sum
42 2505.64 1.27443E400 2.19 Sum
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Analysis Report for  1603050-01
GAS 1307
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Filted singlet
Errors quoted at 2.000sigma
NUCLIDE MDA REPORT
Nuclide Library Used * WOR-GAMMAT\ApexRoot\Countroom\Librar\ TMAZ2.NLB
Nuclide Energy Yield{%) Activity . Nuclide MDA Line MDA
Name (keV) (oCi/grams)  (pCi/grams} (pCi/grams)
. RE-7 477.59 10.42 1.16E+07 1.13E+07 1.13E+07
4 NA-22 1274 .54 99.94 1.55E-01 5.66E+00 5.66E+00
i @ NA-24 1368.53 9¢.99 1.00E+2¢6 1.00E+26 1.00E+26
@ 2754.09 99.86 1.00%+26 1.00E+26
+ AL-26 1808.65 99.76 1.93E+00 2.84E+00 2.84E+00
+ K-40 1460.81 10.67 1.14E+00 2.17E+01 2.17E401
t @ AR-41 1293.64 99.16 1.00E+26 1,00E+26 1.00E+286
+ TI-44 67.88 94.40 1.16E+00 1.59E+00C 1.68E+00
78.34 ¢6.00 1.39E+00 1.59E+00
3C-46 889.25 99,98 ~1.86E+03 1.99E+04 1.%9E+04
1120.51 99.99 4.19E+03 2.05E+04
+ v-48 983.52 99.98 -4.04E+18 1.02E+1¢ 2.13E+19
1312.10 97.50 1.00E+18 1.02E+19
CR-51 320.08 9.83 8.25E+10 1.10E+12 1.10E+12
MN-54 834.83 99,97 -2.85E+00 4.56E+01 4.56E+01
-CO-56 846.75 99.96 1.22E+C4 1.79E+04 3.01E+04
1037.75 14.03 2.75B+04 2.548+05
1238.25 67.00 3.098+03 2.73E+04
1771.,40 15.51 3.40E+04 1.C3E+05
2598.48 16.80 -7.63E403 1.79E+04
+ cQ-57 122.06 85.51 1.39E+03 2.88E+01 2.88E+01
136.48 10.60 1.56E+03 2.32E+02
- CC-58 810.76 99.40 -3.09E+04 7.42E+04 7.42E+04
+ FE-59 1088.22 56.50 -9,98E+06 2.7T7TE+07 &, 855407
1221.5¢6 43.20 3.128+06 2.77E+07
+ CO-60 1173.22 1¢0.00 2.64E+03 9.02E+00 1,39E+01
1332.49 1¢0.00 2.68E+03 9.02E+00
+ ZN~65 1115.52 50.75 1.398+02 2.09E+02 2.09E+02
+ @ GA-67 93.31 35.70 1.00FE+26 1.00E+26 1.00E+26
@ 208,95 2.24 1.00E+2¢6 1.00E+26
@ 300.22 16.00 1.00E+26 1.00E+26
+ SE-75 121.11 16.70 1.69E+05 8.06E+02 5.08E+03

BE3LD
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Analysis Reportfor  1603050-01
GAS 1307
Nuclide Energy Yield(%) Activity Nuclide MDA Line MDA
Name (keV) (eCilgrams)  (pCi/grams) (pCi/grams})
SE-T75 136.00 59.20 6.43E+03 8.06E+02 8.06E+02
264.65 59.80 -4.65E+02 1.01E+03
279.53 25.20 -1.76E+03 2.45FE+03
400.65 11.40 7.16E+02 7.28E+03
+ RB-82 776.52 13.00 -8.43E+11 1.32E+13 1.32E+13
+ RB-83 520.41 46,00 -5.02E+03 1.75E+04 1.75E+04
529.64 30.30 7.17E+03 2.60E+04
532 .65 16.40 2.81E+04 4.71E+04
- KR-85 513.99 0.43 -2.77E+02 8.24E+02 8.24E+02
+ SR-85 513.99 99,27 -3.72E+04 1.11E+05 1.11E+05
4 Y-88 898.02 93.40 6.51E+03 2.54E+03 5.01E+03
183¢.01 99.38 7.80E+03 2.54E+03
+ NB-93M 16.57 9.43 1.72E+04 1.276+03 1.27E+03
+ NB-94 702.63 100.00 -1.23E+00 3.97E+00 3.97E+00
871.10 1¢0.00 8.91E-C1 5.64E+00
+ NB-95 765.79 99.81 -3.52E+08 1.21E+05 1.21E+C%
+ @ NB-95M 235.68% 25.00 1.00E+26 1.00E+26 1.00E+26
+ ZR-95 724,18 43,70 -1.10E+05 3.278+05 3.88E+05
756,72 55.30 3.93E+04 3.27E+05
t R MO-95 181.06 6.20 1.00E+26 1.00E+26 1.00E+26
@ 739.58 12.80 1.00E+26 1.00E+26
@ 778.00 4.50 1.00E+26 1.00E+26
+ RU-103 497.08 89.00 5.20E+07 1.14E+08 1.14E+08
+ RU-106 621.84 2.80 -6.47E+01 2.29E+02 2.29F+02
i AG-108M 433.93 89.90 -1.71E+00 3.50E+00 3.50E+00
6l4.37 90.40 -7.485-01 3.93E+00
722.95 80.50 -3.75E+00 4.51E+00
+ CDh-109 88.03 3.72 5.70E+04 2.90E+02 2.90E+02
+ AG-110M 6€57.75 93.14 1.42E+01 1.24E+402 2.32E+02
677.61 i0.53 ~-1.98E+02 5.675+02
706.67 16.46 —-1.74E+02 3.68E+02
763.93 21.98 1.24E+02 3.05E+02
884.67 71.63 -2.31E+401 1.24E+C2
1384.27 23.94 -1.54E+01 1.63E+02
Cp-113M  263.70 0.02 2.44F+02 1.02E+04 1.02E+04
+ SN-113 255.12 1,93 -2.58E+04 1.64E+03 3.83E+04
391.69 64.90 3.04E+03 1.64E+C3
+ TEL23M 159.00 84.10 -1.09E+C2 4,845,402 4.848+02
4 sB-124 602,71 97.87 -4.24E+04 2.93E+05 2.93E+05
645,85 7.26 -4.37E+0¢6 4.15E+06
722.78 11.10 -2.48E+06 2.98E+06
1691.02 49,00 2.604E+05 4. 61E+05
+ I-125 35.49 £.49 1.67E+07 3.65E+06 3.65E4+06
SB-125 176.33 6.89 -2.05E+01 2.04E+01 4.,16E+01
427.89 29.33 -6.54E+00 2.04E+01
463.38 10.35  3.71E+C] 6.66E+01
600.5¢ 17.80 8.25E+00 3.83%+01
635.90 11.32 -2.948+01 6.29E+01
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GAS 1307

Nuciide Energy Yield(%) Activity Nuclide MDA Line MDA

Name (keV) (pCi/grams)  (pCi/grams) (pCi/grams)

+ @ sB-126 414.70 83.30 1.00E+26 1.00E+26 1.00E+26
@ €66.33 99.60 1.00E+26 1.00E+26

@ 695.C0 99.60 1.00E+26 1.00E+26

@ 720.50 53.80 1.00E+26 1.C0E+26

+ SN-126 87.57 37.00 1.32E+903  6.70E+0C  6.70E+00
+ @ SB-127 473.00 25.00 1.00E+26 1.00E+26 1.00E+26
@ 685.20 35.70 1.00E+26 1.00E+26

@ 783.80 14.70 1.00E+26 1.00E+26

+ I-129 29.78 57.00 -2.96E+02 6.77E+00  6.77E+0D
33.60 13.20 -2.93E+02 2.60E+01

39.58 7.52 -3.43E+01 2.65E+01

+ @ 1-131 284.30 6.05 1.00E+26  1.0CE+26  1.00E+26
@ 364.48 81.20 1.00E+26 1.00E+26

@ 636.97 7.26  1.00E+26 1.00E+26

@ 722.89 1.80 1.00B+26 1.00E+26

+ @ TE-132 4¢.72 13.10 1.00E+26 1.00E+26  1.00E+26
@ 228.1% 88.00C 1.00E+26 1.00E+26

+ BA-133 81.00 33.00  7.76E+00  4.90E+0C  5.29E+00
302.84 17.80  2.87E+00 1.46E+01

356.01 60.00 1.28E+20 4.90E+00

+ @ 1-133 529.87 86.30 1.00E+26  1.00E+26  1.00E+26
4 @ XE-133 8§1.00 38.C0 1.00E+26 1.00E+26  1.C0E+26
+ Cs-134 563.23 8.38 1.20E+60 8.89E+00  8.29E+01
569,32 15.43 -3.45E+01 4.47E+01

604.70 97.60 8.50E-0C1 8.89E+00

795.84 85.40 -9.%0E5-01 1.34E+01

801.93 8.73 -1.16E+01 1.34E+02

+ C5-135 268.24 16.00 -3.34E+00 1.29E+03  1.29E+C1
+ @ I-135 1131.51 22.50 1.00E+26 1.00E+2¢ 1.C0E+26
@ 1260.41 28.60 1.00E+26 1.00E+26

@ 1678.03 9.54 1.00E+26 1.00E+26

@ C5-136 153.22 7.46 1.00E+26 1.00E+26  1.00E+Z26
@ 163.89 4.61 1.00E+26 1.00E+26
@ 176.55 13.56  1.00E+26 1.00E+26

e 273.65 12.66  1.00E+26 1.00E+26

@ 340.57 48,50 1.00B+26 1.00E+26

@ 818.50 958.70 1.00E+26 1.00E+26

@ 1048.07 79.60 1.00E+26 1.00E+26

e 1235.34 1%.70 1.00E+26 1.00E+26
Cs5-137 661.65 g5.12 1.72E+03 7.74E+00 7.74E4+00
LA-138 788.74 34.00 5.195+00  3.76E+00  1.36E+C1
1435.80 66.00 -9.57E-02 3.76E+00

+ CE-139 165.85 80.35 1.878+03 3.01E+02 3.01E+02
+ @ BA-140 162.64 6.70 1.00E+26 1.00E+26 1.00E+26
@ 304.84 4.50 1.00E+26 1.00E+26
@ 423.70 3.20 1.00E+26 1.00E+26
@ 437.55 2.00 1.00E+Z6 1.00E+26
@ 537.32 25.00 1.00E+26 1.00E+26

1 @EZAT
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Analysis Report for ~ 1603050-01
GAS 1307
Nuclide Energy Yield(%) Activity Nuclide MDA Line MDA
Name (keV) (pCi/grams)  (pCi/grams} (pCi/grams)
“+ @ LA-140 328.77 20.50 1.00E+26 1.00E+286 1,00E+26
@ 487.03 45.50 1.00E+Z26 1.00E+26
@ 815.85 23.50 1.00E+26 1.00E+26
@ 1596.49 895 .4% 1.00E+26 1.00E+2%6
o+ CE-141 145.44 48.40 1.28E+08 3.52E+09 3.52E409
+ @ CE-143 57.36 11.80 1.00E+2¢6 1.00E+26 1.00E+26
@ 293.26 42,00 1.00E+26 1.00E+26
@ 664.55 5.20 1.00E+26 1.00E+26
+ CE-144 133.54 10.80 ~-1.02E+03 1.46E+02 1.46E+02
+ PM-144 476.78 42,00 5,46E+01 2.,35E+01 5.29E+01
618.01 98.60 1.068+01 2.35E+01
696.49 99.49 -3.06E+00 2.58E+01
+ PM-145 36.85 21.70 1.28F+02 7.40E+CO 1.39E+01
37.36 39.70 6.85E+01 7.40E+00
42.30 15.10 =-3.54E+01 1.498+01
72.490 2.31 1.35E+00 7.20E+01
b PM-146 453,90 39.94 2.12E+00 1.17E+01 1.17E+01
' 735,90 14.01  1.,03E+01 4,22E+01
747.13 13.10 -6.47E+00 4.56E+01
+ @ ND-147 91.11 28.90 1.00R+26 1.00E+26 1.00E+26
@ 531.02 13.10 1.00E+26 1.00E+26
+ @ PM-149 285.90 3.10 1.00E+26 1.00E+2¢ 1.00E+26
+ EU-152 121.78 20.50 5.33E+02 1.44E+01 1.61E+01
244.69 5.40 8.10E+00 4,.178+01
344,27 19.13 Z2.89E+00 1.44E+01
778.89 §.20 4.66E+01 5.70E+01
964.01 10.40 1.56E+01 7.47E+01
1085.78 7.22 2.13E+01 1.02E402
1112.02 9.60 2.43F+01 7.948+01
1407.95 14,94 5,57E+00 1.90E+01
< GD-153 97.43 31.30 9.98E+01 6.94E+01 6.94E+01
103.18 22,20 -3.50E+01 9.66E+01
+ EU-154 123.07 40,50 2.95E+02 8.,79E+00 8.79E+00
723.30 19.70 -2.10E+01 2.52E+01
873.19 11.50 1.91E+01 6.09E+01
996.32 10.30 -2.79E+01 7.44E+01
1004.76 17.90 -1.46E+01 4.31E+01
1274.45 35.50 2.64E-01 9.62E+00
+ EU-155 86.50 30.90 2.28E+03 9,09E+00 2.708+01
105.30 20.70 6,93E+00 8.09E+00C
+ EU-1556 811.77 10.40 -2.14E+18 1.17E+21 1.43E+21
1153.47 7.20 5.46E+20 2.17E+21
1230.71 8.90 9.48E+20 1.17E+21
+ HC-166M 184.41 72.60 -4.91E-01 2.195+00 2.198+00
280.45 29.60 -5.09E+00 7.09E+00
410.94 11.10 5,70E-01 2.60E+01
711.69 54,10 -8.15E-0C1 7.44E+00
+ ™-171 66.72 .14 1.11E+04 5.43E+03 5.43E+03
+ HF-172 81.75 4.52 -2.45E+01 3.02E+01 8.67E+01

Rk
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GAS 1307
Nuclide Energy Yield(7} Activity Nuclide MDA Line MDA
Name (keV) (pCifgrams) (pCi/grams) (pCi/grams)
HF-172 125.81 11.30 =7.27E+00 3.02E+01 3.02E+01
+ @ Lu-172 181.53 20.6C 1.00E+26 1.00E+26 1.00E+26
@ 810.06 16.63 1.00E+26 1.00E+26
@ 512.1Z2 15.25 1.00E+26 1.00E+26
[@ 1093.66 62.5C 1.002+26 1.00E+26
+ LUu-173 100.72 5.24 1.60E+01 3.81E+01 9.66E+01
272.11 21.20 4,71E+00 : 3.81E+01
HF-175 343.40 84,00 -2.43E+04 4.79E+04 4.79E+04
+ LU-176 88.34 13.30 3.66E+03 2.01E+0Q0 4,29E+01
201.83 86.00 -6.58E-01 2.01E+00
306.78 94.00 -9.81E-0GZ2 2.37E+00
+ TA-182 67.75 41.20 9.94E+02 1.44E+03 1.44E+03
1121.30 34.90 -1.58E+Q3 6.53E+03
1189.05 16.23 1.15E+403 1.14E+04
1221.41 26.98 2.918+03 5.11E+03
1231.02 11.44 7.79E+03 1.16E+04
+ IR-182 308.46 29.68 -2.35E+04 7.29E+04 7.54E+04
468.07 48,10 -8.07E+03 7.29E+04
+ HG-203 279.19 77.30 2.39E+C6 €.09E+06 6.09E+06
4 BI-207 569.67 97.72 -2.33E+C0 3.02E+00 3.02E+0D
1063.62 74,90 -8.55E-01 8.77E+00
"TL-208 583.14 30.22 5.91E+00 2.18E+00 1.14E+01
860.37 4.48 3.86E+01 1.24E+02
2614.66 35.85 7.56E-01 2.18E+0C
+ BI-210M 262.00 45.00 1.34E+80 4,52E+00 4 .52E+00
300.00 23.00 8.33E-01 5.43E+00
+ PB-210 46.50 4,25 ~9,855+02 5.95E+01 5.95E+01
+ PB-211 404 .84 2.8%0 -2.52E+01 9.748+01 9.74E+01
831.9¢6 2.90 1.65E+01 1.76E+02
+ BI-212 727,17 11.80 7.93E+00 3.47E+01 3.47E+01
1620.62 2.75 2.96E+01 1.03E+02
+ PBR-212 238.63 44,60 1.71E+00 4.43E+0Q0 4.43E+00
300.09 3.41 5.62E+00 6,36E+01
+ BI-214 609.31 46.30 4.30E+00 7.65E+00 7.65E+00
1120.29 15.10 8.195+00 4.00E+01
1764.49 15.80 -2.19E+00C 1.738+01
2204.,22 4.98 1.93E+01 5.64E+01
+ PB-214 295.21 19.19 -4.79E+00 6.62E+00 1.13E+01
351.92 37.19 2.73E+00 6.62E+00
+ RN-219 401.80C 6.50 3.20EB+401 4,34E+01 4.34E+01
+ RA-223 323.87 3.88 1.75E+01 5.%0E+01 5.90E+01
+ RA-224 240.98 3,95 -1.20E+01 4,.99E+01 4,99E+01
+ @ RA-225 40.00 31.00 1.00E+26 1.00E+2¢ 1.00E+2¢6
4 RA-226 186.21 3.28 3.21E+00 4,.97E+01 4.97E+01
+ TH-227 50.10 8.40 3.48E+02 1.70E+01 3.91E+01
236.00 11.8%0 -3.69E+00 1.70E+01
256.20 6.30 -5.56E+00 3.16E+01
+ AC-228 338.32 11.40 5,.44%+00 2.08E+01 2.08E+01
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Analysis Report for  1603050-01

GAS 1307
Nuclide Energy Yield{%) Activity Nuclide MDA Line MDA
Name (keV) (pCi/grams)  (pCi/grams) (pCifgrams)
AC-228 11.07 27.70 -48.74E+00 2.08E+01 2.27E+01
969.11 16.60 -1.64E+01 3.80E+01
3 TH-230 48,44 16.90 1.25E+402 1.87E+01 1.87E+01
62.85 4.60 -1.04FE+03 2.77E+01
67.67 0.37 2.87E+02 4. 17E+02
+ FPA-231 283.67 1.60 1.62E+01 9.47E+01 1.32E+C2
302.67 2.30 1.86E+01 9.47E4+01
i TH-~231 25.64 14.70 2.46E+04 2.25E+01 2.17E+02
84.21 6£.40 -1.27E+01 2.25E+01
+ PA-233 311.98 38.6C 3.77E+11 5.38E+11l 5.38E+11
+ PA-234 131.20 20.40 -~1.98E+00 6.22E+00 £.22E+00
733.99 8.80 1.02E+01 4.77E+01
946.00 12.00 1.14E+00 5.82E+01
+ PA-234M 1001.03 0.82 -2.08E+02 6.74E+02 6.74E+02
+ TH-234 63.29 3.80 ~1.26E+03 3.34E+01 3.34E+01
+ U-235 143.76 10.50 -=7.37E-01 1.26E4+01 1.26E+01
163.35 4.70 3.40E+00 3.12E+01
: 205.31 .70 1.35E+01 3.73E+01
+ NP-237 86.50 12.60 3.84E+03 4.54E+01 4.54E+01
i @ NP-239 106,10 22.10 1.00E4.6 1.00E+26 1.00E+26
@ 228.18 10.70 1.00E+26 1.00E+26
@ 277.60 14.10 1.002+206 1.00E+2¢6
F bM-241 59.54 35.90 3.50%8+03 1.57E+01 1.57E+01
+ AM-243 74,67 66,00 -1.77E+00 2.20E+00 2.20E+00
CM-243 209.75 3.29 -8.77E+0C 1.60E+01 5.85E+01
228.14 10.690 1.21E+01 1.94E+01
277.60 14.00 -1.10E+00 1.00E+01

+ = Nuclide idenified during the nuclide identification

*

2@ v
i

= Energy line found in the spectrum
MDA value not calculated

Half-ife too short to be able to perform the decay correction
CAUTION: MDA value is inconsistent with Currie MDA at 95% confidence level

NUCLIDE MDA REPORT

Nuclide Library Used

: WOR-GAMMAT\ApexRoot\Countroom\Librar " TMAZ.NLE

F EBR28
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Analysis Report for  1603050-01

GAS 1307
Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams}) (pCi/grams)  (pCi/grams) (pCi/grams)
BE-7 477.59 10.42 1.13E+07 1.13E+07 1.16E+407 5.60E+C6
NA-22 1274.54 99.94 5,66E+CD 5.66E+00 1.55E-01 2.778+00
B NA-24 1368.,53 99,99 1.00E+26 1.00E+26 1.0CE+26 1.00E+20
@ 2754.09 99.86 1.00E+26 1.00E+26 1.00E+20
AL-26 1808.865 99.76 2.84E+00 Z2.84E+00 1.93E+00 1.38E+00
K-40 1460.81 10.67 2.178+01 2.17E+01 1.14E+00 1.05E+01
@ AR-41 12%3.64 99.16 1.00E+26 1.00E+26 1.00E+26 1.00E+20
TI-44 67.88 94,40 1.48E+00 1.59E+C0 1.16E+00 8.37E-01
78.34 96.00 1.59E+00 1.3%E+00 7.8%E-01
SC-46 889.25 99.98 1.99E+04 1.9%E+04 -1.86E+03 9,90E+03
1120.51 99,99 2.05E+04 4,.1984+03 1.018+C4
V48 983.52 99.98 2.13E+19 1.02E+19 -4 .04E+18 1.06E+19
1312.10 §7.50 1.02E+19 1.00E+18 5.00E+18
CR-51 320.08 9.83 1.10E+12 1.10E+12 8.25E+10 5.45E+11
MN-54 834.83 99,97 4.,56E+C1 4_56E+01 -2.85E+00 2.26E+01
CC-56 846.75 96.96 3.01F+04 1.79E+04 1.228+04 1.49E+04
1037.75 14.03 2,54E+05 2.75E+04 1.26E+0%
1238.25 67.00 2.75E+04 3.09E+C3 1.35E+04
1771.40 15.51 1.03E+05 3,.40E+04 4,98E+04
25098.48 16.90 1.79E+04 ~T7.63E+03 7.24F+03
+ COo-57 122.06 85.51 2.88E+01 2.88E+01 1.3%E+03 1.43E+01
136.48 * 10.60 2.32E+02 1.56E+03 1.158+02
COo-58 810.76 89,40 7.42E+04 7.42E+04 ~3.09E+04 3.68FE4+04
FE-59 1099.22 56.50 4,95E+07 2.77E+07 -9.98E+06 2.46E+07
1291.56 43.20 2.77E+07 3.12E+06 1.35E+07
+ C0O-60 1173.22 * 100.00 1.3%E+01 9.02E+00 2.64E+03 6.90E+QC
1332.49 * 100.00 9.02E+00 2.68E+03 4,47E+00
ZN-65 1115.52 50.75 2.09E+02 2,.09E+02 1.39E+C2 1.04E+02
& Ga-67 93.31 35.70 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 208.95 2,24 1.00E+26 1.00E+26 1.00E+20
@ 300.22 16.00 1.00E+26 1.00E426 1.00E+20
SE-75 121.11 16.70 5.08E+03 8.065+02 1.695+05 2.53E+03
136.00 59.20 8.06E+02 6.43E4+03 4.015+02
264.65 59.80 1.01E+03 -4 . 65E+02 5.01E+02
279.53 25.20 2.45E+Q03 -1.76E+03 1.22E4+03
400,65 11.40 7.28E+03 7.16E+02 3,61E+03
RB-82 776.52 13.00 1.32E+13 1.32E+13 -8.43E+11 6.54E+12
RBE-83 520.41 46.00 1.75E+04 1.75E+04 -5.02E+03 8.69E+03
529.64 30.30 2.60E+04 7.17E+03 1.29E+04
552.65 16.40 4. 71E+(04 2.81E+04 2.33E+04
KR-85 513.99 0.43 8.24E+02 8.24E+02 -2.77TE+02 4.08E+02
SR-85 513.99 99.27 1.11E+05 1.11E+05 ~3,72E+C4 5.50E+04
+ Y-88 898.02 93.40 5.01E+03 2.54E+03 6.51E+03 2,.49E+03
1836.01 99,38 2.54E+03 7.80E+03 1.25E+03
NB-93M 16.57 9.43 1.27E+03 1.27E+03 1.728+04 6.34E+02
NB-94 702.63 100.00 3.97E4+00 3.97E+00 -1.23E+00 1.97E+00
871.10 100.00 5.64E+00 8.91E-01 2.80E+00
NB-95 765.7% 86.81 1.21E+409 1.215+09 -3.52E+08 5.995+08
@ NBR-95M 235.69 25.00 1,00E+20 1.0CE+26 1.00E+26 1.00E+20
ZR-95 724.18 43.70 3.88E+05 3.27E+05 -1.3i0E+05 1.93E+05
756.72 55.30 3.27E+05 3.93E+04 1.62E+05

BRI
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Aralysis Report for ~ 1603050-01

GAS 1307
Nuclide Energy Yield{%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) (pCi/grams)  (pCi/grams) (pCi/grams)
@ MC-99 181.06 6.20 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 739,58 12.80 1.00E+26 1.00E+26 1.00E+20
@ 778.00 4.50 1.0CE+26 1.00E+26 1.00E+20
RU-103 497.08 8¢.00 1.14E+08 1.14E+08 5.20E+07 5.688+07
RU-106 621.84 9.80 2.29E+02 2.29E+02 -6.47E+01 1.14E+02
AG-108M 433.93 89.90 3.50E+CO 3.50E+00 -1.71E+00 1.74E+00
614.37 90.40 3.935+00 -7.48E-01 1.95E+00
722.95 80.50 4,51E+00 -3.75E+00 2.23u+00
t Cbh-109 88.03 3.72 2.90E+02 2.90E+02 5.70E+04 1.44E+02
AG-110M 657.75 93.14 Z.32E+02 1.24E4+02 1.42E+01 1.16E+02
677.61 10.53 5.67E+02 -1.928E+02 2.81E+02
706.607 16.46 3.685+02 -1.74E+02 1.82E+02
763.93 21.98 3.05E+02 1.24E+02 1.51E+02
884.67 71.63 1.24E+02 -2.31E+01 6.16E+01
1384 .27 23.94 1.63E+02 -1.54E+01 7.93E401
Cb-113M 263.70 0,02 1.0ZE+04 1,.02E+04 2.44F4+02 5.05E+03
+ SN-113 255.12 1.93 3.83E+04 1.64E+03 -2.58E+04 1.90E+04
391.69%9 64 .90 1.64E+03 3.04E+03 8.16E+02
TE123M 159.00 84.10 4 . B4E+02 4,.84E+02 -1.09E+02 2.40E+02
sp-124 602.71 97.87 2.93E+05 2,.93E+05 -4 .24E+04 1.45E+05
£45.85 7,26 4.15E+06 -4, 37FE+06 2.06E+06
722,78 11.10 2.98E+06 -2.48E+06 1.48E+06
1691.02 49.00 4 61E+05 7 .64E+05 2.245+05
I-125 35.49 £.49 3.65E+06 3.65E+06 1.67E+Q7 1.82E+06
SE-125 176.33 6.89 4,16E+01 2.04E+01 -2.05E+01 2.06E+01
427,89 29,33 2.04E+01 -6.54E+00 1.01E+01
463.38 10.35 6.66E+01 3.71E+01 2.31E+01
600.56 17.80 3.83E+01 8.25E+00 1.90E+01
635.90C 11.32 6.,29E+01 -2.94E+01 3.12E+01
& SB-126 414.70 83.30 1.00E+2¢6 1.00E+26 1.00E+26 1.00E+20
@ 666.33 99.60 1.00E+26 1.00E+26 1.00E+20
@ 695.00 99.60 1.00E+26 1.00E+26 1.00E+20
@ 720.50 53.80 1.00E+26 1.00E+26 1.00E+20
+ SN-126 87.57 37.00 6.70E+00 6.70E+00 1.32E+03 3.34E+00
@ SB-127 473.00 25.00 1.00E+2¢ 1.00E+26 1,00E+26 1.00E+20
@ 685.20 35.70 1.00E+26 1.00E+2¢6 1.00E+20
G 783.80 1470 1.00E+26 1.00F+26 1.00E+20
1-129 29.78 57.00 6.77E4+00 6.77E+00 -2.96E+02 3.37E+C0
33.60 13.20 2.60E+01 -2.93E+02 1.29E+01
39.58 7.52 2.65E4+01 -3.43E+01 1.32E+01
@ r-131 284 .30 6.05 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 364.48 21.20 1.00E+26 1.00E+26 1.00E+20
@ 636.97 7.726 1.00E+26 1.00E+26 1.00E+20
@ 722.89 1.80 1.0CE+26 1.00E+26 1.00E+20
@ TE-132 49,72 13.10 1.00E+26 1.00E+26 1.00E+26 1.00E+20
8 228.16 88.00 1.00E+26 1.00E+26 1.00E+20
Ba-133 81.00 33.00 5.29E+00 4.9CE+00 T.76E+00 2.63E+00
302.84 17.80 1.46E+01 2.87E+00 7.25E+00
356.01 60.00 4.90E+0Q0 1.28E+00 2.43E+00
@ I-133 529.87 86.30 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ XE-133 81.00 38.00 1.00E+26 1.008+26 1.00E+26 1.00E+20
cs-134 563.23 8.38 8.29E+C1 8.89E+00C 1.20E+0C 4.108+01
565.32 15.43 4. 47E+01 ~3.45E+01 2.21E401
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GAS 1307

Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) {(pCi/lgrams)  (pCi/grams) {(pCi/grams)
Ccs-134 604.70 97.60 8.89E+00 8.89E+00 8.50E-01 4.408+00
795,84 85.40 1.348+01 -9.90E-01 6.66E+00
801.93 8.73 1.34E+02 -1.16E401 6.06E+01
C5-135 268.24 16.00 1.29E+01 1.29E+01 -3.34E+00 6.41E+00
@ 71-135 1131.51 22.50 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 1260.41 28.60 1.00E+26 1.00E+26 1.00E+20
@ 1678.03 9.54 1.00E+26 1.00E+26 1.00E+20
@ C5-136 153.22 7.46 1.00FE+26 1.0CE+26 1.00E+26 i.00E+20
@ 163.89 4.61 1.00E+26 1.00E+26 1.0CE+20
@ 176.55 13.56 1.005426 1.00E+2¢6 1.00E+20
@ 273.65 12.66 1.00E+26 i.00E+26 1.00E+20
@ 340.57 48,50 1.00E+26 1.00E+26 1.00E+20
@ 818.50 89.70 1.00E+26 1.00E+26 1.00E+20
@ 1048.07 79.60 1.00E+26 1.00E+26 1.C00E+20
@ 1235. 34 19.70 1.00E+2¢6 1.00E+26 1.00E+20
+ Cs5-137 661.65 85.12 7.74E+00 7.74E+4+00 1.72E+03 3.85E+00
LA-138 788.74 34,00 1.36E+01 3.76E+00 5.19E+00 6.76E+00
1435.80 66.00 3.76E+00 -9.57E-02 1.83E+0C
+ CE-139 165.85 80.35 3.01E+02 3,01E+02 1.87B+03 1.49+02
@ BpA-140 162.04 6,70 1.00E+26 1.00E+26 1.00E+26 1.00E+20
¢ 304.84 4,50 1.00E+256 1.00E+26 1.00E+20
@ 423.70 3.20 1.00E+28 1.00E+26 1.00E+20
@ 437.55 2.00 1.00E+26 1.00E+26 1.00E+20
@ 537.32 25.00 1.00E+26 1.00E+26 1.00E+20
@ LA-140 328.77 20.50 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 487.03 45,50 1.00E+26 1.00E+26 1.00E+20
@ 815.85 23.50 1.00E+26 1.00E+26 1.00E+20
@ 1596.,49 95,419 1.00E+26 1.00E+26 1.00E+20
CE-141 145.44 48.40 3.52E+09 3.52FR+09 1.28E+08 1.75E+09
R CE-143 57.36 i1.80 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 293.26 42,00 1.00E+26 1.00E+26 1.00E+20
@ 664.55 5,20 1.00E+2¢6 1.00E+26 1.00E+20
Cr-144 133.54 10.80 1.46E+02 1.46E+02 ~1.02E+03 7.28E+01
PM-144 476,78 42.00 5.298+01 2.35E+01 5.46E401 2.63FR+01
618.01 98.60 2.35E+01 1.06E+01 1.16E+01
696.49 99.49 2.58E+01 -3,.06E+00 1.288E+01
PM—-145 36.85 21.70 1.39E+01 7.40E4+00 1.28E+02 6.90E+00
37.36 39.70 7.40E+00 6,85E+01 3.68E+00
42 .30 15.10 1.49E+01 -3.54E+01 7.41E+00
72.40 2,31 7.20E+01 1.35E+00 3.58E+01
PM-146 453.90 39.94 1.175+01 1.17E+01 2.12E+00 5,83E+00
735.90 14.01 4,22B+01 1.03E+01 2.09E+01
747,13 13.10 4 .56B+01 -6.47E+00 2.26E+01
@ ND-147 91.11 28.90 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 531.02 13.10 1.00E+26 1.00E+26 1.008+20
g PM-149 285,90 3.10 1.00E+286 1.00E+26 1.00E+26 1.00E+20
EU-152 121.78 20,50 1.61E+01 1.44E+01 5.33E+02 8.00E+00
244.069 5.40 4,17E+01 8.10E+00 2.078+01
344 .27 19.13 1.44E+01 2.89%E400 7.14E+00
778.89 9.20 5,.70E+01 4,66E+01 2.83E+01
964,01 10.40 7.47E401 1.56E+01 3.71E+01
1085.78 7.22 1.02E+02 2.136+01 5.048+01
1112.02 9.60 7.94FE+01 Z2.,.43E+01 3.94FE+01

 BRD23
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GAS 1307
Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) (oCilgrams)  (pCilgrams) (pCi/grams)
EU-152 1407.95 14,94 1.90E+01 1.44E+01 5.57E+00 9.24E+00
GD-153 97.43 31.30 6.94F+01 6.94E+01 9.99E+01 3.45E+01
103,18 22.20 G,56E+01 -3.50E+01 4,80E+01
EU-154 123.07 40.50 8.79E+00 8.795+00 2.95E+02 4,38E+00
723.30 12.70 2.52B+01 -2.10E+01 1.25E+01
873.19 11.50 6.08E+C1 1.21E+01 3.02E401
996.32 10.3¢C 7.448+01 -2.79E+01 3.69E+01
1004.76 17.90 4.31E4+01 -1.46E+01 2.14E+01
1274 .45 35.50 9.62E+00 2.64E-01 4,70E+00
EU-155 86.50 30,90 2.70E+01 3,09E+00 2.28E+03 1.35E+01
105.30 20.70 9.09E+00 6.9%3E+00 4 ,52FE+00
BU-156 811.77 10.40 1.43E+21 1.17E+21 -2.,14E+18 7.10E+20
1153.47 7.20 2.178+21 5.465+20 1.07E+21
1230.71 8.90 1.17E+21 9.48E+20 5.74E+20
HO-166M 184.41 72.60 2.18E+00 2.19E+00 -4,91E-01 1.09E+00
280.45 29,60 7.09E+00 ~5.09E+00 3.52E+00
410,94 11.10 2.60E+01 5,.70E-01 1.29E+01
711.69 54,10 7.44FE+00 -8.15E-01 3.69E+00
b T™-171 66.72 * 0.14 5.43E403 5.43E+03 1.11E+04 2.71E+03
AF-172 81.75 4,52 8.67E4+01 3.02E4+01 -2.45E+01 4.31E+01
125.81 11,30 3,.02E+01 -7.278+00 1.50E+01
@ LU-172 181.53 20,60 1.00E+206 1.00E+26 1.00E+26 1.00E+20
@ 810.06 16.63 1.00E+26 1.00E+26 1.00E+20
€ 812.12 15.25 1.00E+26 1.0CE+26 1.00E+20
@ 1083.66 62.50 1.00E+26 1.00E+26 1.00E+20
LU-173 100.72 5.24 9.660E+01 3.81E+01 1.60E+01 4.80E+01
272.11 21.20 3.81E+01 4,.71E+00 1.89E+01
HF-175 343,40 84.00 4,79E+04 4.7%E+04 -2.438+04 2.37E+04
LO-176 88 .34 13.30 4,29E+01 2.01E+00 3.66E+03 2.14F+01
201.83 86.00 2.01E+0Q00 ~-6.58E-01 1.00E+00
306.78 94,00 2.378+00 -9,81E-02 1.17E+00
Ta-182 67.75 41.20 1.44E+03 1.44E+03 9,94E+02 7.18E+02
1121.30 34.90 6.53E+03 -1.58E+4+03 3.24E4+03
1189.05 16.23 1.14E+0C4 1.15E+03 5.62E+03
1221.41 26.98 5.11E+03 2.91E+03 2.51E+03
1231.02 11.44 1.16E+04 7.79E+03 5.68E+03
IR-192 308.46 29.68 7.54E+04 7.29E+04 -2.35E404 3.74E+04
468.07 48.10 7.29E+04 -8.07E+03 3.62E+04
HG-203 279.19 77.30 6.09E4+06 6.09E+06 2.39E+06 2.02E+0Q06
BI-207 569.67 97.72 3.02E+00 3.02E+00 -2 .33E+00C 1.50E+0Q0
1063.62 74.90 8.77E+00 -8.55E-01 4 35E+00
t TL-208 583.14 * 20.22 1.14E+01 2.18E+00 5.91E+00 5.65E+00
860.37 4.48 1.24E+02 3,86E+01 6.13E+01
2614.66 35.85 2.18E+00 7.56E~01 9.,46E-01
BI-210M 262.00 45.00 4,52E+00 4,52E+00 1.34E+00 2.25E+00
300.00 23.00 9.43E+00 8.33E-01 4,68E+00
PR-210 46.50 4.25 5.95E+01 5.95E4+01 -9, 958402 2.96E+01
PB-211 404.84 2.90 9.,74E+0Q1 9.74E+01 -2.52E+01 4,83E+01
831.96 2.90 1.76E+02 1.65E+01 8.75E+01
BI-21i2 727.17 11.80 3.47E+01 3.47E+01 7.93E+00 1.72E+01
1620.62 2.75 1.03E+02 2.96E+01 5.02E+01
PB-2172 238.63 44,60 4,43FE+00 4.43K+00 1.71E+00 2.20E+00
300.09 3.41 6.36E+01 5.62E+400 3.16E+01

: BEIEY
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Nuclide Energy Yield(%:) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCilgrams) (pCi/grams)  (pCi/grams) (pCilgrams}
BI-214 609.31 46.30 7.65E+00 7.65E+00 4.30E+C0 3.79E+00
1120.29 15.10 4,00E+01 8.19E+00 1.98E+01
1764.42 15.80 1.73E+01 -2 .19E+00 8.37E+00
2204.22 4.98 5.64F+01 1.93E+01 2.72E+01
PB-214 295.21 19.19 1.13E+01 6.62E+CC -4 ,7%E+00 5.61lE+0Q00
351.82 37.19% 6.62E+00 2.73E+00 3.29E+Q0
RN-219 401.80 6.50 4.34FE+01 4,34E+01 3.20E+01 2.16E+01
RA-223 323.87 3.88 5.30E+01 5.90E+01 1.75E+01 2.93E+01
RA-224 240.98 3.95 4,99E+01 4.99E+01 -1.208+01 2.48E+01
@ RA-225 40.00 31.00 1.00E+26 1.00E+26 1.00E+26 1.00E+20
RA-226 186.21 3.28 4.97E+01 4.97E+01 3.21E+00 2.47E+01
TH-227 50.10 8.40 3.91E+01 1.70E+01 3.48E+02 1.95E+01
236.00 11.50 1.70E+01 -3.69E+00 8.43E+00
256.20 6.30 3.16E+01 -5.56E+00 1.57E+01
AC~-228 338.32 11.40 2.08E+01 2.08E+01 5.44E+00 1.03E+01
911.07 27.70 2.27E+01 -6.74E+00 1.13E+01
569,11 16.60 3.86E+01 -1.64E+01 1.91E401
TH-230 48.44 16.90 1.87E+01 1.87E+C1 1.25E+02 %,31E+00
62.85 4.60 2.77E+01 -1.04E+03 1.37E+01
67.67 C.37 4,17E+02 2.87E+02 2.07E+02
PA-231 283.67 1.60 1.32B+02 9,47E+01 1.62E+01 6.56E+01
302.67 2.30 9.47E+01 1.86E+01 4.70E+01
TH-231 25.64 14.70 2.17E4+02 2.25E+01 2.46E+04 1.08E+02
g84.21 6.40 2.25E+01 ~1.27E+01 1.12E+01
PA-233 311.98 38.60 5.38E+11 5.38E+11 3.77E+11 2.67E+11
PR-234 131.20 20.40 6.225+00 6.22E+00 -1.98E+00 3.09E+00
733.99 g.80 4.77E+01 1.02E+01 2.37E+01
8456.00 12,00 5.82E+01 1.14E+00 2.89E+01
PA-234M 1001.03 0.92 6.74E+02 6.74E+02 -2.08E+02 3.34E+02
TH-234 63.29 3.80 3.34E+01. 3.34E+01 -1.26E+03 1.66E+01
U-235 143.76 10.50 1.265+01 1.26E+01 -7.37E-01 6.28E+00
163.35 4.70 3.12E+01 3.40E+00 1.55E+401
205.31 4,70 3.73E+01 1.35E4+01 1.85E+01
NP-237 86.50 12.60 4,54E401 4.54E+C1 3.84E+03 2.27E+01
@ NP-239 106.10 22.70 1.00E+26 1.00E+26 1.00E+26 1.00E+20
@ 228.18 10.70 1.00E+26 1.00E+26 1.00E+20
@ 277,60 14.10 1.00E+26 1.00E+26 1.00E+20
+ AM-241 59.54 35.90 1.57E+01 1.57E+01 3.90E+4+03 7.86E+00
AM-243 74.67 66.00 2.20E+00 2.20E+00 -1.77E+00 1.1CE+00C
CM-243 209.75 3.29 5.85E+01 1.60E+01 -8.,77E+00 2.90E+01
228.14 10.60 1.94E+01 1.21E+01 9.63E+00
277.60 14,00 1.60E+01 -1,10E+00 7.92E+00
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated :
@ = Halfife too short to be able to perform the decay correction
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No Action Level results available for reporting purposes.
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*****************-}r-}r****-}:**-k-)r-k**-k***********************

ok SPECTRAL DTATA REPGCGRT Fok kA

******-k-k**-k-k-k****'*-)r-k-k-k*********************************

Sample Title: GAS 1307
Elapsed Live time: 1800
Elapsed Real Time: 1889
Channel |------ | m | === | mmm | == === | ——==——= [~==———= | w=m I
1: 1 3 1 2 3 29 2971 6993
9: 5788 7068 18462 57660 51848 18435 21289 13935

17: 17269 28526 10124 21187 113880 827156 287854 53799
25: 241324 73992 9912 3016 3096 3316 5076 16319

32: 9002 3987 2991 5244 5411 3541 3023 31%¢6

41 3425 3813 4785 5133 4698 5067 6039 8621

A9: 13826 169586 14460 13933 ° 13390 13237 13326 13853

57: . 14332 15851 180277 323934 18235 2862 2835 3010

6h: 3351 3920 4371 4520 4459 4531 4490 4213
13 4102 4138 4012 3986 4229 4414 3929 4062

81: 4106 4060 3770 4010 4036 4021 17466 124279

89: 36517 2118 1900 1899 1921 1843 1792 1706

97 1829 1751 1969 1717 1582 1692 1870 1676
105: 1612 1718 1620 1596 1661 1691 1556 1674
113: 1639 1565 1536 1554 1591 1594 1579 1542
121: 4268 22900 7400 1370 1441 1368 1406 1357
129: 1392 1344 1365 1265 1381 1347 1430 3117
137 3216 1444 1314 1356 1313 1349 1345 1333
TAL: 1322 1338 1361 1329 1286 1265 1313 1310
T5H3: 1311 1240 1310 1261 1284 1257 1201 1303
161: 1290 1299 1246 1245 1917 3135 1531 1227
169: 1225 1274 1270 1143 1278 1341 1237 1243
1T 1214 1242 1301 1277 1334 1345 1359 1372
185 1479 1424 1468 1499 1501 1495 1459 1470
193: 1469 1410 1464 1407 1535 1450 1522 1510
201: 1469 1419 1465 1441 l4ao64 1465 1465 1439
209: 1449 1492 1542 1558 1538 1605 1592 1630
217 1648 1642 1671 1633 1546 1587 1650 1557
2250 1462 1505 1512 1602 1484 1424 1450 1474
233 1463 1420 1449 1518 147¢ 1481 1502 1479
247 : 1450 1398 1418 1461 1384 1377 1385 1387
249 1368 1333 1385 1425 1396 1366 1305 1349
257 1326 1384 1335 1330 1373 1422 1337 1318
S6h: 1332 1387 1347 1351 1329 1310 1386 1323
273 1291 1270 1292 1314 1335 1259 1302 1308
Z281: 1320 1249 1346 1242 1342 1254 1249 1372
289 1262 1243 1254 1293 1268 1232 1296 1194
297: 1320 1254 1221 1208 1213 1228 1165 1228
305: 1287 1211 1243 1241 1262 1372 1311 1258
313: 1183 1252 1198 1301 1146 1163 1206 1224
321: 1160 1193 1209 1237 1224 1180 1205 1226
379: 1184 1171 1201 1210 1235 1210 1194 1157
337 1153 1276 1256 1156 118> 1169 1197 1236
345 1117 1258 1178 1134 1181 1176 1213 1255
353: 1222 1177 1177 1ie4 1261 1156 1132 1233
361 1176 1170 1221 1152 1247 1212 1206 1255

CEsI2ET




‘hannel Data Report 3/10/2016 5:38:38 PM Page 2

369: 1235 1159 1196 1290 1193 1210 1133 1183
Sample Title: GAS 1307
“nannel|-—-—-—-—- [——=———~ fmmmm—— | ———=——= | === [ —————- j—————— === I
377 : 1250 1231 1208 1184 1188 1227 1255 1243
385 1231 1230 1220 1246 1196 1157 1558 1655
393: 1179 1213 1261 1237 1186 1232 1228 1251
L0010 1243 1271 1278 1257 1180 1277 1215 1257
4069: 1186 1272 1279 1323 1250 1240 1314 1297
A17: 1240 1346 1288 1282 1281 1304 1310 1330
425: 1390 1307 1298 1326 13269 1318 1359 1294
433: 1289 1363 1349 1330 1387 1370 1297 1336
447 : 1335 1360 1336 1389 1383 1467 1420 1396
449 1448 1426 1327 1392 1441 1411 1468 1396
4571 1449 1407 1447 1458 1527 1527 1447 1493
165: 1555 1462 1483 1538 1454 1496 1517 1436
AT3: 1481 1362 1474 1376 1287 1376 1186 1162
481 1160 11e7 1143 1042 1054 1034 996 1013
- 489: 1072 1043 1005 1079 1043 9695 1034 1038
L8 1034 972 876 404 1024 876 951 921
505: 905 895 903 940 944 930 996 930
513: 905 504 877 909 932 872 867 811
2l 879 811 884 842 734 796 797 803
529: 798 830 775 768 826 804 804 766
537 : 767 792 758 736 735 785 753 780
545: 738 716 718 696 735 746 060 712
553 718 713 666 635 710 659 674 690
5671 621 655 ©54 606 727 o087 615 654
569: 018 b6d 657 659 673 648 622 646
577 649 654 663 645 649 697 662 683
585 618 593 616 630 663 636 667 625
593: 610 624 648 651 677 646 613 652
601 6l2 664 046 627 620 656 646 671
509 038 664 620 637 625 617 621 607
617: 043 630 608 048 663 606 602 554
G2h: 623 656 605 661 633 635 635 632
633: 6lo 608 626 6l 658 647 622 668
6dl: 651 653 625 622 650 586 6l6 640
649 604 684 672 698 669 668 726 688
657 662 682 888 8184 51¢44 48953 7327 865
565 755 693 080 671 648 569 715 646
573 677 625 685 613 614 650 638 678
681: 674 710 709 657 607 625 6472 629
689: 588 014 613 594 021 613 563 pll
697 : 665 647 605 646 630 €43 601 606
705 586 615 608 005 636 645 601 621
713 610 607 628 634 627 650 651 608
171 627 607 557 641 573 585 656 594
129 628 617 610 629 622 634 640 645
737 670 614 044 635 632 021 623 606
745 630 614 659 645 630 635 642 657
153 0l7 630 611 644 634 664 623 597
1ol 621 672 641 059 643 603 633 023
169 634 667 666 701 652 625 624 652
FATA 683 667 652 663 685 692 671 608
T85 718 683 654 660 66bh 647 675 650
193 680 609 719 657 650 076 647 684

GG o




Channel Data Report 3/10/2016 5:38:38 PM Page 3

801: 653 702 702 670 717 748 660 685
Sample Title: GAS 1307

Channel | -=———- e | —————=~ [ | ——=——=~= | —=————- | ——=———= | =———=——— |
80%: 683 762 743 697 699 738 696 752
B17: 733 731 758 782 814 826 749 756
§25: 698 728 714 739 715 725 773 783
83%: 99 744 716 725 7477 786 805 721
841: 724 709 797 709 739 735 784 750
RAQ: 757 741 751 772 781 783 759 804
857 783 789 B34 806 794 808 846 829
BE5: 774 776 823 367 756 781 817 823
873 846 846 817 821 816 791 822 863
881« 812 825 840 840 909 868 810 gaz
889 830 855 855 880 858 842 907 906
£97: 1058 1140 1003 892 868 919 976 915
905: 903 899 953 918 899 911 901 982
913: 964 941 999 927 985 998 999 209%
220 952 952 973 1012 936 976 926 1017
929: 962 1010 988 1006 1026 1053 1005 1006
a37: 994 1005 1063 1052 1050 1047 1068 1081
945: 1081 1030 1028 1084 1113 1088 1078 1119
953: 1101 1056 1011 1067 1127 1083 1113 1068
9t 1075 1000 1044 8956 914 895 895 836
969: 858 821 833 850 807 ged 799 825
977 790 822 809 795 797 783 803 8le
985H: 798 826 819 800 753 750 759 808
293: 775 791 724 771 751 7473 763 769
10071 779 712 748 754 785 760 76C 791
180¢: 767 762 785 770 752 757 742 744
1017 736 708 750 708 727 752 710 781
1025: 751 746 753 709 698 740 686 699
T033: 719 708 705 7090 695 717 692 742
1047 673 725 685 679 681 716 704 686
1019: 699 740 651 725 665 662 724 686
1057 666 677 654 737 689 621 662 651
1065: 678 650 655 706 684 695 681 751
o3 690 - 708 655 a8 665 699 699 633
1081: 674 683 728 674 667 722 672 642
1089; 705 674 714 692 712 714 724 691
1097: 685 620 723 714 719 677 732 672
105 683 717 747 728 699 698 731 659
1113: 719 695 123 653 652 631 630 560
1121 563 501 466 482 480 510 530 462
1129: 493 459 472 418 449 428 azd 415
1137 436 420 463 444 397 400 441 422
TUAB: 419 404 394 402 i85 351 396 422
1153: 404 406 377 387 372 378 375 394
16T 400 368 409 366 369 428 402 410
11659 365 552 3604 22015 39697 20314 3316 533
1177 411 382 388 402 356 348 340 336
T RNb: 338 320 327 340 319 311 300 314
1193 325 321 323 276 286 246 223 279
1701: 216 225 228 231 221 227 191 205
1209 226 183 200 183 189 186 193 185
217 163 182 167 188 159 152 169 156
1225: 145 . 136 136 160 168 138 148 182

FBEEEs




Channel Data Report 3/10/2016 5:38:38 PM Page 4

1233: 133 131 128 146 139 128 113 153
Sample Title: GAS 1307
Chnannel|--—---- | ——————— | —————- | ——————- f————— | -—————- | ——=——— [ -——— = I
taAL: 117 124 132 113 123 107 103 106
1249: ile 123 103 117 104 90 121 116
1257 88 113 109 107 111 103 85 94
1265: 93 98 108 92 102 89 852 87
1273 88 52 100 84 85 78 96 i01
AR 100 101 83 103 73 B6 g8 100
1280: 90 94 107 86 68 96 86 g7
1297: G0 89 91 83 86 86 95 99
T 305: 92 109 100 105 103 86 95 91
1313: 99 99 105 93 91 109 116 107
T30 108 104 137 107 93 98 120 142
1329: 246 2074 14420 32765 23670 5573 646 146
1337: 140 128 139 125 123 128 118 125
1345; 123 115 81 126 113 101 132 93 -
1353 l4de 115 101 102 80 65 82 69
T361: g0 77 48 62 81 59 84 47
1369: 68 71 63 52 54 65 60 73
1377 65 02 52 72 60 03 78 70
M 59 55 6% 69 75 72 78 74
1393 50 6l 48 5% 67 59 65 55
1401 62 66 50 61 58 63 64 46
1409: 57 74 ol 49 5% 65 58 6l
1AL 58 6l 48 52 44 66 53 75
425 50 51 56 52 55 62 42 70
TA33: 56 52 53 59 ol 59 65 63
14471 59 51 53 o7 52 46 63 45
1449 56 56 57 00 46 51 53 51
TAST 33 59 55 55 46 46 51 46
TAeh: 46 45 52 46 46 56 50 59
TATS: 43 51 43 45 48 46 58 61
1481 55 56 57 61 42 41 45 41
1489 50 54 41 51 49 55 59 45
1497 57 6C 48 50 36 19 52 49
T505: 62 42 43 61 43 51 32 59
1513: 45 50 57 41 52 51 49 63
1521: 53 63 41 48 52 47 58 41
1529: 49 50 43 66 55 56 50 49
1537 h3 60 53 50 47 42 51 53
Tafth: 49 40 60 48 ol 38 49 60
155H3: 50 52 47 40 45 57 49 52
1h6l: 53 48 48 63 45 45 49 55
1569: 45 46 39 58 57 59 55 52
Yot 40) 45 41 47 46 49 51 43
1585: 41 35 44 40 38 37 49 51
1%93: 43 48 55 43 45 54 52 46
teul: 45 52 52 56 47 477 36 47
1609: 41 36 45 473 45 37 47 56
1e17: 40 53 40 cd 38 hi 51 44
1625: 38 58 42 47 31 54 36 50
1633 44 35 47 45 43 38 46 50
1641 44 44 49 51 38 40 41 49
1649: 42 52 41 41 38 40 50 45
Teh 42 45 46 35 43 31 37 42

BR=238
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42

GAS 1307

49

5:38:38 BM
55 38
46 45
39 41
38 41
38 52
40 39
37 43
38 40
34 44
43 32
30 34
41 35
39 38
38 36
46 33
42 31
32 43
55 29
37 24
31 43
29 41
77 52
50 29
31 37
44 31
32 48
30 43
33 37
38 40
30 28
44 35
40 33
31 47
40 33
26 33
36 34
36 37
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33 39
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30 28
34 28
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30 28
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36 21
23 30
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34 37
32 30
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12 25
15 23
12 18
15 13
18 15
18 16
20 14
10 10
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9 8
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5 5
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GAS 1307
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_—=Apex-Gamma

Analysis Report for  1603050-02
BLANK

3/10/2016  6:09:03PM

Page 1 of 23

GAMMA SPECTRUM ANALYSIS

Sample Identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started.

Procedure
Operator
Detector Name
Geometry

Live Time

Real Time

Dead Time

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels)
Identification Energy Tolerance

Energy Calibration Used Done On

Efficiency Calibration Used Done On
Efficiency Calibration Description

Sample Number

: 1603050-02
: BLANK
: SCIL

: 1.383E+01 grams
: Countroom

: 3M10/2016 5:06:18PM
1 3/10/2016  5:38:51PM

: GAS-1407 pCi
- Administrator

: GE2

. GAS-1407

- 1800.0 seccnds

. 1800.4 secends

: 0.02%

1 2.50
:1-4096

. 7 - 4098

- 1.000 keV

: 11/2f2014
: 10/25/2014

1 34267

PEAK-TO-TOTAL CALIBRATION REPORT

Peak-to-Total Efficiency Calibration Equation

e
3lufre

: RRE28




3/10/2016  6:09:03PM Page 2 of 23
Analysis Report for ~ 1603050-02

BLANK
PEAK LOCATE REPORT
Peak Locate Performed on - 3/10/2016 6:08:55PM
Peak Locate From Channel o1
Peak Locate To Channel : 4096
Peak Search Sensitivity 1 2.50
Peak No. Energy (keV) Centroid Channel Centroid Uncertainty - Peak Significance
1 22.14 22.25 0.0000 0.00
2 74,83 74,92 0.0000 0.00
3 91.98 92.06 0.co000 0.00
4 236.00 236.00 0.0000 0.00
5 239.13 239.13 0.0000 0.00C
o 351.86 351.890 0.000C 0.00
7 362.37 362,30 0.0000 0.00
8 416.63 406.53 0.0000 0.00
9 579.18 57%.00 0.0000 0.00
10 583.17 582.99 0.co000 0.00
11 609.38 609.19 0.0000 0.00
12 872.53 872.22 0.0000 0.00C
13 911.07 910.74 0.0000 0.00
14 945,41 945,07 0.0000 0.00
15 969.20 968.85 ¢.0000 0.00
16 1022.96 1022.59 0.0000 0.00
17 1166.52 1166.09 0.0000 0.00
18 1461.30 1460.78 0.0000 0.00
i 1898.80 18928.17 0.0000 0.00

? = Adjacent peak noted
Errors quoted at 2.000sigma

FBREas




M

M

3/10/2016  6:09:03PM Page 3 0f 23
Analysis Report for  1603050-02
BLANK
PEAK ANALYSIS REPORT
Peak Analysis Performed on © 3M0/2016 6:08:55PM
Peak Analysis From Channel o1
Peak Analysis To Channel 1 4096
Peak Energy ROI ROI Peak Net Peak Net Area  Confinuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 22.14 19 - 25 22.25 1.84E+02 78.97 S.86E+02 1.77
2 74.83 71 - 78 74.92 2.71E+02 140.03 3.10E+03 7.18
3 91.98 88 - 95 92.06 1.71E+02 113.26 2.02E+03 3.83
4 236.00 235 - 250 236.00 7.29E+00 8.54 1.83E+01 1.28
5 239,13 235- 250 239.13 4.54E+01 19.49 4.03E+01 1.41
6 351.86 347 - 355 351.80 3.93E401 12.75 3.53E+01 2.5%
7 362.37 356 - 36° 362.30 3.718+01 24.31 4,98E+01 10.61
8 406.63 401 - 414 406.53 2.90E+01 24.9%0 5.60E+01 9.73
9 579.18 578 - 591 579.00 7.36E+00 3.08 3.92E+00 1.67
i0 583.17 578 - 591 582.99 Z2.30E+01 13.78 1.83E+01 1.84
11 609.38 605~ 614 602.19 2.61E+01 20.93 4. 17E+01 2.62
12 872.53 869 - 874 872.22 7.50E+00 6.71 3.00E+00 1.79
13 911.07 908 - @213 910.74 8.70E+00 7.00 2.60E+0C 2.26
14 945.41 941 - 949 $45.07 8.64E+00 8.02 4, 13E+00 1.56
15 962.20 967 - 971 968.85 5.508+00 6.67 5.00E+00 1.31
16 1022.96 1019 - 1025 1022.59 8.30E+00 7.23 3.40E+00 2.85
17 1166.52 1161 - 1172 11€6.09 1.09E+01 13.71 1.818+01 2.78
18 1461.30 1455 - 1465 1460.78 4.72E+01 15.17 5.68E+00 3.14
19 1898.80 1894 - 1800 1898.17 6.00E+00 4.9%0 0.00E+0C 1.98
M = First peak in a muitiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
PEAK ANALYSIS REPORT

Peak Analysis Performed on

Peak Analysis From Channel
Peak Analysis To Channel

. 3/10/2016 6:08:55PM

o
- 4096

@E3uD




3/10/2016  6:09:03PM Page 4 of 23
Analysis Report for ~ 1803050-02
BLANK
Peak Energy RO! ROI Net Peak Net Area Continuum Critical
No. (keV) start end Area Uncertainty Counts Level
1 22.14 19 - 25 1.84E+02 78.97 9.86E+02 6.10E+01
2 74.83 71 - 78 2.71E+02 140.03 3.10E+03 1.12E+02
3 91.9%8 88 - 95 1.71E+02 113.26 2.02E+03 8.06E+01
M 4 236.00 235 - 250 7.29E+CO 8.54 1.83E+01 7.03E+00
m 5 239.13 235 - 250 4.54E+01 19.4%9 4.03E+01 1.04E+01
6 351.8¢6 347 - 355 3.93E+01 19.75 3.53E+01 1.25E+01
7 362.37 356 - 369 3.71E+01 24,31 4.98E+01 1.73E+0C1
8 406.62 401 - 414 2.90E+01 24.90 5.60E+01 1.85E+01
M 9 579.18 578 - 591 7.36E+00 3.08 3.92E+00 3.26E+00
m 10 583.17 578 - 591 2.30E+01 13.78 1.83E+01 7.03E+00
11 609.38 605 - 614 2.61E+01 20.93 4.175+01 1.50E+01
12 872.53 869 - 874 7.50E+00 6.71 3.00E+00 3.18E+00
13 911.07 908 - 913 8.70E+00 7.00 2.60E+0Q0 3.10E+0Q0
14 945.41 941 - 349 8.64E+00 8.02 4 ,73E+00 4.48E+C0
15 969.20 967 - 971 5.50E+00 6.67 5.00E+CO 3.90E+00
ile 1022.96 1019- 1025 8.30E+00 7.23 3.40E+00 3.59E+00
17 1166.52 1161 - 1172 1.09E+0C1 13.71 1.81E+01 9.87E+00
18 1461.30 1455 - 1465 4.72E+01 15.17 5.68E+0Q0 5.30E+0Q0
19 1898,80 1894 -~ 190C 6.00E+00 4.90 0.00E+00 0.00E+00
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 2.000sigma
PEAK WITH NID REPORT

Peak Analysis Performed on

 3/10/2016 6:08:55PM

Peak Analysis From Channel
Peak Analysis To Channel

Tentative NID Library

01
. 4006

. WOR-GAMMA1\ApexRoofiCountroomiLibrarA\TMAZ.NLB

Peak Match Tolerance ; 1.000 keV
Peak Energy ROI ROI Peak Net Peak Net Area Continuum Tentative
No. (keV) start end Centroid Area Uncertainty Counts Nuclide
1 22.14 19 - 25 22.25 1.84E+02 78.97 9.86E+02 .....
2 74.83 71 - 78 74,92 2.71E+02 140,03 3,.10E+03 AM-243
3 91.98 88 - G5 92.06 1.71E+02 113.26 2.02E+03 ND-147
M | 236.00 235 - 250 236.00 7.29E+00 8.54 1.83E+01 TH-227
NB-95M
m 5 239.13 235 - 250 239,13 4,54E+01 19.49 4.03E+01 PB-212
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BLANK
Peak Energy ROI ROI Peak Net Peak Net Area Continuum Tentative
No. {keV) start end Centroid Area  Uncertainty Counts Nuclide
5 351.86 347 - 355 351.80 3.93E+01 19.75 3.53E+01 PB-214
7 362.37 356 - 3638 362.30 3.71E+01 24,31 4.98E+01 .....
8 406.63 401 - 414 406.53 2.90E+01 24.90 5.60E+01 .....
M 9 579.18 578 - 591 579.00 7.36E+00 3.08 3.92E+00 .....
m 10 583.17 578 - 591 582.99 2.30E+01 13.78 1.83R+01 TL-208
11 609.38 605 — 614 609.192 2.61E+01 20.93 4.17E+01 BI-214
12 872.53 869 - 874 872.22 7.50E+00 6.71 3.008+00 EU-154
13 911.07 %08 - 913 910.74 8.70E+00 7.00 2.60E+00 AC-228
14 945.41 9417 - 94% 945,07 8.64E+0C 8.02 4,738+00 PA-234
15 969.20 9e7 - 971 968.85 5.50E+00 6.67 5.00E+00 AC-228
16 1022.96 1019- 1025 1022.5% 8.30E+00 7.23 3.40E+00 .....
17 1166.52 1161 - 1172 1166.09 1.09E+01 13.71 1.81E+01 .....
18 1461.30 1455~ 1465 1460.78 4.72E+01 15.17 5.68E+00 K-40
19 1898 .80 1894 - 1800 1898.17 6.00E+00 4,90 0.00E+00 .....
M = First peak in a multiplet region
m = Other peak in a muliiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
PEAK EFFICIENCY REPORT
Peak Analysis Performed on : 3/10/2016 6:08:55PM
Peak Energy Net Peak Net Area Peak Efficiency
No. (keV) Area Uncertainty Efficiency Uncertainty
1 22.14 1.84E+02 78.97 1.85E-02 9.36E-03
2 74.83 2.71E+02 140.03 1.36E-01 1.06E-02
3 91.98 1.71E+Q2 113.26 1.34E-01 1.18E-02
M 4 236.00 7.29E4+00 8.54 7.92E-02 7.49E-03
m 5 239.13 4.54E+01 19.49 7.84E-02 7.35E-03
6 351.86 3.93E+0C1 19.75 5.70E-02 4,65E-03
7 362,37 C3.71E+01 24.31 5,56E-02 4.51E-03
8 406.63 2.90E+01 24.50 5.02E-02 4.04E~03
M 9 579.18 7.36E+00 3.08 3.61E-02 3.30E-03
m 10 583,17 2.30E+01 13.78 3.59E~02 3.28E-03
11 609.38 2.61E+01 20.93 3.44E-02 3.17E-03
12 B72.53 7.50E+00 6.71 2.42E-02 2.35E-03
13 911.07 8.70E+00 7.00 2.328-02 2.24E-03
14 g45.41 8.64E+00 8.02 2.23E-02 2.14E-03
15 869.20C 5.50E+CO 6.67 2.18E-02 2.07E-03
16 1022.96 8.30E+00 7.23 2.075-02 1,918-03
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Peak Energy Net Peak Net Area Peak Efficiency
No. {keV) Area Uncertainty Efficiency Uncertainty
17 1166.52 1.09E+01 13.71 1.82E-02 1.47E-03
i8 1461.30 4,72E+01 15.17 1.48E-02 1.2%9E-03
i9 1898.80 6.00E+0CO 4.90 1.20E-02 9.22E-04
M = First peak in a multiplet region
m = Cther peak in a multiplet region
F = Fitted singlet
Errors quoted at  2.000 sigma
Peak Analysis Performed on 1 3/10/2016 6:08:55PM
Env. Background File . WOR-GAMMA\ApexRoof\Countroom\Data\0000033933.CNF
Peak Energy Original Orig. Area Ambient Backgr.  Subtracted Subtracted
No (keV) Area Uncertainty Background Uncert. Area Uncert.
1 22.14 1.84E+02 78.97 1.84E+02 7.90E+01
2 74.83 2.71E+02 140.03 2.71E+02 1,.40E+02
3 91.98 1.71E4+02 113.26 3.72E+401 6,.47E+00 1.34E4+02 1.13E+02
M 4 236.00 7.298+00 8.54 7.29E+00 8.54E+00
m 5 239.13 4,.545+01 19.49 7.68E+00 3.58E+00 3.78E+01 1.98E+01
6 351.8%6 2.93E+01 19.75 1.06E+01 2.73E+00 2.87E+01 1.929E+01
7 362,37 3.71E+01 24.31 3.71E+C1 2,.43E+01
8 406.63 2.90E+01 24.90 2.90E+01 2.49E4+01
M 9 579.18 7.368+00 3.08 7.36E+00 3.08E+00
m 10 583.17 2.30E+01 13.78 4,97E+00 1.99E+00 1.81E+01 1.39E+01
11 60%.38 2.61E+01 20.983 7.68E+00 2.24E+00 1.,.858+01 2.10E+01
12 872.53 7.50E+00 6.71 7.50E+00 6,71E+00
13 911.07 8.70E+00 7.00 1.61E+00 1.66E+00 7.09E+00 7.198+00
14 945.41 8.64E+00 8.02 8.64E+00 8.02E+00
i5 969.20 5.50E+00C 6.67 6.00E-01 1.40E+00 4.90E+CD 6.82E+00
16 1022.96 8.30E+00 7.23 8.30E+00 7.23E+00
17 1166.52 1.09E+01 13.71 1.09E+01 1.37E+01
18 1461.30 4.72E+01 15.17 5.50E+0Q0 1.23E+0C 4.17E+01 1.52E+01
12 1898.80 §.00E+00 4.90 §.00E+00 4.90E+00

M = First peak in a multiplet region
m = Other peak in a multiplet region

F = Fitted singlet

Errors quoted at 2.000sigma

C BAIUs
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AREA CORRECTION REPORT
REFERENCE PEAK /BKG. SUBTRACT

Peak Analysis Performed on . 3/10/2016 6:08:55PM

Ref. Peak Energy ; 0.00 Reference Date

Peak Ratio : 0.00 Uncertainty - 0.60
Background File : \\OR—GAMMA1\ApexRoot\Couniroom\Data\0000033933.CNF

Corrected Area is: Original * Peak Ratio - Background

Peak  Energy Qriginal Orig. Area Ambient Backgr. Corrected Corrected
No. (keV) Area  Uncertainty Background Uncert. Area Uncert.

1 22.14 1.84E+Q2 78.97 1.84E+02 7.9%0E+01

2 74.83 2.71E+02 140.03 2.71E+02 1.40E+02

3 91.98 1.71E+02 113.26 3.72E+01 6.47E+00  1.34B+02  1.13E+02

M 4 23€.00 7.29E+00 8.54 7.22E+00 8.54E+00
m 5 23%.13 4.54E+01 19.49 7.68E+00 3.58E+00 3.78E+01 1.%8E+01
6 351.8%6 3.93E+401 19.75 1.0eE+01 2.73E+00 2.87E+01 1.99E+01

7 362.37 3.71E+01 24.31 3.71E+01 2.43E+01

8 406.63 2.90E+01 24.90 2.90E+01 2.49E+01

M 9 578.18 7.36E+00 3.08 7.36E+00 3.08E+00
m 10 583.17 2.30E+01 13.78 4,.97E+00 1.99E+00 1.81E+01 1,39E+01
11 609.38 2.61E+01 20.93 7.68E+00 2.24E+00 1.85E+01 2.10E+01

12 872.53 7.50E+00 6.71 7.50E+00 6.71LE+00

13 911.07 8.70E+00 7.00 1.61E+00 1.66E+00 7.098+00 7.19E+00

14 945.41 8.64E+00 8.02 8.64E+00 8.02E+0C0

15 969.20 5.50E+0C 6.67 6.00E-01 1.40E+00 4,90E+00 6.82E+00

16 1022.5%6 8.30E+00 7.23 8.30E+00 7.23E+00

17 1166.5%2 1.09E+01 13.71 1.09E+01 1.37E+01

18 1461.30 4 .72E+01 15.17 5.50E+C0 1.23E+00C 4.17E+01 1.52E+01

19 1898.80 6.00E+00 4.90 6.00E+00  4.920E+0C

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 2.000sigma

NUCLIDE IDENTIFICATION REPORT

Nuclide Library Used . \OR-GAMMATWApexRooi\CountroomiLibran\TMA2.NLB

IDENTIFIED NUCLIDES
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Nuclide Name id Confidence  Energy (keV) Yield(%s) Activity Activity
(pCifgrams) Uncertainty
K-40 0.%62 1460.81 10.67 2.86E+01 1.08E+01
NB-95M 0.985 235.69 25.00 4.02E-01 4,73E-01
ND-147 0.604 51.11 28.90 3.78E+00 3.21E+00
531.02 13.10
TL-208 0.311 583.14 30.22 1.81E+0C 1.40E+00
860.37 4._48
2614.66 35.85
PB-212 0.859 238.63 44,60 1.17E+00 6.25E-01
300.09 3,41
RI-214 0.459 609.31 46,30 1.26E+00 1.44%+C0
1120.29 15.10
1764.49 15.80
2204.22 4,98
PB-214 0.428 295.21 19.19
351.92 37.19 1.47+00 1.035+00
AC-228 0.530 338.32 11.4¢0C
811.07 27.70 1.20E+C0 1.22E+00
569.11 16.60 1.47E+00C 2.05E+00
AM-2473 0.996 74.67 66.00 3.278+00 1.71E+00
* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma
UNIDENTIFIED PEAKS
Peak Locate Performed on © 3M0/2016 6:08:55PM
Peak Locate From Channel o1
Peak Locate To Channel 1 4096
p Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS) Uncertainty Type Nuclide
1 22.14 1.02215E-C1 21.46
7 362.37 2.060485-02 32.77
8 406.63 1.61111E-02 42.93
M 9 579.18 4,08684E~03 20.95%
12 872.53 4.16667E-03 44,72 Tol. EU-154
14 945,41 4,79798E-03 16.41 Tol. PA-234
le 1022.96 4.61111E-03 43.54
17 1166.52 6.06944E-03 62.75 Sum
19 1898.80 3.33333E-03 40.82

I BEZIUS
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M = First peak in a muitiplet regicn
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Nuclide Library Used . WOR-GAMMA1\ApexRoot\CountroomiLibrary\TMA2. NLB
IDENTIFIED NUCLIDES
Nuclide id Energy Yield{%) Activity Activity
Name Confidence {keV) (pCi/grams) Uncertainty
K-40 0.95% 1460.81 * 10.67 2.86E+01 1.08E+01
NE-95M 0.98 235.69 ~ 25.00 4.028-01 4.73E-01
ND-147 0.60 %91.11 * 28.9¢C 3.78E+00 3.21E+00
531.02 13.10
1'L-208 0.31 583.14 * 30.22 1.81E+00 1.40E+00
860,37 4.48
2614.66 35.85
PB-212 0.85 238.63 * 44,60 1.17E+C0 6.25E-01
300.09 3.41
BI-214 0.45 609.31 * 46.30 1.26E+00 1.448+00
1120.29 15.10
1764.49 15.80
2204.22 4,98
PB-214 0.42 285.21 19.19
351.92 * 37.19 1.47E+00 1.038+00
AC-228 0.532 338.32 11.40
911.07 * 27.70 1.20E+00 1.22E+00
969.11 * 16.60 1.478+00 2.05E+00
AM~243 0.99 T74.67 * 66.00 3.27E+00 1.71E+00

* = Energy line found in the spectrum.
- = Manually added nuclide.
? = Manually edited nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerance : 1.000 keV
Nuclide confidence index threshold = 0.30
Errors quoted at 2.000sigma

| BABUE




Analysis Report for  1603050-02
BLANK

3/10/2016

5:09:03PM

Page 10 0f 23

INTERFERENCE CORRECTED REPORT

Nuclide Nuclide Wt mean Wt mean Comments
Name d Activity Activity
Confidence (pCilgrams) Uncertainty
K-40 0.962 2.86E+4+01 1.08E+4+01
NB-95M 0.985 4,02E-01 4,73E-01
ND-147 0.604 3.78E+00 3.21E+00
TL-208 0.311 1.81E+00 1.40E+00
PB-212 0.859 1.17E+00 6.25E-01
BI-214 0.459 1.26E+00 1.44E+00
PBE-214 0.428 1.478+00 1.03E+00
AC-228 0,530 1.275+00 1.05E+00
AM-243 0.9%9%6 3.27E+00 1.718+00

?
X
@

Errors quoted at 2.000sigma

n noi

nuclide is part of an undetermined solution
nuclide rejected by the interference analysis
nuclide contains energy lines not used in Weighted Mean Activity
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UNIDENTIFIED PEAKS
Peak Locate Performed on © 3/10/2016  6:08:55PM
Peak Locate From Channel o1
Peak |.ocate To Channel : 4096
Peak CPS (%) Peak Tolerance
Peak No. Energy (keV) Peak Size (CPS}  ypncertainty Type Nuclide
1 22.14 1.02215E-01 21.4¢
7 362.37 2.06048E-02 32.77
8 406.63 1.61111E-0C2 42.93
M 9 579.18 4.08684E~03 20.95
12 872.53 4.16667E-03 44 .72 Tel. EU-154
14 245,41 4.79798E-03 46.41 Tcl. PA-234
16 1C22.96 4.61111E-03 43.54
17 1166.52 6.06944E-03 62.75 Sum
19 1898.80 3.33333E-03 40.82
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet ‘
Errors quoted at 2.000slgma
Nuclide Library Used : WOR-GAMMAT\ApexRoot\CountreomiLibranATMAZ.NLB
Nuclide Energy Yield(%s) Activity Nuclide VDA Line MDA
Name (keV) {pCi/grams) (pCilgrams) (pCi/grams)
+ BE-7 477,59 10.42 1.81E+00 4.84E+00 4.845+00
NA-22 1274.54 99.94 1.62E-01 9.14E-01 9.148-01
1 NA-24 1368.53 99,99 7.17E-02 7.72E-01 7.72E-01
2754.09 99.86 2.23E-01 1.04E+00
+ AL~26 1808.65 99.76 -8.73E-02 8.11E-01 8.11E-01
+ K~-40 1460.81 10.67 2.86E+01 1.10E+01 1.10E+01
+ AR-41 1293.64 99.16 0.C0E+00 8.29E-01 8.29E-01
+- TI-44 67.88 94.40 -3.20E-01 8.21E-01 8.21E-01

CEESNE
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Nuclide Energy Yield(%s) Activity Nuclide MDA Line MDA
Name (keV) (oCilgrams)  (pCi/grams) (pCi/grams)
TI-44 78.34 96.00 5.24E-01 8.21E-01 1.01E+00
+ 5C-46 889.25 99.98 -9.15E-02 5.49E-01 5.49E-01
1120.51 8%.99 6.88E-02 9.565-01
+ V-48 983.52 99.98 1.01E-01 8.02E-01 8.02E-01
1312.10 97.50 -4.27E-03 1.08E+00
+ CR-51 320.08 9,83 -1.41E+00 4.47E+00 4.47E+00
w MN-54 834.83 29.87 1.03E-01 7.49E-01 7.49E-01
+ Cco-56 846.75 99,96 -6.9%4-02 7.91E-01 7.91E-01
1037.75 14.03 1.335+00 5.70E+00
1238.25 67.00 C.0CE+00 1.49E+00
1771.4¢C 15.51 -3.04E+00 5.13E+00
2598.48 16,380 -2.72E+00 4.61E+00
+ COo-57 122.06 85.51 2.23E-01 3.97E-C1 3.97E-01
136.48 10.60 2.97E-01 3.01E+00
+ CO-58 81C.76 99,40 2.10E-02 7.32E-01 7.328-01
+ FE-59 1099.22 56.50 -3.99E-0C1 1.07E+00 1.075+00
1291.56 43,20 -6.07E-01 1.12E+00
+ CO-60 1173.22 100.00 1.50E-01 5.98E-01 9.98E-01
1332.49 100.00 3.52E-01 1.12E+00
+ ZN-65 1115.52 50.75 -4.08E-01 1.35E+C0 1.35E+C0
+ GA-67 93.31 35.70 2.99E+00 2.81E+00 3.00E+0C
208.95 2.24 2.62E+00 1.72E+01
300.22 16.00 5.3%E-01 2.81E+00
+: SE-75 121.11 16.70 1.07E+00 5.02E-01 2.07E+00
136.00 59.20 -2.76E-01 5.02E-01
264.65 59.80 4.19E-01 7,48E-01
279.53 25.20 -2.58E-01 1.67E+00
400.65 11.40 6.24E-02 4.20E+00
i RB-82 776.52 13.00 1.18E+00 €.00E+00 €.00E+00
3 RB-83 520.41 46.00 -1.50E-01 1.19E+00 1.19E+00
529.64 30.30 4.10E-01 1.65E+00
552.65 16.40 -8.76E-01 2.78E+00
t KR-85 513.98% 0.43 -3.68E+01 1.42E+02 1.42E+02
+ SR-85 513.99 99,27 -1.61E-01 6.21E-01 6.21E-01
+ Y-88 898.02 93.40 -2.84E-01 €.97E-01 €£.97E-01
1836.01 99.38 4.43E-01 1.16E+00
+ NB-93M 16.57 9.43 1.28E+02 2.09E+02 2.09E+02
+ NB-94 702.63 1¢0.00 1.95E-0C1 7.47E-01 8.52E-01
871.10 100.00 8.96E-02 7.47E-01
+ NB-95 765,79 99.81 3.52E-01 7.96E-01 7.96E-01
+ NB-35M 235.69 * 25.00 4.02E-01 3.52E+00 3.52E+00
' ZR-95 724,18 43.70 -2.73E-01 1.18E+00 1.72E+00
756.72 55.30 -6.03E-01 1.18E+00
i MO-99 181.06 6.20 5.19E-01 5.45E+00 5.90E+00
739.58 12,80 -4.238-01 5.45E+00
778.00 4.50 1.87E-C1 1.69E+01
4 RU-103 497.08 89.00 -2.01E-02 4.64E-01 4.64E-01
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Nuclide Energy Yield(%) Activity Nuclide MDA Line MDA
Name (keV) (pCi/grams) (pCirgrams) (pCifgrams)
+ RU-106 621.84 9.80 1.57E+00 7.37E+00 7.37E+00
1 AG-108M 433.893 £€9.90 1.24E-01 6.26E-01 6.26E-01
6lé.37 90.40 1.108-01 7.298-01
722,95 90.50 -3.84E-01 7.75E-01
+ CD-109 88.03 3.72 -2.75E+00 2.69%E+01 2.69E+01
+ AG-110M  657.75 93.14 9.37E-02 7.56E-01 7.56E-01
677.61 10.53 4.60E-01 6.47E+00
T06.67 16.46 1.275+00 4.59E+00
763.93 21.98 -2.28E+00 2.98E+00
884.67 71.63 -1.27E-01 7.63E-01
1384.27 23.94 5.84¥-01 2.71E+00
+ CD-113M  263.70 0.02 2.24E+02 1.86E+03 1.86E+03
SN-113 255.12 1.93 1.42E+01 6.87E-01 2.22E+01]
391.69 64.90 -2.50E-01 6.87E-01
t TEL123M 158.00 84.1C 2.16E-01 4.23E-01 4,23E-01
& sB-124 602.71 97.87 -7.12E-02 7.67E-01 7.67E-01
645,85 7.26 -2.85E+(C0 8.01E+00
122.78 11.10 =3.13E+0C0 6.32E+00
1691.02 49.00 1.469E-01 1.24E+00
¥ I-125 35.49 £.49 -5.68E-01 7.18E+00 7.18E+00
+ SB-125 176.33 6.89 1.28E+00 1.60E+00 5.23E+00
427.8% 29.33 -5.02E-01 1.60E+0D
463,38 10.35 -3.53E-01 5.15E+00
600.56 17.80 -1.45E+00 3.62E+00
635,90 11.32 -3.39E-01 6.02E+00
+ SB-126 414.70 83.30 -8.51E-02 4.61E-01 4.61E~-01
666.33 99.60 -5.19E-0Z 7.38E~01
695.00 99.60 -1.13E-01 6.79E-01
720.50 53.80 7.41E~02 1.35%E+00
+ SN-126 87.57 37.00 -2.76E-01 2.70E+00 2.70E+00
+ SB-127 473.00 25.00 4.50E-01 1.50E+00 2.24E+00
685.20 35.70 -5.77E-01 1.50E+00
783.80 14.70 -2.85E+00 4.60E+00C
+ I-129 29.78 57.00 4.76E-02 1.28E+00 1.28E+00
.33.60 13.20 -8.21E-01 3.98E+00
39.58 7.52 -1.13E+00 4.65E+00
+ T-131 284 .30 6.05 3.30E+0C 6.62E-01 6.72E+00
364.48 81.20 7.27E-02 6.62E-01
636.97 7.286 5.14E+00 1.07E+01
722.89 1.80 -1.9%94E+01 3.91E+01
+ TE-132 49,72 13.10 -6.41E-01 4.31E-01 2.15E+00
228.16 88.00 -7.64E-02 4.31E-01
+ BA-133 81.0C 33.00 -1.56E+00 7.01E-01 2.66E+00
302.84 17.80 -2.18E-01 2.84E+00
356.01 50.00 -8.14E-01 7.01E-01
+ I-133 529.87 86.30 -8.548-02 5.728-01 5.72E-01
+ XE-133 81.00 38.00 1.36E+00 2.32E+00 2.32E+00
+ Cs-134 563.23 8.38 -6.98BE-01 9.18E-01 5.54E+00
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Nuclide Energy Yield{%) Activity Nuciide MDA Line MDA
Name (keV) (pCi/grams)  (pCi/grams) (pCi/fgrams)
Ccs-134 569.32 15.43 1.92E-01 8.18E-01 3.85E+00
604.70 97.60 -1.78E-02 2.18E-01
795.84 85.40 5.47E-01 1.10E+00
801.93 8.73 -3.00E+00 7.88E400
1 CSs-135 268.24 16.00 -5.22E-01 3.01E+00 3.01E+00
+ I-135 1131.51 22.50 9,31E-02 2.92E+00 3.94E+00
1260.41 28.60 -1.07E+0C 2.92E+00
1678.03 9.54 2.81E+00 1.01E+01
+ Cs5-136 153.22 7.46 2.70E+00 6.72E-01 4.85E+00
163.89 4.61 2.87E-02 7.39E+00
176.55 13.56 2.58E-01 2.64E+00
273.65 12.66 -1.57E-C1 3.33E+00
340.57 48.50 9.28E-02 9.18E-01
818.50 99.70 -4.50E-02 6.72E-0C1
1048.07 79,60 2.92E-01 1.23E+00
1235.34 19.70 2.04E+00 5.07E+00
+ Cs5-137 661.65 85,12 ~3.41E-01 7.82E-01 7.82E-01
I LA-138 788.74 34.00 -3.23E-01 1.02E+C0 2.08E+00
1435.80 66.00 5.47E-02 1.02E+C0
+ CE-139 165.85 B0.35 -2.87E-01 3.85E-01 2.85E-01
+ BA-140 162.64 6.70 -=3.44E+00 1.95E+00 4.94E+00
304.84 4.50 8,095+00 1,.16E+01
423.70 3.20 -4/.22E-01 1.37E+01
437.55 2.00 4,14E+00 2.66E+01
537.32 25.00 4.48E-02 1.85E+CG0
i LA-140 328.77 20.50 6.575-01 9.78E-01 2.51E+00
487.03 45.50 -1.40E-01 9.78E-01
815.85 23.590 0.56E~01 2.98E+00
1596.49 95,49 -41,14E-02 9.95E-01
+ CE-141 145.44 48.40 1.20E-01 7.44E~-01 7.44E~C1
+ CE-143 57.36 11.80 -5.86E-01 1.16E+00 4 _(QB8E+0C
293,26 42,00 -4.87E-01 1.16E+00
€64.55 5.20 -2.24E+00 1.3%E+01
+ CE-144 133.54 10.80 6.22E-01 2,.982E+00 2.92E+00
+ PM—-144 476.78 42.00 4.72E-01 7.04E-01 1.20E+GD
618.01 88.60 2.02E-01 7.46E-01
696.48% 9%.49 -4.728-02 7.04E-01
PM-145 36.85 21.70 1.C08%+00C 1,11E+00 2.08E+00
37.36 39.70 5.717E-01 1.11E+00
42.30 15.10 5.18E-01 2.26E+C0
72.40 2.31 -—-8.30E+00 4.12E+01
i PM~14% 453.90 39.94 5.98E-02 1.20E+0C 1.20E+00
735.90 14.01 -2.13E+0C 4.30E+00
747.13 13.10 -1.98E+00 5.33E+00
+ ND-147 91.11 28.90 3.78E+00 3.84E+00 5.22E+00
531.02 13.10 -9.62E-03 3.84E+00
1 EM-149 285.90 3.10 -7.99E+00 1.14E+01 1.14%+01
+ FU-152 121.78 20.50 9.29E-01 1.65E+00 1.65E+00
244.68 5.40 2.61E-01 7.89E+00
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Analysis Report for ~ 1603050-02
BLANK
Nuclide Energy Yield(%) Activity Nuclide MDA Line MDA
Name (keV) ' (pCifgrams)  (pCi/grams) (pCi/grams)
EU-152 344,27 19.13 -1.39E-02 1.65E+00 1.96E+00
778.88% 9.20 6.54E-01 8.21E+00
964.01 10.40 2.04E+00 7.83E+00
1085.78 7.22 1.04E+00 1.34E+01
1112.02 9.60 -1.04E+00 7.128+00
1407.95 14.94 7.46E-01 7.13E+00
i GD-153 97.43 31.30 -6.15E-01 2.49E+00 2.49E+00
103.18 22.20 1.53E+00 2.67E+00
+ EU-154 123.07 40.50 2.82E-01 8.06E-01 8.06E-C1
723.30 1$¢.70 =-1.77E+00 3.56E+00
873.1% 11.50 -7.81E-01 6£.80E+00
896.32 10,30 -9.93E-01 6.51E+00
1004.76 17.90 1.22E+00 5.42E+00
1274.45 35.50 4.56E-01 2.57E+00
L EU~155 86.50 30.90 -3.20E-01 2.52E+00 3.20E+00
105.30 20.70 1.16E+00 2.52E+00
+ EU-156 811.77 10.40 1.29E+00 7.01E+CO 7.01E+0Q0Q
1153.47 7.20 4.10E+00 1.235+01
1230.71 8.90 -2.12E+C0 8.47E+00
HO-166M 184.41 72.60 6.30E-02 5.81E-01 5.81E-0C1
280.45 29.60 -2.20BE-01 1.43E+00
410.94 11.10 2.06E+00 4.82E+00
711.69 54,10 -1.13E-01 1,28E+00
TM-171 66.72 C.14 -2.25E+01 5.26E+02 5.26E+02
HF-172 81.75 4.52 3.60E+00 2.59E+00 1.87E+01
125.81 11.30 =-4.038-01 2.59E+00
i Lu-172 181.53 20.60 -2.12E-01 1.27E+00 1.77E+00
810.086 16.63 1.26E-01 4,38E+00
912.12 15.25 -4.863E-01 5.37E+00
1093.66 62.50 C.00E+CO 1.27E+00C
+ TU~-173 100.72 5,24 -2.46E+00 2.32E+0Q0 1.22E+01
272.11 21.20 3.87E-01 2.32E+00
+ HE-175 343.40 84.00 -2.38E-02 4.46E-01 4.46E-01
" LU-176 88.34 13.30 -7.69E-01 3.48E-01 7.53E+00
201.83 g§6.00 -2.20E-C1 3.48E-01
306.78 94.00 -1.08E-02 4,68E-01
- TA-182 67.75 41.20 -7.33E-01 1.88E+00 1.88E+00
1121.30 34.80 8.97E-01 2.98E+00
1189.05 16.23 -1.87E-01 4.03E+00
1221.41 26.98 -1.01E-01 3.66E+00
1231.02 11.44 ~-1.10E+00 7.198+00
+ TR-192 308.4% 29.68 -4.5%E-02 1.25E+00 1.35E+00
468,07 48.10 2.05E-01 1.25E+00
+ HG-203 279.19 77.30 -1.27E-01 5.17E~-01 5.17E-01
+ BI-207 569.67 97.72 3.03E-02 6.09E-01 6.09E-01
1063.62 74.90 -7.28E-02 1.03E+00
t TL-208 583.14 30.22 1.81E+00 3.37E4+00 3.378+00
860.37 4,48 3.29E+00 1.86E+01
2614.66 35.85 1 3.56E+00
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Analysis Report for ~ 1603050-02
BLANK

Nuclide Energy Yield{%) Activity Nuclide MDA Line MDA
Name (keV) {pCi/grams) (pCi/grams) (pCifgrams)
+ RI-210M 262.00 45,00 -7.46E-01 7.94E-01 7.94E-01
300.00 23.00 3.72E-01 1.94E+00
+ FB-210 46.50 4,25 5.71E+00 8.52E+00 8.52E+00
b PBE-211 404 .84 2.90 -8.10E-01 1.82E+01 1.82E+01
831.90 2.90 -1.20E+01" 2.34E+01
+ BI-212 727.17 11.80 9.53E-01 6.95E+00 6.95E+00
1620,62 2.75 1.45E+00 3.13E4+01
+ PBR-212 238.63 44,60 1.17E+00 2.04E+00 2.045+00
300.09 3.41 2.51E+00 1.31E+01
+ BI-214 609,31 46.30 1.26E+00 2.34E+0Q0 2.34E+00
1120.2% 15.140 6.54E-01 6.33E+00
1764.49 15.80 1.%4E+00 7.63E+00
2204.22 4.98 1.98E+00 2.38E+01
+ PB-214 295.21 19.19 1.02E+00 1.55%E+00 2.58E+00C
351.92 37.19 1.47E+00 1.55E+00
-+ RN-219 401.80 6.50 -8.98E-01 8.07E+00 8.07E+00
+ RA-223 323.87 3.88 ~-5.31E+00 1.16E+01 1.1eE+01
i RA-224 240.98 3.95 5.36R+0C 1.51E+01 1.51E+01
¥ RA-225 40,00 31.00 -2.71E-01 1.11E+00 1.11E+00
+ RA-226 186.21 3.28 7.02E-01 1.33E+01 1.33E+01
4 TH-227 50.10 8.40 -9.86E-0C1 3.31E+00 3.318+00
236.00 11.50 -7.39%E+0C 4,.08E+00
256.20 £.30 -4.02E-01 6.54E+00
AC-228 338.32 11.40 -7.08E-01 1.80E+00 4,27E+00
911.07 27.70 1.20E+00 1.80E+00
969.11 16.60 1.47E+00 3.37E4+00
+ TH-230 48.44 16.90 -2.26E+00 1.48E+00 1.48E+00C
62.85 4,60 -2.92E-02 1.36E+01
67.67 0.37 -8.16E+01 2.10E+02
+ PA-231 283.67 1.60 1.24E+01 2.20E+01 2.53E+C1
302.67 2.30 -1.68E+C0 2.20E+01
+ TH-231 25.64 14.70 6.145+00 1.25E+01 1.41E+01
84.21 6.40 2.58E-902 1.25E+01
4 PR-233 311.98 38.60 4.23E-01 1.14E+00C 1.14E+00
+ PA-234 131.20 20.40 3.312-02 1.53E+00 1.53E+00
733.99 8.80 -1.70E+00 7.16E+0Q0
8446.00 12.00 1.748+00 7.05E+00
+ PA-234M 1001.03 0.92 1.99E+01 9.31E+01 5.31E+01
+ TH-234 £3.29 3.80 -3.52E-02 1.65E+01 1.65E4+01
i U-235 142.76 10.50 6.33E~02 3.31E+Q0 3.31E+00
163,35 4,70 -4,918+C0 7.05E+00
205.31 4,70 -=5.42E-01 7.51E+00
+ NP-237 86.20 12.60 -=7.86E-01 7.85E+00 7.85E+00
+ NP-239 106.10 22.70 3.41E-01 2.138+00 2.13E+00
228.18 10.70 ~6.30E-01 3.55E+00
277.60 14.10 1.948-01 2.79E+00
+ AM-241 59.54 35.90 -6.64E-01 1.58E+00 1.58E+00
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Analysis Report for ~ 1603050-02
BLANK
Nuclide Energy Yield(%} Activity Nuclide MDA Line MDA
Name (keV) {pCi/grams)  (pCi/grams) (pCi/grams)
i AM-243 T74.67 * 66.00 3.278+00 2.73E+0C 2.13E+00
+ CM-243 209.75 3.29 -3.04E+00 2.79E+00 1,.14E+01
228.14 10.60 -6.30E-01 3.55E+00
277.60 14.00 1.94E-01 2.79E+C0
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Halfi-life too short to be able to perform the decay correction
2 = CAUTION: MDA value is inconsistent with Currie MDA &t 95% confidence level
Nuclide Library Used . WOR-GAMMA 1\ApexRoot\CountroomiL_ibrary\TMAZ.NLB
Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) {pCi/grams)  (pCi/grams) (pCi/grams)
BE-7 477.5% 10.42 4.84E+00 4,84E+00 1.91E+00 2.098+00
NA-22 1274.54 99,94 9.14E-01 9.14E-01 1.62E-01 3,69E-01
NA-24 1368.53 99.99 7.72E-01 T.72E-01 7.17E-02 2.89E-01
2754,09 99.86 1.048+00 2.23E-01 3.67F-01
AL-26 1808.65 89.76 8.11E-01 8.11E-01 -8.73E-02 2.87E-01
4+ K-40 1460.81 10.67 1.10E+01 1.10E+01 2.86E+01 4,56E+00
AR-41 1293.64 99.16 8.295~01 8.29E-01 0.00E+00 2.94E-01
TI-44 67.88 94 .40 8.21E-01 8.21E-01 -3.20E-01 3.99F~01
78.34 96.00 1.01E+00 5.24E-01 4.96E-01
sC-46 889.25 99.98 5.49%9E-01 5.4%E-01 -9%,15E-02 2.13E-01
1120.51 99,99 %.56E-01 9.88E-02 4.00E-01
V-48 983.52 99.98 8.02E-01 8.02E-0C1 1.01E-01 3.33E-01
1312.10 97.50 1.08E+00 -4 .27E~03 4,50E-01
CR-51 320.08 9.83 4,.47E4+00 4,47E+00 -1.41E+00 1.99E+00
MN-54 834 .83 99.97 7.49E-01 7.4%E-01 1.03E-01 3.16E-01
CO-56 846.75 99.96 7.91E-01 7.91E-01 -6.94E-02 3.36E~01
1037.75 14.03 5.70E+00 1.33E+00 2.34E+00
1238.25 67.00 1.49E+Q0 0.00E+00 6.195-01
1771.40 15.51 5.13E4+00 -3.04E+C0 1.82E+00

D EHAasY




3/10/2016  6:09:03PM Page 18 of 23
Analysis Report for  1603050-02
BLANK

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name {keV) {(pCi/grams) (pCilgrams)  (pCi/grams) (pCi/grams)
C0-56 2598.48 16.90 4.61E+00 7.91E-01 -2.72E+00 1,46E+00
Cc-57 122.06 85.51 3.97E-01 3.97E-01 2.238-01 1.84E-01
136.48 10.60 3.01E+00 2.97E-01 1.38E+00
CO~58 810.76 89.40 7.32E-01 7.32E-01 2.10E-02 3.0%E-01
FE-59 10989.22 56.50 1.07E+00 1.07E+00 -3,99E-01 4,02E-01
1291.56 43.20 1.12E+00 -6.07E-01 3.53E-01
CO-60 1173.22 100.00 9,98E-01 9,.98E-01 1.50E-01 4,.18E-01
1332.49 100.00 1.12E+00 3.52E-01 4.71lE-01
ZN-65 1115.52 50.75 1.35E+00 1.35E+00 -4.08E-01 5.23E-01
GAR-67 93.31 35.70 3.008+00 2.81E+Q0 2.99E+00 1.47E+00
208.95 2.24 i.72E+01 2.62E+00 7.85E+00
300.22 16.00 2.81E+00 5.39E-01 1.26E4+00
SE-T75 121.11 16.70 2.07E+00 5.02E-C1 1.07+00 9.64E-0C1
136.00 59.20 5.02E-01 -2.76E-C1 2.28E-01
264.65 59.80 7.48E-01 4,198-01 3.40E-01
279.53 25.20 1.67E+0Q0 -2.58E-01 7.52E-01
400.65 11.40 4.20E+00 6.24E-02 1.85E+00
RBE-82 776.52 13.00 6.00E+Q00 6.00E+Q0 1.18E+00 2.58E+00
RB-83 520.41 46.00 1.19E+00 1.19E+00 ~1.50E-01 5.14E-01
529.64 30.30 1.65E+00 4.,10E-01 7.03E-01
552.65 16.40 2.78E+00 -8.76E-C1 1.158+00
KR~85 513.99 0.43 1.42E+02 1.42E+02 -3.68E+01 6.27E+01
SR-85 513.99 99.27 6.21E~01 6.21E-01 -1.618-01 2.74E-01
Y-88 898.02 93.40 6.97E-01 6.97E-01 -2.84E-01 2.82E-01
1836.01 99.38 1.16E+00 4.43E-01 4.61E-01
NB-93M 16.57 9.43 2.09E+02 2.09E+02 1.28E+02 1.01E+02
NB-94 702.63 100.00 8.52E-01 7.47E-01 1.95E-01 3.77E-01
871.10 100.00 7.47E-01 8.96FE-02 3.13E-01
NB-95 765.79 99.81 7.96E-01 7.96E-01 3.52E-01 3.44E-01
+ NB-25M 235.69 25.00 3.52E+00 3.52E+CQ 4.02E~-01 1.69E+00
ZR-95 724.18 43.70 1.72E+00 1.18E+00 -2.75E-01 7.44E-01
756.72 55.30 1.18E+00C -6.03E-01 4,92E-01
MO-99 181.06 6.20 5.90E+00 5.45E+00 5.19E-01 2.70E+00C
739.58 12.80 5.45E+00 -4 ,23E-01 2.32E+00
778.00 4.50 1.69E+01 1.87E-01 T.24E+00
RU-103 497.08 89.00 4,64E-01 4,647-01 ~2.01E-02 1.92E-01
RU~-106 621.84 9_80 7.37E+00 7.37E+00 1.57E+00 3.24E+00
AG-108M 433,93 89.90 6.26E-01 6.26E-01 1.24E~C1 2.78E-01
6l4.37 50.40 7.29E-01 1.10E-01 3.17E-01
722.95 90.50 7.75E-01 -3.84E-01 3,.32E-01
CD-109 88.03 3.72 2.69E+01 2.69E+01 -2.75E+0Q0 1.32E+01
AG-110M 657.75 93.14 7.56E-01 7.56E-01 9,37E-02 3.29E-01
677.61 10.53 6.47E+00 4,60E-01 Z2.,79E+00
706.67 16.46 4.59E+00 1.27E+00 2.00E+00
763.93 21,98 2.98E+C0 -2.28E+00 1.25E+00
884.67 71.63 7.63F~01 ~1.278E-01 2.965-01
1384.27 23.94 2.71E+00 5.84E-01 9.60E-01
CD-113M 263.7C c.02 1.86E+03 1.86E+03 2.24E+02 8.42E+02
SN-113 255.12 1.93 2.22E+01 6.87E-01 1,42E+01 1.01E+01
391.69 64 .90 6.87E-01 ~2.50E-01 3.00E-01
TE123M 159.00 84.10 4.,23E-01 4,23E-01 2.16E-01 1.95E-01
SB-124 602.71 97.87 7.67E-01 7.67E-01 -7.12E-02 3.40E-01
£45.85 7.26 8.01E+00 -2 .,85E+00 3.38E+00
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Analysis Reportfor  1603050-02
BLANK

Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams}) (pCi/grams)  (pCi/grams) (pCifgrams)
SB-124 722.78 11.10 6.32E5+00 7.67E-01 -3.13E+00 2.71E+00
1691.02 49.00 1.24E+00 1.69E-01 3.93E-01
I-125 35.49 6.49 7.18E+00 7.18E+00 -5.,68E-01 3.2%E+00
SR-125 176.33 6.89 5.23E+00 1.60E+00 1.28E+00 2.40E+00
427.89 29.33 1.60E+C0O -5.02E-01 6.96E-01
463.38 10.35 5.15E+00 -3.53E-01 2.26E+00
600.586 17.80 3.62E+00 -1.,45E+00 1.58E+00
£35.50 11.32 6.02E+00 -3.3%E-01 2.62E+00
SR-126 414.70 83.30 4.61E-01 4,61lE-01 -8.51E-02 1.95E-01
666.33 99.60 7.38E-01 -5.19-02 3.22E-01
695.00 99.60 6.79E-01 -1.13E-01 2.91E-01
720.50 53.80 1.39E+00 7.41E-02 6.02E-01
SN-126 87.57 37.00 2.70E+00 2.70E+CO -2.76E-01 1.32E400
SB-127 473.00 25.00 2.24E+090 1.50E+00 4,.50E-01 9.86E-01
685.20 35.70 1.50E+C0Q -5.77E-01 6.13E-01
783.80 14.70 4,60E+00 -2.85E+00 1.93E+00
I-129 29.78 57.00 1.28E+00 1.28E+00 4,76E-02 5.88E-01
33.60 13.20 3.98E+00 -8.21E-C1 1.82E+00
39.58 7.52 4,.65E+00 -1.138+00 2.10E+00C
I-131 284.30 .05 6.72E+00 6.62E-01 3.30E+00 3.00E+00
364.48 81.20 6.62E-01 7.27E-02 2.98E-01
636.97 7.26 1.07E+01 5.14E+00 4.73E+00
722.89 1.80 3.91E+01 -1.94E+0C1 1.67E+01
TE-132 49,72 13.1 2.15E+00 4.31E-01 -6.41E-01 g,79E-01
228.16 88.00 4.31E-01 -7.64E-02 1.95E-01
BA-133 81.00 33,00 2.66E+00 7.01E-01 1.56E+00 1.30E+00
302.84 17.80 2.841400 -2.18E-01 1,298+00
356.01 60,00 7.01E-01 -8.14E-01 3.07E-01
1-133 529,87 86,30 5.72E-01 5.72E-01 -8.548-02 2.42E-01
XE-133 81.00 38.00 2.32E+00 2.32E+00 1.36E+00 1.13E+00
C5-134 563.23 8.38 5.54E+00 9.18E-01 -6,98E-01 2.30E+00
569.32 15.43 3.85E+00 1.92E~01 1.67E+00
604.70 97.60 9.18E-01 -1.78E-02 4.16E-01
795.84 85.40 1.10E+00 5.47E-01 4.87E-01
§01.93 8.73 7.88E+C0 -3.00E+00 3.30E+00
C5-13% 268.24 16.00 3.01+00 3.01E+Q0 -5.22E-01 1.38E+Q0
I-135 1131.51 22.50 3.94E4+00 2.92F+00 9,31E-02 1.598+00
1260.41 28.60 2.92E+00 -1.07E+00C 1.13E+00
1678.03 9.54 1.01E+01 2.81E+0Q0 3.77E+00
Cs5-136 153.22 7.46 4.85E+CO 6.72E-01 2.70E+00 2.24E+00
163.89 4.61 7.39%+00 2.87E-02 3.38E+00
176.55% 13.56 2.64E+00 2.58E-01 1.21E+00
273.65 12.66 3.33E+00 -1.57E-01 1.50E+0C
340.57 48.590 %.18E-01 9,28E-02 4.07E-01
818.50 89.70 6.72E-01 -4 .50E-02 2.79%E-01
1048.07 79.560 1.23E+00 2.92E-01 5.228-01
1235.34 19,70 5.07E+00 Z2.048+00 2.10E+00
Ccs5-137 661.65 85.12 7.82E-01 7.82E-01 -3.41E-01 3.37E-01
LA-138 788.74 34.00 2.08E+00 +1,02E+00 ~3.23E-01 8.79E-01
1435.80 66.00 1.02E+00 5.47E~02 3.60E-01
CE-139 165.85 80.35 3.85E-C1 3.85E-01 -2.97E-01 1.75E-01
BA-140 162 .64 6.70 4 .94E+00 1.95E+00 ~3.,44E+00 2.26E+00
304.84 4.50 1.16E+01 8.09E+0C 5.30E+00
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Nuclide Energy Yield(%) Line MDA Nuclide MDA Activity Dec. Level
Name (keV) (pCilgrams) (pCi/grams)  (pCi/grams) (pCi/grams)
BA-140 423,70 3.20 1.378401 1.95E+00 -6.22E-01 5.89E+00.
437.55 2.00 2.,.00E+01 4,.14E+00 1.17E+01
537.32 25.00 1.95E+00 4,48E-02 8.25E-01
LA-1490 328.77 20.50 2.51E+00 9.78E-01 6.57E~G1 1.14E+00
487.03 45 .50 9.78E-01 -1.40E~-01 4,13E-01
815.85 23.50 2 .98E+00 6.56E~-01 1.25E400
1596.49 85.49 9.95E-01 -4 ,14E-02 3,.86E-01
CE-141 145,44 48.40 7.44E-01 7.44E-01 1.20E-01 3.44E-01
CE~143 57.386 11.80 4, 08E+00 1,16E+00 -5.86E-01 1.94E+00
293,26 42.00 1.16E+00 ~4.87E-01 5.288-01
664.55 5.20 1.39E+01 -2 . 24E+00 6.05E+00
CE-144 133.54 10.80 Z2.92E+00 2.92E+00 6.22E-01 1.34E+00
PM-144 476.78 42.00 1.208+00 7.04E-01 4,725-01 5.18E-01
618.01 98.60 7.46E-01 2.02E-01 3.29E~-01
696.49 96,48 7.04E-01 -4 ,72E-02 3.03E-01
PM-145 36.85 21.70 2.08E4+Q00 1.11E4+00 1.08E+00 9.53E-01
37.36 39,70 1.11E+C0 5.77E-01 5.08E-01
42 .30 15.10 2.26E+00 5,.18E-01 1.03E+0C
72.40 2.31 4,128+01 -8.,30E+00 2. 01E+01
PM-146 453.90 39.%4 1.208+00 1.20E+00 5,98E-02 5.21E-01
735,90 14.01 4,30E+00 -2.13E+0Q0 1.78E+00
747.13 13.10 5,.33E+00 -1.98E+00 2.27E+00
t ND-147 91.11 28.90 5.22E+00 3.84E+00 3.78E+00 2.57E+00
531.02 13,10 3.84E+00 -9.,62E-03 1.63E+00
PM-149 285.90 - 3.10 1.14E+01 1.14%+01 -7.99E4+00 4 99E+Q0
EU-152 121.78 20.50 1.65E+00 1.65E+00 9,29E-01 7.67E-01
244,69 5.40 7.89%E+4+00 2.615-01 2.5%9E+00
344,27 19.13 1.96E+00 -1.3%E-02 8.50E-01
778.89 9.20 8.21E+00 6.54E-01 3.51E+00
964.01 10.40 7.93E+00 2.04E+00 3.32E+00
1085.78 1.22 1.34E+01 1.04E+00 5.67E+Q0
1112.02 9.60 7.12E+00 -1.04E+GQ 2.76E+00
1407.95 - 14.94 7.13E+00 T.468-01 2.92E+400
GD-153 87.43 31.30 2.4%E+00 2_.49E+00 -6.15E-01 1.21E+00
103.18 22.20 2.67E4+00 1.%3E+00 1.28E+00
EU-154 123.07 40.50 8.06E-01 8.06E-01 2.82E-01 3,.73E-01
723.30 19.70 3_.56E+00 -1.77E+00 1.53E+00
873.19 11.50 6.80F+00 -7.81E-C1 2.87E+00
896.32 10.30 6.51E+00 -9,93-01 2.58E+00
1004.76 17.90 5.42E+00 1.22E+400 2.32E+00
1274.45 35.50 2.57E+00 4.56E-01 1.04E4+00
EU-155 86.50 30.90 3.20E+00 2.52E+00 -3.20E-01 1.56E+00
105.30 20.70 2.52E+00 1.16E+00Q 1.20E+00
EU-156 811.77 10.40 7.01E4+00 7.01E+00 1.29E+0C0 2.96E+00
1153.47 7.20 1.23+01 4,10E+00 5.05E+00
1230.71 8.890 8.47E+00 -2.,12E+00 3.28E+00
HO-166M 184.41 72.60 5.81E-01 5.81E-01 6.30E-02 2.69E-01 "~
280.45 29.60 1.43E+00 -2.20E-01 6.42E-01
410,94 11.10 4 ,82E+C0 2.06E+00 2.15E+00
711.69 54.10 1.28E+00 -1.13E-01 5.47E-01
™-171 66.72 0.14 5.26E+02 5.26E+02 -2.25E+01 2.55E+02
HFE-172 81.75 4,52 1.87E4+0L 2.59E+00 3.60E+00 9.12E+00
125.81 11.30 2 .58E+00 -4 _03E-01 1.18E4+00
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Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) (oCi/grams)  (pCi/grams) (pCilgrams)
LU-172 181.53 20.60 1.77E+00 1.27E400 -2.12F-01 8.11E-01
810.06 16.63 4,38E+00 1.26E-01 1.858+00
912,12 15.25 5.37E+00 -4,63E-01 2.27E+00
1093.66 62.50 1.27E+00 0.00E+CO 5.12E-01
LU-173 100.72 5.24 1.22E+01 Z2.32E+00 -2.46E+00 5.88E+00
272.11 21.20 2.32E4+00 3.87E-01 1.06E+00
HF-175 343.4¢ 84.00 4.46E-C1 4.46E-01 -2.38E-02 1.93E-01
LU-176 88.34 13.3C 7.53E+00 3.48E-01 -7.69E-01 3.68E+00
201.83 86.00 3.48E-01 -2.20E-01 1.55E-01
306.78 94.00 4.68E-01 -1.08E-02 2.09E-01
TA-182 67.75 41.20 1.88E+00 1.88E+C0O -7.338-01 9,15E-01
| 1121.30 34.90 2.98E+00 8.97E-01 1.27E+00
1189.05 16.23  4.03E+C0 -1.87E-01 1.51E+00
1 1221.41 26.98 3.66E+00 -1.01E-01 1.52E4+00
1231.02 11.44 7.19E+00 -1.10E+00 2.85E+00
TR-192 308.46 29.68 1.35E+00 1.258+00 -4,598-02 5.96E-01
468,07 48.10 1.25E+00 2.05E-01 5.58E-01
HG-203 279.19 77.30 5.17E-01 5.17E-01 -1.27E-01 2.31E-01
BI-207 569.67 87.72 6.09E~-01 6.09E-01 3.03E-02 2.63E-01
1063.62 74,90 1.03E+00 -7.28E-02 4.15E-01
+ TL-208 583.14 * 30.22 3.37E+00 3.37E+00 1.81E+00 1.55E+00
860.37 4,48 1.86E+01 3.29E+00 7.96E+00
2614.¢66 35.85 3.56F+00 1.18E+00 1.38E+00
BI-210M 262.00 45.00 7,.94E-C1 7.94E-01 -7.46E-01 3.52E-01
300.00 23.00 1.9%24E+00 3.72E-01 8.73E-01
PB-210 46.5C 4,25 8.52E+00C 8.52E+00 5.71E+00 3.94E+00
PB-211 404 .84 2.90 1.82E+01 1.82E+01 -8.10E-01 8.11E+00
831.96 2.90 2.34E+01 -1.20E+01 9, 71E+00
BI-212 727.17 11.80 6.95E+00 6.95E+00 9.53E-01 3.05E+00
1620.62 2.75 3.13E+01 1.45E+00 1.17E+01
i PB-212 238.63 * 44 .60 2.04E400 2.04E+00 1.17E+00 5,78E-01
300.09 3.41 1.31E+01 2.51E+Q0 5.89E+00
+ BI-214 609.31 * 46,30 2.34E+00 2.34E+00 1.26E+00 1.08E+00
1120.29 15.10 6.33E+00 6.54FE-01 2.65E+00
1764,49 15.80 7.63E+00 1.24E+00 3.08E+00
2204.22 4.98 2.38E+01 1.98E+00 9,23E+00
+ PB-214 295.21 19.19 2.58E4+00 1.55E+00 1.02E+00 1.18E+00C
351.%2 * 37.19 1.55E+00 1.47E+00 7.08E-01
RN-219 401.80C 6.5C 8.07E+00 8.07E+00 -8.98E~01 3.59E+4+00
RA-223 323.87 3.88 1.16E+01 1.16E+01 -5.31E+00 5.21E+00
RA-224 240.98 3.95 1.51E+01 1.51E+01 5.36E+00 7.06E+00
RA-225 40.00 31.00 1.118+C0 1.11E+00 -2.71E-01 5.03E-01
RA-22¢6 186.21 3.28 1.33E+01 1.33E+01 7.02E-01 6.17E+00
TH-227 50.10 8.40 3.31E+00 3.318+00 -%,86E-01 1.51E+00
236.00 11,50 4,08E+00 -7.39E4+00 1.88E+00
256.20 6.30 6.54E+00 -4,02E-01 2.96E+00
+ AC-228 338.32 11.40 4.27E+00 1.80E+00 -7.08E~-01 1.91E+00
911.07 % 27,70 1.80E+00 1.20E+00 6.72E-01
969.11 * 16.60 3.37E+00 1.47E+00 1.28E+00
TH~230 485.44 16.5%0 1.48E+00 1.48E+00 -2.26E+00 6.61E-01
62 .85 4 .60 1.36E+01 -2.92E-02 6.58E+00
67.0"7 0.37 2.10E+C2 -8.16E+01 1.02E+02
PA-231 283.07 1.60 2.53E+01 2.20E+01 1.24%+01 1.13E+01
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Nuclide Energy Yield(%) Line MDA  Nuclide MDA Activity Dec. Level
Name (keV) (pCi/grams) (pCi/grams)  (pCi/grams) (pCi/grams}
PA-231 302.67 2.30 2.20E+C1 2.20E+01 -1.68E+00 1.00E+01
TH-~231 25.04 14.70 1.41E5+01 1.25E+01 6.14E+00 6.75E+0C
84.21 6.40 1.25E+01 2.58E~-02 6.06E+00
PA-233 311.98 38.60 1.14E+00 1.14E+00 4.23E-01 5.07E-01
PA-234 131.20 20.40 1.53E+00 1.53E+C0 3.31E-02 7.03E-01
733.99 8.80 7.16E+C0 -1.70E+00 3.00E+00
94¢.00 12.00 7.05R4+00 1.74E+00 2.98E+00
PA-234M 1001.03 .82 5.31E+01 9.31E+01 1.99E+01 3.90E+01
TH-234 63.29 3.80 1.65E+01 1.65E+01 -3.52E-02 7.94E+00
u-235 143.76 10.50 3.31E+Q0 3.31E+00 6.33E-02 1.53E+C0
163.35 4.70 7.05E+00 -4.91E+00 3.22E+00
205.31 4.7C 7.51E+00 -5.42E-01 3.40E+0C
Np-237 86.50 12.60 7.85E+00 7.85E+00 -7.86E-01 3.84E+Q0
NP-239 106.10 22.70 2.13F+00 2.13E+00 3.41E-01 1.01E+00
228.18 10.70 3.55E+00 -6.30E-01 1.61E4+00
277.60 14.10 2.79E+00 1.94FE-01 1.25E+G9
AM-241 59.54 35.90 1.58E+00 1.58E+00 -6.,64E-01 7.56E~01
+ AM-243 74.67 66.00 2.735+00 2.73E+00 3.27E+00 1.35E+00
CM-243 209.75 3.29 1.14E+C1 2.79E+00 -3.04E+00 5.17E+00
228.14 10.560 3.55E+00 -6.,30E-01 1.61E+0Q0
277.60 14.00 2.79E+00 1.94E-01 1.24F+00
+ = Nuclide identified during the nuclide identification
* = Energy line found in the spectrum
> = MDA value not calculated
@ = Halflife too short to be able to perform the decay correction

No Action Level resuits available for reporting purposes.
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_—=Apex-Gamma

Analysis Reportfor ~ 1603050-03

J1V8D3 SBAF: RC-155

3/10/2016  4:25:09PM

UZ\@\L}’

Page 1 of 28

GAMMA SPECTRUM ANALYSIS

Sample Identification
Sample Description
Sample Type

Sample Size
Facility

Sample Taken On
Acquisition Started

Procedure
Operator
Detector Name
Geometry

Live Time

Real Time

Dead Time

Peak Locate Threshold

Peak Locate Range (in channels)
Peak Area Range (in channels}
Identification Energy Tolerance

Energy Calibration Used Done On

Efficiency Calibration Used Done On
Efficiency Calibration Description

Sample Number

: 1603050-03
: J1V8D3 SAF: RC-155
: SOIL

: 2.809E+01 grams
: Countroom

: 372016 3:44:13PM
: 31102016 3:44:33PM

- GAS-1407 pCi

: Administrator

: GE2

: GAS-1407

: 1800.0 seconds
: 2423.3 seconds

2872 %

0 2.50
©1-4096

1 5-4096

: 1.000 keV

: 111212014
: 10/25/2014

: 34253

PEAK-TO-TOTAL CALIBRATION REPORT

Peak-to-Total Efficiency Calibration Equation

G
\3/!! (A

PaEvTE




3/10/2016  4:25:09PM Page 2 of 28
Analysis Report for ~ 1603050-03
J1V8D3 SAF: RC-155

PEAK LOCATE REPORT
Peak Locate Performed on : 3/10/2016 4:25:01PM
Peak Locate From Channel 1
Peak Locate Ta Channel : 4096
Peak Search Sensitivity . 2.50
Peak No. Energy (keV) Centroid Channel Centroid Uncertainty Peak Significance
1 17.20 17.32 .0000 0.00
2 21.74 21.8¢ 0.000C 0.00
3 29.22 29.33 0.0000 0.00
4 31.97 32.08 0.c000 0.00
5 36.39 36.50 0.0000 0.00
6 50.19 50.30 0.0000 .00
7 59.44 59.54 0.00C0 .00
8 93.65 83.73 0.0000 0.00
S 122.82 122 .88 0.0000 0.00
10 155.26 155,30 0.000C 0.00
il 185.94 185.97 0.0000 0.00
12 188.71 188.73 0.0000 0.00
13 182.34 192.36 0.0000 0.00
14 265.95 265.93 0.0000 0.00
15 379.29 379.21 0.00C0O 0.00
16 472 .60 472 .47 0.0000 0.00
17 583.68 583.50 0.000C 0.900
18 651.50 651.29 0.0000 0.00
19 661.57 661.35 0.0000 0.00
20 681.23 681.00 0.0000 0.00
21 682.67 692.44 0.0000 0.00
22 735.77 735.52 0.0000 0.00C
23 1032.36 1031.99 0.0000 0.00
24 1114.12 1113.71 0.0000 0.900
25 1128.14 1127.73 0.0000 0.00
26 1174.72 1174.29 0.0000 0.C0O
27 1320.02 1319.54 0.0000 0.00
28 1322.75 1322.27 0.0000 .00
25 1332.88 1332.40 0.00C0O 0.00
30 1364.93 1364.44 0.00GO 0.00
31 1474.91 1474.39 0.0000 0.00
32 1624.68 1624.11 0.0000C 0.900
33 1738.63 1738.03 0.0000 0.00
34 2028.38 2027.72 0.0000 0.00
35 2068.61 2067.94 0.C000 0.00
36 2115.67 2114.99 0.0000 .00
37 2238.70 2238.00 0.00C0 .00
38 2474,30 2473.57 0.00C0 0.00
39 2481.41 2480.68 0.0000 0.00
40 2481.73 2491.00 0.0000 0.00
41 2505.45 2504.72 0.0000 0.00
42 2532.23 2531.50 0.C000 0.00
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Analysis Report for  1603050-03
J1V8D3 SAF: RC-155

3/10/2016  4:25:09PM

Page 3 of 28

Peak No. Energy (keV) Centroid Channel Centroid Uncertainty Peak Significance
43 2614.32 2613.58 0.0000 0.00
44 2728.27 2727.,52 0.0000 0.C0
? = Adjacent peak noted
Errors guoted at 2.000sigma
TG
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31072016 4:25:09PM Page 4 of 28
Analysis Report for ~ 1603050-03
J1V8D3 SAF; RC-155
PEAK ANALYSIS REPORT
Peak Analysis Performed on 1 3/10/2016 4:25:01PM
Peak Analysis From Channel o1

Peak Analysis To Channel . 4096
Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV) start end Centroid Area Uncertainty Counts (keV)
1 17.20 15 - 19 17.32 4,80E+03 1329.59 3.%0E+05 1.66
2 21.74 20 - 24 21.86 2.17E+04 1384.86 4,13E+05 1.51
3 29.22 28 - 41 29.33 1.69%E+04 774,44 1.89E+05 1.33
4 31.97 28 - 41 32.08 6.83E+05 2055.8¢6 3.69E+05 1.49
5 36.39 28 - 41 36.50 2.08E+05 1700.24 4,47E+05 1.77
6 50.1¢9 49 - 52 50.30 2.40E+03 1191.38 3.52E+05 2.97
7 59.44 56 - 63 59.54 1.11E+05 2105.77 ©6.63E+05 1.88
8 93.65 92 - 96 93.73 2.56E+03 1234.39 3.36E+05 4.41
9 122 .82 121 - 125% 122.88 1.10E+03 1186.95 3.12E+05 2.46
10 155.26 154 - 157 155.3C 1.19r+03 958.78 2.29E+05 5.00
11 185.94 184 - 204 185.97 1.10E+04 859.20 2.02E+05 3.11
12 188.71 184 - 204 188.73 1.27E+04 2020.40C 6.08E+05 3.12
13 192.34 184 - 204 192.36 1.12E+04 2019.20 6.10E+05 3.14
14 265.95 264 - 269 265.93 1.63E+03 1309.47 3.41E+405 3.19
15 379.29 377 - 382 379.21 1.16E+03 1348.36 3.63E+05 a.77
16 472.60 467 - 477 472 .47 3.12E+04 2609.89 8.84E+05 7.69
17 583.68 582 - 586 583.50 8.21E+02 606,11 8.07E+04 4,32
18 651.5C 649 - 654 651.29 1.15E+03 667.52 B8.B86E+04 2.09
19 661.57 655 - 686 661.35 4,.84E+06 4451 .52 8.72E+04 1.75
20 681.23 655 - 686 681.00 1.12E+03 650.67 9.68E+04 1.76
21 692.67 690 - 696 092.44 3.58E+03 835.76 1,23E+05 2.46
22 735.77 733 - 738 735.52 5.85E+02 583.26 6.74E+04 2.63
23 1032.36 1030~ 1035 1031.99 3.34E+02 374.59 2.78E+04 2.51
24 1114.12 1112 - 1117 1113.71 2.88E+02 333.82 2.20E+04 2.77
25 1128.14 1125 - 1131 1127.73 4.388+02 366.29 2.40FE+04 3.83
26 1174.72 1172 - 1177 1174.29 3.86E+02 286.20 1.60E+04 2.72
27 1320.02 1314 - 1325 1319.54 3.19E+03 413.01 2.24E+04 4.77
28 1322.75 1314 - 1325 1322.27 3.37E+03 313.45 1.35E+04 2.23
29 1332.88 1330 - 1338 1332.40 1.94E+02 227.66 9.28E+03 2.72
30 1364,93 1362 - 1367 1364.44 1.54E+02 186.26 6.79E+03 3.56
31 1474.91 1472 - 1477 1474 .39 1.33E+02 145.68 4.14E+03 2.66
32 1624.68 1622 - 1627 1624.11 8§.978+01 93.36 1.67E+03 2.42
33 1738.63 1736 - 1742 1738.03 6.38E+01 72.45 9,04E+02 2.55
34 2028.38 2022 - 2031 2027.72 4,22E+01 42,02 2.24E+402 4.00
35 2068.61 2063 - 2072 2067.94 3.59E+01 34.50 1.48FE+02 4,91
36 2115.67 2112 - 2118 2114.99 2.17E+01 24.55 9.26E+01 3.14
37 2238.70C 2232 - 2243 2238.00 2.92E4+01 25.38 6.56E+01 1.42
38 2474 .30 2468 - 2477 2473.57 1.25E+01 12.45 1.51E+01 4.28
39 2481.41 2478 — 2485 2480.68 1.00E+01 9.38 8.00E+00 1.19
40 2491.73 2487 - 2495 2491.00 7.50E+00 9.41 9.00E+00 4,83
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3M10/2016  4:25:09PM Page 5 of 28
Analysis Report for ~ 1603050-03
J1V8D3 SAF: RC-155

Peak Energy ROI ROI Peak Net Peak Net Area  Continuum FWHM
No. (keV} start end Centroid Area Uncertainty Counts {keV)
41 2505.43 2500 - 2508 2504.72 1.13E+01 11.52 1.358+01 1.39
42 2532.23 2528 - 2533 2531.50 6.00E+0C 4.90 0.00E+0C 1.16
43 2614.32 2608 - 2620 2613.58 8.18E+01 22.24 2.03E+01 3.50
44 2728.27 2725 - 2730 2727.52 4.75E+00 5.74 2.50E+00 1.79

M = First peak in a multiplet region
m = Other peak in a multiplet regicn
F = Fitted singlet

Errors guoted at 2.000sigma

PEAK ANALYSIS REPORT
Peak Analysis Performed on 1 3/10/2016 4:25:01PM
'_ Peak Analysis From Channel o1
Peak Analysis To Channel : 4096
Peak Energy ROI RO/ Net Peak Net Area Continuum Critical
No. (keV) start end Area Uncertainty Counts Level
1 17.20 15 - 19 4,80r+03 1329.59 3.90E+05 1.09E+03
2 21.74 20 - 24 2.178+04 1384.86 4,13E+05 1.25E+03
M 3 29.22 28 - 41 1.65%E+04 774,44 1.89E+0G5 7.15E+02
m 4 31.97 28 - 41 6.83E+05 2055.86 3. 69E+05 9.99E+02
m 5 36.39 28 - 41 2.08E+05 1700.24 4,.47E+05 1.10E+03
6 50.19 49 - 52 2.40E+03 1191.38 3.52E+05 9.76E+02
7 59.44 56 - 63 1.11E+05 2105,77 6.63E+05 1.64E+03
8 93.65 92 - 96 2.56E+03 1234.39 3.36E+05 1.01E+03
9 122.82 121 - 125 1.10E+C3 1186.95 3.12E+05 9.74E+02
10 155.26 154 - 157 1.19E+03 58,78 2.29E+05 7.86E+02
M 11 185.94 184 - 204 1.10E+04 859.20 2.02E+05 7.39E+402
m 12 188.71 184 - 204 1.276E+04 2020.40 6.08E+05 1.28E+03
m 13 192.34 184 - 204 1.12E+04 2019.z20 6.10E+05 1.28E+03
14 265.90 264 - 269 1.63E+03 1309.47 3.41E+05 1.07E+03
15 379.2% 377 - 382 1.16E+03 1348.36 3.63E+05 1.11E+03
16 472.60 467 - 477 3.12E+C4 2609.89 8.84E+05 2.13E+03
17 583.68 582 - 586 8.21E+02 606.11 8.07E+04 4.96E+02
18 651.50 6489 - 654 1.15E+03 667,52 8.86E+04 5.46E+02
M 19 661.57 655 - 686 4.84E+06 4451.52 8.72E+04 4.86E+02
m 20 681.23 655 — 686 1.12E+03 650.67 9.68E+04 5.11E+02
21 692.67 630 - 696 3.58E+03 835.76 1.23E+05 6.80E+02
22 135,77 733 - 738 5.83E+02 583.2%6 6., 74E+04 4.78E+02
23 1032.36 1030~ 1035 3.34E+02 374.59 2.78E+04 3.06E+02

EBITE



3/10/2018  4:25:09PM Page 6 of 28
Analysis Report for  1603050-03
J1V8D3 SAF: RC-155
Peak Energy ROI ROI Net Peak Net Area Continuum Critical
No. (keV) start end Area Uncertainty Counts Level
24 1114.12 1112- 1117 2.88E+02 333.82 2.20E+04 2.738+02
25 1128.14 1125 - 1131 4,.38E+02 366.29 2.40E+04 2.99E+02
26 1174.72 1172- 1177 3.86E+02 286.20 1.60E+04 2.33E+02
M 277 1320.02 1314 - 1325 3.19E+03 413,01 2.248+04 2.46E+02
m 28 1322.75 1314 - 1325 3.37E+03 313.45 1.35E+04 1.93iE+02
28 1332.88 1330- 1336 1.945+02 227.66 9.28E+03 1.86E+02
30 1364.93 1362 - 1367 1.54E+02 186.26 6.79E+03 1.52E+02
31 1474,91 1472 - 1477 1.33E+02 145.68 4.14E+03 1.18E+02
32 1624.68 1622 - 1627 8.97F+01 93,36 1.67E4+03 7.52E+01
33 1738.63 1736 - 1742 6.38E+01 72,45 9.04E+02 5.81E+01
34 2028.38 2022 - 2031 4.22E+01 42.02 2. 24E+C2 3.29E+01
35 2068.61 2063 - 2072 3.59E+01 34.50 1.48E+02 2.66E+01
36 2115.67 2112 - 2118 2.17E+01 24.55 9,26E401 1.87E+01
37 2238.70 2232~ 2243 2.92E+01 25.38 6.56E+01 1.89E+01
38 2474,30 2468 - 2477 1.25E+01 12.45 1.51E+01 8.43E+00
39 2481.41 2478 - 2485 1.00E+01 9.38 8.00E+00 5.70E+00
40 2491.73 2487 - 2495 7.50E+00 9.41 5.00E+0Q0 6.29E+00
41 2505.45 2500~ 2508 1.13E+01 11.52 1.35E+01 T.70E+C0
42 2532.23 2528 - 2533 6.00E+00 4,90 0.00E+00Q 0.00E+00
43 2614,32 2608 - 2620 8.18E+01 22.24 Z2.038+01 1.06E+01
44 2728.27 2725~ 2730 4,75E+00 5.74 2.50E+00 3.08E+00
M = First peak in a multiplet regicn
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
Peak Analysis Performed on © 3M10/2016  4:25:01PM
Peak Analysis From Channel s
Peak Analysis To Channel . 4098
Tentative NID Library : WOR-GAMMA \ApexRoct\Countroom\LibranATMAZ.NLB
Peak Match Tolerance : 1.000 keV
Peak Energy ROI ROI Peak Net Peak Net Area Continuum Tentative
No. (keV) start end Centroid Area Uncertainty Counts Nuclide
1 17.20 15 - 1% 17.32 4.80E+03 1329.59 3.90E+0% NB-93M
2 21.74 20 - 24 21.86 2.17E+04 1384.86 4.13E+05 .....
3 29.22 28 - 41 29.33 1.69E+04 774.44 1.89E+4+05 I-1289
m 4 31.97 28 - 41 32.08 6.83E+05 2055.86 3.69E+05 .....




3/10/2016  4:25:09PM Page 7 o 28
Analysis Report for ~ 1603050-03
J1V8D3 SAF: RC-155

3

Peak Energy ROI ROI Peak Net Peak Net Area Continuum Tentative
No. (keV) start end Centroid Area Uncertainty Counts Nuclide
m 5 36.39 28 - 41 36.50 2.08E+05 1700.24 4, 47E+05 PM~145
' 1-125
‘ PM-145
6 50.19%9 49 - 52 50.30 2.40E+03 11i91.38 3.52E+05 TH-227
TE-132
7 59.44 56 - 63 59.5¢4 1.118+05 2105.77 6.63E+05 AM-241
8 93.65 92 - 96 83.73 2.56E+03 1234,3% 3.36E+05 GA-67
9 122.82 121 - 125 122.88 1.10E+03 1186.95 3.12E+05 EU-154
Co-57
10 155.2¢6 154 - 157 155.30 1.19E+03 958.78 2.295+05 ...
M 11 185.094 184 - 204 185.97 1.20E+04 859.20 2.02E+05 RA-226
12 188.71 184 - 204 188.73 1.27E+04 2020.40 6.08E+05 .....
m 13 182.34 184 - 204 192.36 1.12E+04 2019.20 6.10E+05 .....
14 265.95 264 - 269 265.93 1.63E+03 1309.47 3,41E+05 .....
15 379.29 377 - 382 379.21 1.16E+03 1348.36 3.63E+05 .....
16 472.60 4467 - 477 472 .47 3.12E+04 2609.89 8§.84E+05 SB-127
17 583.68 582 - 586 583.50 8.21E+02 606.11 8.07E+04 TL-208
18 651.50 649 - 654 651.29 1.15E+03 667.52 8.86E+04 .....
M 19 661.57 655 - 686 66l.35 4.84E+06 4451.52 8.72E+04 CS-137
m 20 681.23 655 - 686 681.00 1.12E+03 650.67 9.68E4+04 .....
21 692.67 690 - 696 692 .44 3.58E+03 835.76 1.23E4+05 .....
22 735.77 733 - 738 735.52 5.85E+02 583.26 6.74E+04 PM-146
23 1032.36 1030 - 1035 1031.99 3.34E+02 374.59 2.78E+04 . ....
24 1114.12 1112- 1117 1113.71 2.88E+02 333.82 2.208+04 . ....
25 1128.14 1125- 1131 1127.73 4_38E+02 366.29 2.40E+04 .....
26 1174.72 1172 - 1177 1174.29 3.86E+02 286.20 1.60E+04 . ....
M 27 1320.02 1314 - 1325 1319.54 3.19E+03 413.01% 2.24E+04 ... ..
m 28 1322.75 1314 - 1325 1322.27 3.37E+03 313.45 1.35E+04 .....
29 1332.88 1330- 1336 1332.40 1.%4E+02 227.66 9.28E+03 CO-60
30 1364.683 1362 - 1367 1364.44 1.548+02 186.26 6.79E+03 .....
31 1474.91 1472 - 1477 1474.39 1.33E+02 145.68 4.14+03 .....
32 1624.68 1622 - 1627 1624.11 8.97E+01 83.36 1.67E+03 .....
33 1738.63 1736 - 1742 1738.03 6.38E+01 72.45 9,04E+02 .....
34 2(028.38 2022 - 2031 2027.72 4.22E+01 42 .02 2.24E+02 .....
35 2068.61 2063 - 2072 2067 .94 3.59E+01 34.50 1.48E+02 .....
36 2115.67 2112- 2118 2114.99 2.17E+01 24.55 9.26E+01 .....
37 2238.70 2232 - 2243 2238.00 2.92F+01 25.38 6.56E+01 ...,
38 2474 30 2468 - 2477 2473.57 1.25E+01 12.45 1.51+01 .....
39 2481.41 2478 - 2485 2480.68 1.00E+01 9.38 8.00E+00 .....
40 2491.73 2487 - 2485 2491.00 7.50E+00 9.41 9.00E4+00 .....
41  2505.45 2500 - 2508 2504.72 1.13E+01 11.52 1.35E+01 .....
42 2532.23 2528 - 2533 2531.50 6.00E+00C 4.90 0.00E+00 .....
43 2614 .32 2608~ 2620 2613.58 8.18E+01 22.24 2.03E+01 TL-208
44 2728.27 2725 - 2730 2727.52 4,75E+00 5.74 2.50E4+00 .....
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3M0/2016  4:25:08PM Page 8 of 28
Analysis Report for  1603050-03
J1v8D3 SAF: RC-155
M = First peak in a multiplet region
m = Other peak In a multiplet region
F = Fitted singlet
Errors quoted at 2.000sigma
PEAK EFFICIENCY REPORT
Peak Analysis Performed on : 3M10/2016  4:25:01PM
Peak Energy Neft Peak Net Area Peak Efficiency
No. (keV) Area Uncertainty Efficiency Uncertainty
1 17.20 4,80E+03 1329.59 5.21E-03 9.36E-03
2 21.74 2.17E+04 1384.86 1.71E~-02 S%,.36E-03
M 3 29,22 1.69E+04 774.44 4 _75E-02 9,36E-03
m 4 31.97 6.83E+05 2055.8¢6 5.95E-C2 9.36E~03
m 5 36.39 2.08E+C5 1700.24 7.747-02 9.36E-03
6 50.19 Z2.40E+03 1191.38 1.17-01 9.36E-03
7 59.44 1.11E+C5 2105.77 1.29E-01 9.36E-03
8 93.65 2.56F+03 1234.39 1.33E-01 1.18E-02
9 122.82 1.10E+03 1186.95 1.21E-01 1.24E-02
10 155.26 1.19E+03 858.78 1.06E-01 1.09E-02
M 11 185.94 1.10E+04 859.20 9.43E-02 9.61E-03
m 12 188.71 1.27E+04 2020.40 9.34E-02 9.49E-03
m 13 192.34 1.,1i2E+04 2019.20 9.21E-02 9.34E-03
14 265.95 1.63E+03 1309.47 7.21E-02 6.22E-03
15 379.29 1.16E+03 1348.36 5.34E-02 4,28E~-03
16 472.60 3.12E+04 2609.89 4.38E-02 3.76E-03
17 583.68 §.21E+02 606.11 3.59E-02 3.28E~03
18 651.50 1.15E403 667.52 3.22E-02 2.99E-03
M 19 66l.57 4,84F+06 4451 ,52 3.18E-02 2.94E-03
m 20 681.23 1.12E+03 650.67 3.09E-C02 2.89E-03
21 692.67 3.58E+03 835.76 3.04E-02 2.86E~03
22 735,77 5.85E+02 583.26 2.86E-02 2.74E-03
23 1032.3¢6 3.34E+02 374.59 2.05E-02 1.88-03
24 1114.12 Z2.88E+02 333.82 1.90E-02 1.63E-03
25 1128.14 4.38E+02 366.29 1.88E-02 1.59E~03
26 1174.72 3.86E+02 286.20 1.81E-02 1.45E-03
M 27 1320.02 3.19E+03 413.01 1.62E-02 1.41E-03
m 28 1322.75 3.37E+03 313.45 1.62E-02 1.41E-03
29 1332.88 1.94E+02 227.66 1.61E-02 1.41E-03
30 1364.93 1.54E+02 186.26 1.57E-02 1.38E-03
31 1474.91 1.33E+02 145.68 1.47E-02 1.27E-03
32 1624.68 8.97E+01 93.36 1.35E-02 1.13E-03
33 1738.63 6.38E+01 72.45 1.28E-02 1.02E-03
34