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Identification of Test Method

The procedure described in this SOP has been developed by the LDEQ
Environmental Radiation Laboratory in accordance with the requirements of the
Louisiana Department of Environmental Quality. This SOP describes in detail
the essential elements of the procedure for performing Gamma Spectroscopy
analysis using the Canberra Genie 2000 Gamma Spectroscopy system with
Apex software.

Applicable Matrices

This SOP is applicable to the following matrices: Air (Charcoal Cartridges, Air
Particulate Filters), Fish, Milk (Whole Milk, lodine Resin), NORM samples,
Sediment, Vegetation, and Water.

Detection and Quantitation Limits

The Apex software calculates the Minimum Detectable Activity (MDA) for all
radionuclides in the nuclide library. The calculation is based on the level of
background radiation or noise in the region of interest where the characteristic
peaks of the nuclide would be expected to appear. MDAs are calculated using
the Currie algorithm, which is described more fully in the Genie 2000
Customization Tools Manual, Chapter 3, “Genie Algorithms,” pp 324-342. For
nuclides that have been identified, the MDA is calculated using the calculated
continuum under each peak that has been found and using the counts in the
spectrum for each peak that has not been found. For nuclides that have not
been identified, the MDA is calculated by summing the counts over an interval
centered on the characteristic location of each of the nuclide’s lines. There is
an inverse relationship between the MDA and the length of time for the count.
A longer count gives a lower MDA. The MDAs of all nuclides of interest are
listed on the instrument printout for each sample run.

The Limit of Quantitation (LOQ, reporting limit) for the nuclides of interest in
each matrix are given Table 1 below. For samples whose activity is at or below
the LOQ, the MDA is entered in the LIMS with the prefix “MDA” as the primary
result.

Limits of Quantitation

Matrix Air Fish Milk Sediment | Vegetation Water NORM
(Units) pCi/m3 pCi/kg pCi/L pCi/kg pCi/Kg pCi/L pCil/g
Mn-54 130 15

Co-58 130 15

Fe-59 260 30

Co-60 130 15

Zn-65 260 30

Nb-95 15

Zr-95 30
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Limits of Quantitation
Matrix Air Fish Milk Sediment | Vegetation Water NORM
(Units) pCi/m3 pCi/kg pCi/L pCi/kg pCi/Kg pCi/L pCilg
1-131 7.0E-02 1 60 2
Cs-134 5.0E-02 130 15 150 60 15
Cs-137 6.0E-02 150 18 180 80 18
Ba-140 60 60
La-140 15 15
Ra-226 5
Table 1

Scope and Application

This SOP describes in detail the essential elements of the procedure for
performing Gamma Spectroscopy analysis using the Canberra Genie 2000
Gamma Spectroscopy system by the LDEQ Laboratory.

Summary of Method

Gamma emissions are counted using the Canberra Genie 2000 Gamma
Spectroscopy system. A sample is placed on a detector inside a lead shield,
and emissions are counted for a specified length of time. The Apex software
assigns the counts to channels according to the energy of the emissions, and
produces a spectrum. Radionuclides are identified by the characteristic
energies of their emissions, by reference to nuclide libraries supplied by the
instrument manufacturer. The nuclide library used for characterization of
samples is designated as “Library1.” The nuclide library used for standards
calibration checks is designated as “Library5.” The nuclide libraries are listed in
Appendix D.

The activity of samples is calculated based on energy and efficiency
calibrations of the detectors to known standards.

The Apex software has been set up to calculate the Minimum Detectable
Activity for selected isotopes based on the level of background noise in the
region of the spectrum where the characteristic peaks the isotope would be
expected to appear. In cases where the activity of a radionuclide of interest is
statistically indistinguishable from the background noise, the MDA is entered
into the LIMS system.

Environmental radiological samples are analyzed for 2000 to 60,000 second
counts, depending on the desired MDA. NORM samples are analyzed for
2,000 second counts.
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Definition of Terms

Activity — a measure of the number of emissions produced by a radioactive
nuclide.

Duplicate Measurement — A second measurement made on the same (or
identical) sample of material to assist in the evaluation of measurement
variance.

ERL — LDEQ Environmental Radiation Laboratory
FWHM - Full-Width Half-Maximum, a measurement of the detector resolution.

lodine Resin — Anion-Selective Dowex 1-X8 lon Exchange Resin, used to
extract iodide ion from milk samples. See ERL SOP 1023,

keV — Kilo electron-Volts, the symbol for one thousand electron-volts

6.7  Minimum Detectable Activity (MDA) — The minimum level of activity that
can be measured (counted) with a defined level of confidence that the
measurement is not the result of random fluctuations in the background
count (i.e. “noise”).

6.7.1 The DEQ Environmental Radiation Laboratory defines the level of
confidence for the MDA at 95%. This means that for an observed
sample count that appears to indicate that the sample activity is
equal to the MDA, there is only a 5% probability that the sample
might actually be free of activity.

6.7.2 The MDA is also referred to as the detection limit or lower limit of
detection. The counting rate from a sample at the MDA is called the
determination level.

NORM - is an acronym for Naturally Occurring Radioactive Materials. It is
associated with oil and gas exploration and refining processes.

See QA Manual, Appendix B for additional definitions.

Interferences and Pretreatments

Refer to current official copy of LDEQ Sop_1023 for sample preparation.

Safety

Laboratory personnel shall be trained in radiation safety procedures.

Always wear a lab coat and safety glasses, goggles or lab face shield when
working in the lab.

Caution must be exercised as shield doors are very heavy. Please exercise
care as to not cause a back injury opening or closing shields. The door must be
opened all the way to allow easy access to the detector. Keep hands
completely clear of the shield opening when closing the shield door.
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8.4 The Canberra Genie 2000 Gamma Counting System uses Liquid Nitrogen to
keep the detectors cold. Refer to the MSDS for the handling of Liquid Nitrogen.

8.5  Material safety data sheets (MSDS) of all chemicals used in this SOP are
available at a web site maintained by Cornell University. The link is:
http://hazard.com.msds/index.php.

9.0 Equipment and Supplies

9.1 Canberra Genie 2000 Gamma Counting System
9.2 Germanium Gamma Detectors.

9.3 Lead shields

9.4  50-L Dewar for Liquid Nitrogen transfer.

10.0 Reagents and Standards

10.1 All standard information shall be entered into an appropriate logbook. All
standards are traceable to the National Institute of Standards and Technology
(NIST).

10.2 Gamma Standards are supplied by Analytics, inc. of Atlanta, Georgia and are
traceable to the National Institute of Standards and Technology (NIST).
Standards are formulated to include the radionuclides listed Table 2 below:

Nuclide Energy (keV) Emission Rate (gps)
Co-57 88.034 1063 £ 5%
Co-60 122.061 2502 + 5%
Co-60 165.853 2507 = 5%
Y-88 279.196 5069 + 5%
Y-88 391.688 5367 + 5%

Cd-109 661.657 2022 + 5%
Sn-113 898.042 2120+ 5%
Cs-137 1173.240 1353 + 5%
Ce-139 1332.500 1510+ 5%
Hg-203 1836.060 3158 + 5%

Table 2
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10.3 Standard Geometries used are shown Table 3 below:
Standard Geometries
Geometry _

Name Description Sample Type(s)
Geometry 01 | 1.0 L Solid Polyester Resin in 130G GA-MA Beaker | Water, Milk, Fish
Geometry 03 | 4.0 L Solid Polyester Resin in 430G GA-MA Beaker | Water, Milk
Geometry 04 | 500 mL Sand in 500-mL Marinelli Beaker Sediment
Geometry 05 | Vermiculite in 430G GA-MA Beaker Vegetation, Sediment
Geometry 06 | Face-Loaded BG-300 Charcoal Cartridge: Charcoal Cartridge:

Composite of 13 2-inch Glass Fiber Filters in Air Particulate Filter
Geometry 07 X

Sealed Bag. Composite
Geometry 09 |65 mL Solid Polyester Resin in 125 mL Taral Jar lodine Resin:
Geometry 10 500 mL Solid Polyester Resin in 500-mL Marinelli Water, Fish

Beaker
Geometry 11 | 65 mL Solid Polyester resin in 125 mL Taral Jar Quiality Control
Geometry 13 | Sieved Griffin Soil in 120-mL Delta Jar. NORM

111

Table 3

11.0 Sample Collection, Preservation, Shipment, Storage, and Sample Rejection

Policy

Procedures for sample collection are described in Section 11 of the current

official version of LDEQ SOP 1023, “Preparation of Samples for Gamma
Spectroscopy and Gross Beta Analysis.”

11.2

11.3

114

Samples received by Laboratory Services Division must be entered into the
LIMS. The procedure for logging in samples is described in Appendix A of the
current official version of LDEQ SOP 1023, “Preparation of Samples for
Gamma Spectroscopy and Gross Beta Analysis.”

In case of samples with incomplete chain of custody, contact the person(s)
submitting the sample to obtain the missing information. Document the contact
and how the information was obtained in the comment section of the chain of
custody form.

For policy on chain of custody usage, see Section 11.5 of QAM.
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12.0 Quality Control

12.1 A quality control program is required for this method. The requirements of this
program consist of demonstration of laboratory capability, and the continuing
analysis of a NIST-traceable standard of known activity as ongoing
demonstration of performance. All Demonstrations of Capability (DOC’s) must
be documented using the appropriate Certification Statement Form. The
analyst shall maintain performance records that define the quality of the data
that are generated.

12.2 Demonstration of Capability

12.2.1

The demonstration of capability is performed by analyzing the Quality
Control Standard four (4) times in each detector, and obtaining results
that satisfy the established QC acceptance criteria. The procedure for
analyzing the standard is the same as the Quality Control procedure
performed prior to sample analysis. See Section 14.2.

12.3 System Background Count — A monthly System Background count is performed
for each detector. The empty shield is counted for 60,000 seconds.

12.4 Pre-Analysis Quality Control Procedures

12.4.1

12.4.2

12.4.3

12.4.4

12.4.5

A full step-by-step description of how the Quality Control Procedures
are performed is given in Section 14.3, “Quality Control Procedures.”

For each detector, a QA Background Check and a QA Calibration
Check shall be performed prior to sample analysis on every day that the
detector is used. Acceptance criteria are listed in Appendix E, “Quality
Control Limits for Gamma Spectroscopy.” All acceptance criteria
specified below and in Appendix E must be met before the sample is
analyzed.

In the QA Background Check, the empty shield is counted for 1000
seconds, and the total count in picocuries is evaluated for channels in
the low region (50-400) and the high region (400-4096) of the spectrum.

In the QA Calibration Check, the Quality Control Standard is counted for
1000 seconds, and the key energy lines and decay-corrected activities
for Cd-109, Cs-137, and Co-60 are evaluated. The resolution of the Co-
60 peak at 1332.501 keV is also evaluated.

During the QA Calibration Check, the Apex software performs the
following statistical tests:

12.4.5.1 N-Sigma Test: Tests whether the values fall within defined

confidence interval based on the standard deviation of previous
measurements over a three-month period subsequent to the
energy and efficiency calibrations for the current set of standards.
Because of differences in detector response, the statistical control
limits will always be slightly different for each detector.
Measurements outside the warning limit (£ 20) will be flagged with
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“In” (Investigate). Measurements outside the action limit (+ 30)
will be flagged with “Ac” (Action).

Trend Test: The software evaluates the previous 20 samples
tested and prints a warning message if the values appear to be
moving persistently upward or downward.

When a new set of standards are acquired, the QC acceptance
criteria must be recalculated. The number of data points used to
calculate the acceptance criteria shall be not less than twenty, nor
more than three months of accumulated data. Until a sufficient
number of data points have been accumulated from the new
standards, the standard deviations from the previous set of
standards will be used to calculate control limits for the new
standards, with a mean value specified to be the assay value of
the standard.

12.4.6 Acceptance criteria for the Quality Control parameters have been
established according to the rules. See Table 4:

Rules for Quality Control Acceptance Criteria
N-Sigma .
Parameter Boundary Test Warning Limit NTS'Q”.“’".
: Action Limit
(Investigate)
Peak Energy - 88.034 + 1.0 keV +20 + 30
Peak Energy - 661.657 + 1.0 keV *20 +30
Peak Energy - 1332.501 + 1.0 keV +20 + 30
Peak FWHM - 1332.501 1.75-2.20 20 + 30
Decay-corrected Activity - o
Cd-109 + 6% of Assay + 20 + 30
Decay-corrected Activity - o
Cs-137 + 6% of Assay + 20 + 30
2g?gg—corrected Activity - + 6% of Assay + 20 +30

Table 4

12.4.7 The following condition indicates a QC failure: An ““Ac” (Action) flag in
any of the N-Sigma Tests.

12.4.8 An “In” (Investigate) flag in an N-Sigma test is a warning, but is not
considered to be a QC failure. An “In” flag does not preclude the
running of a sample, but the analyst must investigate and initiate action
to correct the problem.

12.4.9 A warning message in the Trend Test must be investigated, but is not
considered to be a QC failure so long as the N-Sigma test is passing.
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12.5 Corrective Action

12.5.1

12.5.2

12.5.3

12.5.4

12.5.5

QC failures are an indicator of possible problems with the detector or
instrument settings. Actions must be taken to correct any problem(s)
before continuing with sample analysis.

Gamma detectors are sensitive to sudden changes in weather and
temperature. In most cases, a QC failure is caused by a temporary
change in ambient conditions. It is permitted to repeat the QC
procedure at a later time to see if the condition that caused the failure
has changed, but not more than three times in a 24-hour period. If the
failure persists over several days, it may be necessary to recalibrate or
service the detector.

Quality Control failures are often caused by not allowing sufficient time
after filling the liquid nitrogen Dewars before performing the Quality
Control procedure. On days when the Dewars are filled, a minimum of
two hours must be allowed to elapse before performing the Quality
Control Procedure. Do not add liquid nitrogen to a Dewar during
the time between the QC procedure and the sample analysis.

Persistent QC failure in peak energy measurement may indicate a drift
in the detector response. This may be correctable by performing a new
energy calibration, or by adjusting the offset and/or the fine gain for the
detector. This procedure should only be performed by an experienced
operator or technician. Instructions for the procedure are found in the
Apex Operations Manual.

Persistent QC failure in decay-corrected activity may be correctable by
performing a new energy or efficiency calibration, as described in
Section 13.0.

12.6 Control Charts.

12.6.1

The Apex software keeps a record of all QC measurements, and
automatically generates error messages whenever established control
limits are exceeded. The software allows the operator to generate a
control chart to cover any period of time. Control charts shall be printed
for the peak energies, resolution and decay-corrected activities
evaluated in the Quality Control Procedure, on a quarterly basis and
whenever a persistent sequence of QC failures is observed. The
control charts shall be kept in the same binders as the individual Quality
Control reports for each detector.

13.0 Calibration

13.1 A new set of calibration reference standards shall be purchased annually. The
reference standard shall have the same general characteristics (i.e., geometry,
homogeneity, density, etc.) as the associated samples.

13.2

Information on the calibration standards is stored in Certificate Files. There is a
separate certificate file for each calibration standard geometry. The certificate
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file includes the calibration date and time, and the measured activity and
%uncertainty for each radionuclide in the standard. Whenever a new set of
calibration standards is received, a new Certificate File must be created for
each geometry before the new standards can be used.

After the new certificate files have been prepared, a Full Energy and Shape
Calibration must be performed for each detector, using one of the new
standards.

After the annual Full Energy and Shape Calibration have been performed, an
Efficiency Calibration for each geometry and each detector must be performed
using the new standards.

A preliminary evaluation of all Energy and Efficiency Calibrations shall be
performed for each detector prior to the first time the detector is used after the
calibration. Acceptance criteria for Energy Calibrations are given in Section
16.3. Acceptance criteria for Efficiency Calibrations are given in Section 16.4.

Instrument Calibration will be verified on each day of use, prior to sample
testing, by performing the Quality Control procedure described in Section 12.4
of this SOP.

Certificate Files

13.7.1 Information on the calibration standards is stored in Certificate Files.
There is a separate certificate file for each calibration standard
geometry. The certificate file includes the calibration date and time, and
the measured activity and %uncertainty for each radionuclide in the
standard. Whenever a new set of calibration standards is received, a
new Certificate File must be created for each geometry before the new
standards can be used. A new certificate file is created by editing the
old certificate file for the same geometry and saving with a new file
name. The information to be entered is found on the SRS (Standard
Reference Source) calibration certificate that comes with the new
standard.

13.7.2 The example shows how a new certificate file is created. The example
shows Geometry 11 (Quality Control), but the same procedure is
performed for each geometry.

13.7.2.1 Inthe Apex — Setup View screen, select the “Editors” tab. Click
the “Certificate” button to open the Certificate File Editor.

File Edit View Service Help

aaaaaa
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13.7.2.2 The Certificate File Editor screen will open initially with all the

fields blank.

¥i Apex Certificate File Editor - Untitled [= | [X]

File Options Help

Title: |

0  unitfz]

[uiantity:

Azzay date:

Original Certificate: |

Line
Muclide:

——

Y
E—

——

Energy:
Emigsion R ate:

Rate Uncertainty: +4-

Add

Half-Life:

—
—

gpz of apg per unik gquantiy

¥ Use for Calib/INIT

Uncertainty; +/-

X

O
W T =

?

Clear |

Muclide Energy [keW]

Rate Elncert

Half-Life

13.7.2.3 Go to File and Open the old certificate file for the geometry. The
file name will be in the format YYYYGEONn.CTF where “YYYY” is
the current year, and “nn” is a number assigned to the geometry.
For example, 2007GEO11.CTF is the name of the certificate file
for Geometry 11 (Quality Control) for 2007.

¥ Apex Certificate File Editor - Untitled \j|ﬁ|®

Options

Help

Exit

aps of aps per unit guantity

[+ Use for Calb/INIT ?

| Add

| ol

Azzay date: at |
Browze
alf-Lfe: v D
™ H M
certainty: +7- = 5

== |

MHuclide Energy (ke

Rate Elncert

Half-Life
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i Apex Certificate File Editor - Untitled |:||__|z|

File Options Help
Title: |
Guantity: I 0 unitfz] Aszzay date at
Original Certificate: I Browse
-~ Line
Muclide:
Energy: l_ Lock in: I@ Library ;I - & BB
Emission Rate: 2 D0ld Certificates EA_GNE ELibrarys.nlb
Rats Unosttainty: 4 <) |El2007GEC01.CTF - Elcoi_lib.clb ENAIDEMONLE
i | MpRecen |B12007GECO3.CTF  EIDEMOLIB.INLE ENBSSTD .CTF
i Documents |21 2007GEC04.CTF - EExercisenlb ENew_Library1.h
Helee = 2007GEO0S.CTF - EH_OMNE Ep_RNEB
B 2007GE006.CTF - ELibraryl nlb Es snB
beskiop | B2007GEC07.CTF - Blibrary2.nlb EIS_T_CLDNLB
B 2007GE000.CTF - ELibrary4.nlb EsToLIE NLB
7 007GED10.CTF  BLibraryS.nlb B stdlibEP&R.Mib
'l,-"\" e=oleld  ELibrarys.nib ET_TMNE
" B 2007GE013.CTF  ELibrary? nlb Bu_znlb
|y Documents
L 117} | l
File name: |2DD?GED‘I 1.CTF ;I Open I
My Computer Files of type: IAII ;I Cancel |

™ Open as read-only

_,f

13.7.2.4 When you open the old certificate file, the old certificate data will
appear in the fields. Go to File and Save as current certificate
file, changing the year in the filename to the current year.

¥ Apex Certificate File Editor - 2007G...[ | | [X]

S save As ?|X|
;T,::mit Save i IE} Library ;I - £k B o
o 20Id Certificates 5 2007GEC10.CTF —
") B 2007GEOD1.CTF B 2007GEQ11 CTF owse_|
e [B12007GEQ03.CTF B 2007GEO13.CTF :
Nucidd | 20075EC04.CTF BINBSSTD .CTF 'E:

Energy) | 2007GEQDS.CTF
Erissiol [ B 2007EEC06.CTF
raeul B 2007GECOD7 CTF

2007GECN9.CTF
Mug
P File: name: |2DDBGEDD‘I1 Save I
E: Save as type: ICertificate Files [*.CTF] ;I Cancel |
Hy

!UHUUUUUU

C3
H Description: 2008 Q.C. 5td)
c
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In the Certificate File Editor Screen, change the Title, Assay
date and time to match the information on the calibration data
sheet for the new standard. Make sure that you enter the correct
time for the Central Time Zone (E.g., 12:00 PM ET = 11:00 AM
CT).

Wi Apex Certificate File Editor - 2007G... [ |[[1[X]
File Options Help

Title: |Q.E. Std.. SRS 75728A-65 2007
DQuantity: 1 unitfs) Assapdater | 741/2007 &t [11:00:00 &M
Original Certific-ate: | Browse
Ling
Nuclide: Cd-108 Halt Life: 4626 ; : ; Ed
Energy: B8.034 Loy Uncertainty: +/- 1 ¢~
Ermigzion R ate: 2046.000  gps or aps per unit quantity
Rate Uncertainty; +/- IR0 o ¥ Use for Calib/INIT 7
Add Change | Delete | Clear |
Muclide Energy [ke¥] Rate: ZUncert Half-Life:

2046000

Co-E7 1zz. 08l 1076000 Z.90 271.74 D

Ce-132 1658632 15z2.000 Z.40 137.64 D
Hg-203 279,196 3186000 Z.40 46. 61 I
En-1132 281688 Z14E5.000 Z_E0 115,09 D
Cs-137 EE1_EE7 1z70.000 Z.80 1097180 D
T-22 292042 £130.000 Z.60 10668 D
Co-€0 11732240 EE3E.000 z.70 19EE.32 D
Co-g0 1332, 500 £537.000 £.80 1925.33 D
* T-88 123600 L£43Z.000 Z.e0 106 658 D

Highlight the first nuclide on the list. Enter the Emission Rate
(GPS) and Rate Uncertainty from the calibration data sheet into
the fields above the list, then click the Change button to save the
changes made. Repeat this for each nuclide on the list. DO NOT
change the energy or half-life.

After all of the Emission Rates and Uncertainties have been
changed to match the certificate for the new standard, Save the
file and Exit.

13.7.3 Count a Calibration Spectrum

13.7.3.1

13.7.3.2

Before an energy or efficiency calibration can be performed, a
calibration spectrum must be counted. The count time shall be at
least 2000 seconds.

Put a calibration standard onto a detector. If you are doing an
energy calibration, any of the standards can be used. If you are
doing an efficiency calibration, use the standard for which you
wish to calibrate the efficiency.
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13.7.3.3 Onthe Apex — Calibration View screen, select the “Count” tab.
Select the detector to be used from the pull-down menu. Select
the Calibration Count Type. If you have chosen either of the

efficiency calibrations, select the geometry that corresponds to
the standard being used.

Apex - Calibration View
File Edt View Service Help

[ =]
il @ — 5 «d =] [
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Count | Energ| E: | Effciercy | ] | ]
s [ IENETY
AT - | oc 10 (04 Foical
Calbiaion Courk Type. wezet:_1000.0 7 1000.0
& Enagy

" Efficiency

€ Efficiency Corfimalion

2007GE0 1 -
Fresel

Courd Time: 2000 seconds.

Itz : bt
Stat Clor | Use Cumem Spactum » ave Sel

13.7.3.4

Choose a certificate from the pull-down menu that corresponds to
the standard being used.

Apex - Calibration View

=S

File Edit View Service Help

] = & & ﬂ w

[Main Samples Quiality Assurance Callbration [Data Review Sehup Reports Archives
Court | Enengy| ion | Efficiency| Eifci | | |
o L ) a3
ETO! =1 —pETon: [9AFaieq
Lolbration Count Type Channel: 2048 1023.9 [ke¥) Counts: 107 _Preset: 1000.0 / 1000.0
= Enengy
© EMficiency

" Effciency Confrmetion

2047 ke
2018 10244 ke

2048 10233k
0 x000%

13.7.3.5 Click on the “Clear” button to clear out any existing data

13.7.3.6 Click on the Start button. The count will be performed
automatically, and a spectrum will appear in the display window.
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13.7.4 Energy Calibration

13.7.4.1 After the calibration count is complete, perform the following
steps.

13.7.4.2 Onthe Apex — Calibration View screen, select the “Energy” tab.
Select the Detector and Calibration Count that you want to create

an energy calibration for, using the pull-down menus at the top of
the screen.

Apex - Calibration View Q@E
File Edit View Service Help
] : &b al Q w
| Main Samples Quiality Assurance Callbration Data Review Selup Reports Archives
Counr Enemy| Eeney]| ] I ” ]

fufis @ =+

Idle | VFS=16 | Channel. 128 - 0.0 (keV]

13.7.4.3 To the right of the spectrum, you’ll see a list of energies with data:
channels, FWHM, and Low Tail. This list corresponds to nuclide
energies in the Geometry Certificate File. Click the cursor on the
list entry for 88.0 keV to highlight the entry.

Apex - Calibration View Elﬁlg
File Edit View Service Help
E= & o
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Court Energy | Efficiency| | | |

Detector
e @) sl e =l

Change Ceicals.
Idie | VFS=64K_| Channel: 2048 - 10241 keV) _Coums
65536

Cysar

Matkers

Delte Line

R ek

Ao

Fleduced ChiSquaie
pecium | Energy

FWHM

LowTat
Equations Fit Options
Enercy 4 6EE 003 + 0,500 Ch + -1 034 PWHM; 0826 - 0030 "E 5 Low Tak 0509+ 6 77E-004 "E Polynonial Oider

Save Cancel
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13.7.4.4 Immediately above the spectrum display is a row of little boxes.
One of the boxes has a picture of a magnifying glass with a plus
sign (+) in it. Click on that box to activate the “Expand On”
function.

Apex - Calibration View
File Edit View Service Help

SEIS

m = g = a8 &
[Main Samples Quality Assurance Callbration Data Review Sefup Reports Archives
\ Count  Eneray | Enesgy Recaibration | Efficiency | Efficiency Approval | Energy Review | Efficiency Review |
Deteclor Calipralion Coun:
g & =+ [pETO4 ~|  [6/23/20081:3552PM  EneigyCal 2007

=] Change Cartficate
T

5<64K | Channel 176 : BB.0 (keV) Counts: 48730 Preset: 2000.0 / 2000.0

i

Cursar ‘
Matkers

Delete Line

Ref Peak.

Fleduced Ch-Square
 Spectun | Energy

PWHM:

Low Tai

Fit Options

Energy: 4 68E-003 + 0,500~ Ch + 1. 06E-007  Ch"2 FwHM: 0826 + 0.030"E 5 Lows Tail: 0,509 + 6.77€-004 =E Polynomial Order:

Fiint View Report Save Cancel

13.7.4.5 The spectrum display will split horizontally into a dual display of
the same spectrum. The lower window will show the entire
spectrum, with a small box and two channel markers. The small
box can be moved along the spectrum to select the region of the
spectrum that appears in the upper window. As you use the
cursor to drag the small box or move its boundaries, the upper
window will show a magnified view of the region of the spectrum
that falls inside the box.

13.7.4.6 Position the cursor on the top of the peak that corresponds to the
energy level (keV) that you have highlighted on the peak list.
The channel, energy level (keV), and number of counts are shown
in the bar immediately above the spectrum. Fine movement of
the cursor can be performed using the side-to-side arrow keys on
the computer keyboard.

13.7.4.7 The top of the peak is the cursor position that shows the highest
count in the vicinity. The channel number will be approximate 2
times the energy level (keV).
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13.7.4.8 With the cursor on the top of the peak that corresponds to the
energy level that you have highlighted on the peak list, click the
“Cursor” button to the right of the list. The Channel number,
FWHM, and low tail will be filled in on the list.

Apex - Calibration View
File Edit View Service Help

i @ = @ éd W a

&
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Count Energy | Eiciency | |
Detector Lol ation Count
e lufin &) =/ [oeTos ] [o002001 3552 EreigyCal 20076€004 =] __CrageCoticae. |

Counts: 48730 Preset_2000.0 / 2000.0

Feduced ChiSquare
 Spectum | Energyr 1.000€ 4000
© Eneiy PU/HM: 0,000 +000
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o

Fit Op
Energ: 5156011+ 0439"Ch FWHM, 0.0+ 007E "5 Low Tk 2176014+ S16E-003°E | Poymomial Ordes:

Piint View Repart.. Save Carcel

13.7.4.9 Repeat steps No. 13.6.4.6 through No. 13.6.4.8 on the energy
peak at 661.7, and again for the energy peak at 1836.1.

Apex - Calibration View

File Edit View Service Help
i @ = 2 g e

Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Count Energy | Efficiency| |
Detectar Caiivation Count
o fufie @ =< DETO4 L2 6/23/200813552FPM  EreignCdl  2007GE004 =] _ Change Cegtiicale.

[1die TVFS-64K [Channcl: 3673 1836.0 (ke¥) Counts: 2434 Presct: 20000 / 2000.0

Cur
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Pirt Visw Rapast. Save Cancel
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13.7.4.10 After the three peaks have been set, click the “Auto” button. The

remaining values will be calculated automatically and entered into
the list.

Apex - Calibration View
File Edit View Service Help

L 5]
[] ®

= o 6o e =] w
[Main Samples Quality Assurance Callbration Data Review Setp Reports Archives
Court Energy | Elficiency| Eifei | | Effciency 1
Derector Colirabon Count:
e fufir R =] [oETOL v]  [E2320067 52PN  EnayCa Z007GEDD Changs Cericate..
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FHH: 0826 + 0030 °E 5
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Pit View Aepot.

Sawe Gancel

13.7.4.11 Click the “Save” button immediately below the spectrum to save
the spectrum.

B MEES
] @

= @ G l [
Main Samples Quality Assurance Callbration Data Review Sehup Reports Archives
Coumt Energy | Eificisncy| i | Eti
Detector Caliraton Count
e lufie & =< [<tHone> =] [etores 2| |
[Vdle TVFS=16 [ Channel 128 0.0 (ke¥) Counts: 0 Preset: 0.0/0.0

Pk,

Low Tt
FilOptions
Energy: FodHi i Pomomial Order: [2 |
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13.7.4.12 To view and print the calibration report, Click the “View Report”
button immediately below the spectrum. The program will begin
preparing the report.

L HEIE

(1] z 6® ol =] L
Main Samples Quality Assurance Callbration Data Review Setup Reports Archives
Count Enery | Efficiency | |
Detector Calivation Count
e bufle & << DETO4 =] 6/23/20081.9552PM  EreigyCdl  2007GE004 =] Change Ceptficate.

Idle [VFS=6AK | Channel 3673 1B36.0 (keV) Counts. 2434 Preset. 2000.0 / 2000.0

Carsor

Maikers
Deets Line
Fet Peak

£uto

 Energy Fusbih: 1.162£ 4000
© Shape Low Tait 1,095E-+000

Equations Fit Options
Eneigy: £18€-003 + 0,500 * Ch + -1 0BE-007 * Ch"2 FwHM: 0826 + 0.030° E °5 Low Tait 0,508 + .80E-004 *E Pogmomal Odes: [~ |

Piirl View Repal.. Save Cancel

13.7.4.13 When the Energy Calibration Report appears, click the “Print”
button to print the report.

Iy - X]

] @ = 3 & 1d

Main Samples Quality Assurance Calibration Data Review Sefup Reports Archives
Count Eneny | Efficiency| |
Detector Caligeation Count

s Bl &) =[] [oETOM - [6/23/2008 13552 P EneigyCal  2007GEQ0A ~|  Change Ceptficale.
[

-64K_[ Channel: 3673 : 1836.0 (keV) Counts: 2434 Preset: 2000.0 / 2000.0

Apex Report Viewer

Cursor
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8 222:17PM

Energy Calibrate Performed on
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Energy: 616E-003 +| Energy Calibrate Type

< >

Inext Pace page1of2  zoom level 100.00%
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13.8 Efficiency Calibration

13.8.1 Take the standard with the Geometry for which you wish to calibrate the
efficiency, place it on a detector, and perform a calibration count as
described in Section 13.7.3.

13.8.2 Onthe Apex — Calibration View screen, select the “Efficiency” tab.

Select the Detector from the pull-down menu. Use the checkbox to
select “Use Calibration Count.”

Apex - Calibration View
File Edt View Service Help

1) @ =

£ s &b al a g
Main Samples Quality Assurance Calibration Data Review Sefup Reports Areh
Count | Energy | Energy Recaliation  Efficiency | Efficiency Approval | Eneigy Review| Efficiency Review |
Detector Create Caiibration
<None> hd
<hone>  Use calibration counts
DETO
DETO2 ™ Use energy. efficiency, ermor tiplets
DETO3
DETO4 " Import evtenal caibration fie
Calibration Digciiption c

13.8.3 Select the Geometry from the pull-down menu.

Apex - Calibration View
File Edit View Service Help

b @ = £ éB l
Main Samples Quality Assurance Calibration Data Review Setp
Count] Emergﬂ Energy Recalibration Ef“C‘E"EP] Efficiency Approva\l Energy Heviewl Efficiency Haview]

Detectar. Lreate Calibration

DETO4 -
(" Usge calibration counts
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™ Use energy. efficiency, errar triplets

" Import extemal calibration file
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Air Particulate Filker Composite
Charcosl Cartridge
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MNext »
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13.8.4 Enter a Description for the Calibration in the designated field and click
the “Next” button.

Apex - Calibration View
File Edit View Service Help

fud & = & &b l a
Main Samples Quality Assurance Calibration Data Review Sefp
Count | Energy| Energy Recalibration Elhciency} Efficiency Appioval| Energy Review | Efficiency Feview |

Reports

Detector Create Caliration
DETO4 -

 Use calbration counts
Geomety

" Use energy, efficiency, eimor tiplets
050 Marineli Beaker / Sand v
" Impoit extemal calibration file
Calibration Descriptior: -

0.5 L Marinelli

13.8.5 Alist of calibration counts will appear. Select a calibration count to use
by clicking the check-box next to the count.

Apex - Calibration View
File Edit ‘iew Service Help

fid @ = 2 i) w =]
Main Samples Quality Assrance Calibration Data Review Setup

Count | Eneray| Eneray Recalbration  Efficiency | Effciency Approval| Eneray Review | Efficioncy Rreview|

Beports

Detector. DET04 Geometry: 0.5L Marineli Beaker / Sand

Select One or More Calibration Counts:

Date

Count Description Certificate
[ 6/23/2008 1:35:52 P Iritial Eff 2007GEOD4
r

< Previous Mest >
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13.8.6 After you have selected the calibration count to be used, click on the
“Next” button. The program will analyze the count.
¥

fid L = &3 & a 8

Main Samples Quality Assurance Calibration Data Review Setup Reports

Count | Energy| Energy Recaliration  Effiiency | Efficiency Appraval | Energy Reviews| Efficiency Feview |

Detector: DET04 Geometry: 0.5L Marineli Beaker / $and

Select One or More Calibration Counts:

Date Count Description Certificate
6/23/2008 1:35:52 PM Initial Eff 2007GEO04
Analyzing the calibrati...
Analyzing the calibration count...
-

o
< Previous Mext > gy G

13.8.7 The Efficiency Curve will appear on the screen, with error bars
indicating the uncertainty in the fit for each data point.

Apex - Calibration View
File Edit View Service Help

i L = " & “ 8

Main Samples Quiality Assurance Calibration Data Review Sefup Reports
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Calibration Models
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View Canfimation Count
Dual Low Paly Order
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Flat Wiew Report... < Previous Save Cancel
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In the example shown, note that the error bars for the point at 279 keV
are much larger than the error bars for any other data point. This point
represents a peak for Hg-203, which has the shortest half-life (46.61
days) of all the nuclides in the standards. As the standard ages, the
Hg-203 peak eventually becomes too weak to measure accurately. If
this condition is observed, a better calibration curve may be obtained by
dropping the Hg-203 data point. NOTE: This is NOT analogous to
dropping a data point from a standard response curve — rather, it is
analogous to running a response curve using nine standards instead of
ten to span the same range.

| Idle [ Energy (keV): 88.0  Efficiency %: 51/51
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To delete a data point from the curve, first click on the data point to
select it, then click the “Drop Selected Point” button to remove the point
from the curve.
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13.8.10 In the “Calibration Models” box immediately to the right of the spectrum,
confirm that “Dual” is selected from the “Description” pull-down menu.

Apex - Calibration View
File Edit Wiew Service Help

fi.d] @ = =" S °ﬁ =]

Main Samples Quality Assurance Calibration Data Review Setup Reports

Count| Eneray| Eneray Recaibration Elficien:y} Efficiency Approval | Eneray Review| Efficiency Review |

| | Detector: DETO4

83034 5 118E-+000 1 364E-001 5 1126000 1.316E-001 6716 sl — o
122,081 6.311E+000 1.867€-001 £.332E+000 1.529E-001 21956002 Geometry: 0.5L Maineli
185,853 £ 073E +000 1 BRE-001 £ 0GE +001 1.26E-001 2 388E 02
391 688 3.4506+000 9.420E-002 247564000 54686002 2.565E-002,
B51 657 2 334000 B RITE-002 2 286E 4000 4.830E-002 4 7aeE-mnz [ -
idle | Enerqy (kev) 391 7 __Efficiency % 34735 Cabration Modele
Description: |Dual =
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Residual |5.509€ 007 ¢ Diop Selected Pont

Eneray vs. Efficiency Model
Poly Order: 5 =
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Hi Eneray: Infe) = -4.007e+002E + 3.2272+002 * (In(E ]} - 1.0426+002 * ((E)"2 + 1 77e+001 = (n{E)]"3 - 1.350e+000 = (InfE))"4 +
43352002 = (In(E))"5

Plot View Report < Previous Save Cancel

13.8.11 In the “Energy vs. Efficiency Model” box, select the “391.688” peak from
the “Dual Cross Over” pull-down menu.

Apex - Calibration View

File Edit View Service Help

fi] @ E= & & l a
Malr Samples Quality Assurance Calibration Data Review Setup Reports
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£6.034 5118E-+000 1,954E-001 511264000 1.516E-001 57165 103
122,081 6311E+000 1.867E-001 £.332E4000 1.525€-001 -21956-002 ety OELRNETE]
165,853 £079E-000 1,552E-001 £055E 4000 1.296E-001 2.368E-002
391 638 34506000 94206002 347564000 8.466E-002 -2 565002
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5 P 4735 Calibration Models
Description: |Dual -
Statistics

Reduced ChiSquare: [4287E.001
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4.339e-002 = (InfE)I"S
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13.8.12 The Dual Cross Over improves the accuracy of the calibration by using
one equation to fit the upper portion of the curve, and a different
equation to fit the lower portion. If the two portions of the curve do not
intersect smoothly at the cross over point, select a different cross over
point. If the curve is smooth, click the “View Report” button to view and
print the report, as shown in Sections 13.7.4.12 and 13.7.4.13, then
click the “Save” button to save the Efficiency Calibration.

Apex - Calibration View

File BEdit Wiew Service Help

(I @ = @ & ! a
[Main Samples Quality Assurance Calibration Data Review Setup Reports
Count | Energy| Energy Recalibration thcwency} Efficiency Approval | Energy Review | Efficiency Review |

oy % o C o erce || Detectar: DETO4
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Reduced ChiSquare: [1 5356000
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- Compare Eff Fiepart
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Plot View Report < Previous Save Cancel

13.8.13 After the Efficiency Calibration has been saved, it will need to be
approved before the Calibration can be used for sample counts.

¥
fu] @ = 2 &
Main Samples Quiality Assurance Calibration Data Review Sehup Reports
Count | Energy| Energy Recalibration  Efficiency }Enmencmpp.wall Energy Freview | Efficiency Review |
Detector Lreate Calibration
<Morey hd
Geomely:

06l Marinelli Beaker / Sand

Calibration D egcription; gl

05 L Marineli

A The calibration has been saved.
= Approval is required befare it can be used for sample counting.




Gamma Spectroscopy
SOP_1557_ri11
September 8, 2009
Page 30 of 79

13.9 Approval of Efficiency Calibration

On the Apex — Calibration View screen, select the “Efficiency
Approval” Tab. Select a detector from the pull-down menu.

Apex - Calibration View

File Edit ‘View Service Help

fi.d @ &= £ &b ] =]
[ain Samples Quality Assurance Calibration Cata Review Setup Reports

Count | Eneray| Eneray Recalibration | Efficiency EVflmenchpumvallEna.gyﬁawaw} Efficiency Review |

Datector Select an Efficiancy Calibratior

| Monex _v| | CreationDate Description Status Expiation Date

Select a Geometry from the pull-down menu.

File Edit View Service Help
fi & = & &b ] a8
[Main Samples Quiality Assurance Callbration Data Review Sefup Reports
Count| Eneray| Eneray Recalibration| Efficiency ErfimenchpnmvaI]Eneugyﬁewew} Efficiency Review |

Detector: Select an Efficiency Calitatior:
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-
ingll Beaker / Sand

05L Marinell Beaker SPR
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13.9.3 Alist of the Efficiency Calibrations that have been performed for the

selected detector and geometry will appear. The list will indicate the
status of the calibrations, as either “Current”, “Old”, or “Pending

Approval.”

Apex - Calibration View

File Edit View Service Help

fin @

Main Samples Quality Assurance Callbration Cata Review

=) ol
Setup

Reports

Count| Eneray | Eneray Recalibration| Efficiency  Eficiency &pproval | Eneigy Review| Efficiencu Review|

Detector: Select an Efficiency Calbration:

|DETOS | | Creation Date Description Status Expiration Date
7/16/2008 2:34:55 PM 05L Marinell Pending Approval 7/16/2009 2:34:55 PM

Brmty B/23/2008 2:26:51 PM Efficiency Caibration Geo 04 Cuent 5/23/2009 32740 PM

and click the “Next” button.

13.9.4 Select the Efficiency Calibration that you wish to review for approval,

Apex - Calibration View

File Edit Wiew Service Help
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Quality Assurance Calibration
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Samples Data Review
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13.9.5 The selected Efficiency Calibration Curve will appear on your screen. If
you wish to select a different curve, click the “Previous” button below
the curve to return to the previous screen. If this is the curve you wish
to approve, click the “Approve” button below the spectrum.

Apex - Calibration View
File Edit Wiew Service Help
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IMair Samples Quality Assurance Calibration Data Review Setup Reports
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Hi Eneray: Infe) = -5.430e+001E + 2.4336+001 * (IE)]" - 3.764e+000 T

[E)'2 + 1871001 * (InE))"3

13.9.6 Click “OK” on the dialog box to complete the approval process.
¥

fi @ = o &b ad =]
[ain Samples Quality Assurance Calibration Data Review Setup Reports

Count | Eneray| Eneray Recalibration| Efficiency EmmenwAumwa||EnE,wREV‘EW} Efficiency Review|

Datector Select an Efficiancy Calibratior

| <Mone> _v| [ CreationDate Description Status Espiation Date

Geomety:

0.5 Marineli Beaker / Sand g

g The efficiency calibration has been approved.
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13.10 Monthly System Background Count
13.10.1 A monthly System Background count is performed for each detector.

13.10.2

13.10.3

Begin by examining the detector to ensure that the shield is empty and
closed.

On “Apex - Main View” Screen, Click the “QA Check” button in the
upper right corner of the detector window. Select “System Background”
and click “OK”. The window color will change from blue to green for the
duration of the count.
» - 3]

MEEH Sa%es Quahwlﬂzwance Cahgwn Dataé;:wew Sé,td\;JD EEEE F\rc%\]ves

Type: [<Al

Sample 10 Desciplion

Ho Samples Avalable:

QA Check

0A Counl Type
 Caiteation Chack
" Backgiound Check

 System Backgiound

"
“\‘M.AJ Lxm-w,..h.»ﬂmhm\.««.-

Y PO

dbouchar ERL_GAMMA_SYSTEM INDI5421 Paak Labaks ON cp UM

For Help, press F1
fpex-M.. [MReports  (moo0BGE.. [ untitled-. [ MyPichires [B 161008 | o uoBorf 11:39 AM

The System Background count will run for 60,000 seconds. When the
count is complete, a two-page Gamma Spectrum Analysis and Peak
Locate Report will print out automatically. The Q.A. Report shows the
evaluation of the background Q.A. control limits. Staple the Gamma
Analysis/Peak Locate and Q.A. Reports together, initial and date, and
place in the designated binder.
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14.0 Procedure

14.1 The Apex — Main View screen shows four windows, one for each detector.

14.2

The color of the window indicates the state of the detector. At the left-hand
side of the screen is a list of samples that have been entered but have not yet
been run.

Apex - Main View EE\
File Edit WView Service Help
L. & = & & l a8
Mair Samples Quality Assurance Calibration Data Review Setup Reports Archives

Type: [l < [ pETON: 1evaiable] DETOZ [fvalable]

[ aL14517 DwiF2 DWF02
[ aL14518 DWEOS DWEDS
[=aL14513 DwPO7 DWPIT
[ AL14520 Swkat SwKOT
[=ALT4EE METOWAP  METOW.
L= AL14525 ZACRYAP ZACRYA,
| AL14527 APFOTAP APFOTAP,
e AL14528 APE 304P APEI0A,

DETO4: [Avaiable]

J\LJJJMH%

Stat

1IN

ERL_GAMMA_SYSTEM [ND15421 Peak Labels ON UM

Apex- M. ®Reports | M Z008GE. | 030UL0B.. | ™ labworks.. | untitled-..

Each detector is equipped with a 30-L Dewar, which must be filled with liquid
nitrogen at a minimum once per week. The analyst shall log-in time of filling,
initial the log sheet and store these records in the appropriate binder.

14.2.1 If for any reason the detectors are not filled according to the prescribed
schedule, the analyst must first fill the detector, and then look inside the
detector shield to confirm that the detector is at the proper operating
temperature. This is indicated by a small light on the side of the
detector. If the light is green, it means that the detector is cold enough
to operate. If the light is red, it means that the liquid nitrogen has run
out and the detector cannot be used. If the detector has warmed to
room temperature, it requires a minimum of four hours for the detector
to cool down to the proper operating temperature. Operating the
detector with the red light on may result in damage to the detector.

14.2.2 Quality Control failures are often caused by not allowing sufficient time
after filling the liquid nitrogen Dewars before performing the Quality
Control procedure. On days when the Dewars are filled, a minimum of
two hours must be allowed to elapse before performing the Quality
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Control Procedure. Do not add liquid nitrogen to a Dewar during
the time between the QC procedure and the sample analysis.

14.3 Quality Control Procedures

14.3.1 The Quality Control procedures described in this section must be
performed on each day of use, prior to the analysis of samples.

14.3.2 Daily QA Background Check

14.3.2.1 The background check is performed simultaneously on all
detectors. Begin by examining the detectors to ensure that all of
the shields are empty and closed.

On “Apex - Main View” Screen, Click the “QA Check” button in

the upper right corner of the detector window. Select

“Background Check” and click “OK”. The window color will

change from blue to green for the duration of the count.

7 M
m & = @ ES i [=]

Main Samples Quality Assurance Calibration Data Review Setup Reports

Type: [calb <] || DETON: (94 Faied] DETOZ: [4vailable]

14.3.2.2

Archives

Sample ID

= AL14517 DWF02 DWFO02
L AL14518 DWEDS DWEDS
Foe AL 4519 DwiPD7 DwPD7
- AL14520 SWK S

Description

14.3.3

L AL14525 METOWAP  METOW.
| AL14528 ZACRYAP ZACRYA.
= AL14527 BPFOIAP APFOTAP.
F AL14528 APE30OP APE304,

" System Background

Descipion [BACom

Muliple Counts

™ Peform Muple Counts

Count:
ounts: =
Time Between Counts: minutes

L]

< >

Peak Labels ON MM
L BE e 1024 PM

cboucher ERL_GAMI M IN015421

rﬁ:[u]:a GE... r!‘[E:JuLDa 7

Far Help, press F1

i; start

[ Untitled -

[-ﬁ Reports

CEEME G Apex - M

The background count will run for 1000 seconds. When the count is
complete, a two-page Gamma Spectrum Analysis and Peak Locate
Report will print out automatically, followed by a one-page Last
Measurement Q.A. Report. The Q.A. Report shows the evaluation of
the background Q.A. control limits. Staple the Gamma Analysis/Peak
Locate and Q.A. Reports together, initial and date, and place in the
designated binder.
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14.3.4 Calibration QA Check.

14.3.4.1 Carefully open the shield door. The top of the lead shield open
by means of a lever mechanism on the left side of the shield. To
open, grasp the lever with the left hand and lower to the shield
table. This will raise the top of the shield just enough to allow it to
swing to the left, opening the shield.

14.3.4.2 Place the holder for the Quality Control Standard onto the
detector. The holder is a half-liter Marinelli beaker with a foam
insert to hold the Quality Control Standard poly-jar.

14.3.4.3 Place the Quality Control Standard onto the detector, and close
the lid to the shield. You are now ready to begin the count.

14.3.4.4 On Apex Main View screen, click the “QA Check” button in the
upper right corner of the detector window. Select “Calibration
Check” and click “OK”. The window color will change from blue to
green for the duration of the count.

B HEIE
m & = 2 & « =) (&

Mair Samples Quality Assurance Calibration Data Review Sefup Reports Archives
Type: [<al> <] |/ DETON: (34 Failed) DETOZ [valoble]
Sample ID Desciiption i

= AL14517 DwFO2 DWF02
l=AL14518 DWEDS DWEDS...
e AL14819 DW/PO7 DwPI7
e AL14520 Sk K0T
Lo AL14G25 METOWAP  METOW.
[ AL14528 ZACRYAP ZACRYA,
= AL14527 APFO1AP APFOTAP.
[ AL 14528 APE 304P APE30A

QA Check

04 Count Type
@ Cabration Check
( Background Check

€ System Background

L

JJJNJ_JI_J__\_L_ }u _ﬁLLQL_

For Help, press F1 dboucher ERL_GAMMA_SYSTEM INO15421 Peak Labels ON NUM
‘istart ~=emec Apex-M. |MReports [ 2008GE.. [P 03L08.. |8 lcoworks.. ¥ untited-.. | &2 w@oor 124PM

14.3.4.5 The count will run for 1000 seconds. When the count is complete,
a two-page Gamma Spectrum Analysis and Peak Locate Report
will print out automatically, followed by a one-page Last
Measurement Q.A. Report. The Q.A. Report shows the
evaluation of the calibration Q.A. control limits. Staple the
Gamma Analysis/Peak Locate and Q.A. Reports together, initial
and date, and place in the designated binder.
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14.3.4.6 Repeat the Calibration QA check procedure for all 4 detectors,

beginning at Section 14.3.4 of this SOP.

14.3.4.7 After the Quality Control procedure has been performed for all

14.3.5

14.3.6

14.3.7

14.3.8

14.3.9

four detectors, remove the Quality Control standard and holder
from the last detector and store the standard in the designated
location.

For each detector, copy the Last Measurement Q.A. Reports for the
background check and calibration check into text files, using the
procedure described in Section 14.4.2 of this SOP. These text files are
used to link the QC data to the analytical data in the LIMS. See
Sections A3.10-A3.16 of Appendix A of this SOP for more information
on how these files are linked to sample results in the LIMS.

On the first page of each Gamma Spectrum Analysis Report, right
above the Peak Locate Report, is an entry labeled “Sample Number.”
This number is a unique sequential number generated by the Apex
software each time a count is performed. It should not be confused with
the LIMS Sample ID.

= TER COLeE TETgE T S IE T P
Peak Area Range (Im channels) : 50 - 4056
dentification Energy Tolerance 1 1,000 ke
Energy Calibralion Used Done On : BR232008
SMciency Caloration Lised Done Cn : BR232008
EMclency Calliration Description : EMficlency Callbration Geo 11
{_ Zample Kumber 441 ]
Peak Locate Performed on TIZE00S £4:3T.53PM

Whenever a test sample is run, the Sample Number for the associated
QA background and calibration check reports shall be entered into the
Gamma Spectroscopy Sample Run Log along with appropriate sample
information. The Gamma Spectroscopy Sample Run Log is shown in
Appendix C of this SOP.

Every Analysis Report is automatically stored in a PDF file on the Apex
Computer. The filename for the Analysis Report PDF file is the Apex
Sample Number preceded by zeros to expand the number to ten
characters. E.g., Apex Sample Number 549 would have a filename of
0000000549.pdf.

Procedure for Storing the Last Measurement Q.A. Reports as text files.

14.3.9.1 The Apex Software generates two Last Measurement Q.A.

Reports, one for the Background QA Check and one for the
Calibration QA Check. These reports are overwritten each time
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the QA Checks are performed, and so the reports must be copied
into text files in order to preserve them in electronic form. This
section describes how to copy both reports into a single text file.

14.3.9.2 In the “Apex — Quality Assurance View” Screen, select a
detector from the pull-down menu near the upper left-hand of the

Apex - Quality Assurance View EB\
File Edit View Service Help
i & = @ éb o a
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Chats and Reperts | Manual Entiy| Background Appraval |
Detector Date/Time Fange:
Stating. | = | =r
Ending = r
Parameters:
- Desciif iption Type
e [ ]|
 Manual
Geometry:
Certificate:
o
Output Type:
&
’—Al Chart Type:
&
.
5
-

14.3.9.3 In the box labeled “QA Parameter Type” on the left-hand side of
the page, select “All Parameter Types.” On the pull-down menu
labeled “Certificate”, select the Certificate for Geometry 11
(“2007GEO11”).

14.3.9.4 In the box labeled “Output Type” on the left-hand side of the page,
select “Report”, and select “Last Measurement” on the pull-down
menu.

Apex - Quality Assurance View gg\
File Edit View Service Help
] ® = @ & i a @
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Charts and Reparts | Manual Entiy| Backaround Approval|

Detestor: Date/Time Range:
[oeTor =1 | stating | =l | =F

4 Parameter Type:

(@ &l Perameter Types

ioh Region
Peak Energy - 88.034

Peak Energy - B61 657
Peak Energy - 1332501
Peak Fu/HM - 1332501
Decay Cor. Act. - Ca103
Cattficate: [2007GE011 - Decay Cor. Act. - Cs137

Decay Cor. Act - Co60

Hl

I~ Show All Cettficates

Dutput Type:
@ Fieport
Chart Type:
d
€ Control Chart
c

Vien Piint
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14.3.9.5 After all the selections have been made, click the button for
“View.” The “QA Report Dialog” window will appear with the Last

Measurement Q.A. Report for the background.

L S
QA Repo Dialo Sehup Reports Archives
Charts an
Tast Measuremen t 0.A. Report 7/10-08 10:30:52 A Fage 1 ~
Dstector:
***** GENIE QUALITY ASSURANCE wxxne
QA Par
& Last Results Report
e 710,08 10:30:52 AM
o
A File:\\IN015421ApexRoot \ERI_GAMA_SYSTEN\OA~DO00000D003E. OCK
oo Fi1e pexRon ¢ . o o
| [petestor DET03
GGGGGGG <Hone>
Geor ckg Ch
1.0000E+000
Gt /10-08  9:40:49 M
te: 7/10708  B14Di51 AK
1000.0 seconds [—
1000.1 seconds
scription Value Deviation/Flags
Quipit = <10 SD ;D : OBS >
& ) |row Reaion 5. 5600E+002 7. 4476E-001 8o
|
ps
&

14.3.9.6 Set the cursor in the upper left corner of the Last Measurement
Q.A. Report in “QA Report Dialog” window, then hold the left
mouse button down and drag to the bottom of the window to

highlight the text of the report.

iy _ 7 X]
q | L0
QA Report Dialog g Setip EE;FE Archives
|
|
[

14.3.9.7 Press Control-C to copy the text from the Last Measurement Q.A.

Report for the background.
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14.3.9.8 Open a WordPad document and Press Control-V to paste the text

from the Last Measurement Q.A. Report, then save the file in the
gamma QC folder for the current year. Save report using the
name for the current date and detector name. The format for QA
report filenames (as shown below) is: “ddMMMyy DETnn QA.txt”
For example, the QA report file for Detector 03 for July 10, 2008
would be “10JULO8 DET03 QA.txt”

L _ 5]

[N
Reports Archives

|- [O%]

peviation/Flags
<LU:SD:UD:oes >
5. SEO0E+O0Z 7.4476E-001
f-27.705] R
o B.EL00E4002 3. 61508-001

14.3.9.9 After saving the report, minimize the report and click “OK” on the

“QA Report Dialog” window. The “QA Report Dialog” window will
close, and then immediately reopen with the Last Measurement
Q.A. Report for the calibration check.

Ed _ T X
QA Report Dialog g\ o a :
Sehup Reports Archives
[Last leasuremsn t Q.h. Rsport 7/10/08  10:35:05 A Page 1 ~
***** GENIE QUALITY ASSURANCE oo

last Results Report
710,08 10:35:05 A

04 File:\\INOLE421vApexRoot ERL_GAMMA_SYSTEN\QA\DODD00000032007GEO11C. OCK

Detector DET03

Geons <Hone>

Certificate 2007GEOLL

Sample I QA Calibration C
Sanple Quantity 1.0000E+000

Sanpls D: 77107 11:00:00 AK

te: 7-10-08 1000815 AN

Elapsed Tine 1000.0 seconds
Elapsed e 1016 .6 seconds
Para: on Valus Deviation Flags
[Mea 1 o SD un BS
Peak Energy — 88 034 8. 7963E+001 1.0279E+000 3
_
-
:
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14.3.9.10 Set the cursor in the upper left corner of the Last Measurement
Q.A. Report in “QA Report Dialog” window, then hold the left
mouse button down and drag to the bottom of the window to
highlight the text of the report. Press Control-C to copy the text of
the Last Measurement Q.A. Report.

i a8

Setp Reports

R}
FEEEEN}

1.1991E+000

e | em |

14.3.9.11 Reopen the window for the WordPad file that contains the text
previously from the background report. Place the cursor in the
upper left-hand corner at the top of the document, and paste the
text from the calibration check report.

P _ |3]x]
[ < a

Setup Reports Archives

Undo Ctrl+Z

7/10/08 10:30:52 Am Page 1

JALITY ASSURANCE e

ist Results_Repor
flo/08 10:30:52 aM

Find Crl+F
B N
qu pq FindNext F3 RL_GAMMA_SYSTEM\QA\DO000000003B. QCK
peted Replace... Ctrl+H
Geone  GoTo.. Chl+G
Cert
mgi Select Al Crl+A |0 <
Samp 8:40:40 AW
MMMMM Time/Date FS §:40:51 an
€1apsed [Tve Time: T000.0 seconds
Ela i ds
Par value peviation/Flags
[ <LU: SD:oUD :oBS >
Low Region 5. 56004002 7.4476E-00L
[Sp: 5.3537E+002+/-27.705] < T
High Region  __ ___  ©.8100E+002 3. 61506001
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14.3.9.12 The WordPad file will now contain the text for both the
background check and the calibration check. Save the file and
minimize it. Click OK on the QA Report Dialog window to close it.

B - |3 X]

c X| o a w

Selup Reports Archives

- Notepad
File Edit Format View He\p

Last Results Repart
7/10/08 10:35:05 Am

QA File:\\IN015421NApeXROOT\ERL_GAMMA_SYSTEM\QAND 00000000032 007GECTLC. QCK
DE(EC(D?" DET03
i one>

i are SooncroL
samp]e o oA Calikration C
Quantity: L.0000E+000
7 p'ID( 7/1707  11:00:00 Am
Measuremen( pate: 7/10/0& 10:08:15 an
Elapsed L wme onds

Elapsed Real T Tore8 fesond:

ipti value oeviation/Flags
/sth] < L0 :sD:UD: BS >

eroy - 8.7563E+001 1.0279E+000
[sn E 75346+ 001 / 0.028] < : B : >000
peak Eneroy - 57 6.6183E+002 9.9794E-001
[sp: 6.6171E+ uoz / 0.114] < H : :

Peak Energy - 1332, 1.33206+003 1.19026+000
[5D: 1.3326E+003+, / o 197] < B : :

Peak FwHM - 1332, 501 1.9615E+000 1.74196+000
[5p: 1.8595E+000+/- 0.058] < B : :

1.5445E+006 1.1985E-001
[so: 1. 53535+ooe+/—67516.] B H :

Dacay Cor. ACt. - Cs-137 4.1523E+004 1.1122e-001
[50: 4.1264E+004+/-2336.3] B H :
Dacay Cor. ACt. - Co-80 6. B4BTE+004 1.0401E-001
[SpT 6.6105E+004+/-3481.1] < : : : >

Flags Kkey:

LU = Lawer/upper Bounds Tes
SD = sample briv

o8 9, Rl 10:43 AM

14.3.9.13 Repeat these steps to create and store the QA Report text files
for all detectors in use.

14.3.10 Copy the QA Report text files to the designated network folder for files
to be linked to the LIMS entries for the associated sample results. The
path for the designated network folder for Gamma is:
\\labshares\Radfiles\Gamma\YYYY\MMMyy, where YYYY is the year,
MMM is the three-letter abbreviation for the month, and yy is a two-digit
abbreviation for the year. E.g., the dewsignated folder for July 2008
would be \\labshares\Radfiles\Gamma\2008\JUL08.

14.3.11 Copy the Analysis Report PDF files to the same folder. These files will
be linked to the sample results when you enter them into the LIMS.

14.4 Sample Scheduling

14.4.1 Before a sample can be run, it must be entered into the list of scheduled
samples. The list appears on the left-hand side of the Apex — Main
View screen. The section describes how to enter samples and sample
information into the list.


file://labshares/Radfiles/Gamma/2008/JUL08
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14.4.2 On the Apex — Samples View screen, select the “Samples” tab. You
will see a “Create New Sample” header on the tab. Select the Sample
Type from the pull-down menu in the upper left-hand of the screen.

Apex - Samples View
File Edit View Service Help

[id @ = P & i a

Main Samples Quality Assurance Calibration Data Review Sehup Reports

Samples | Sample Types| Frocedures | Import| Sample Changer Batch |

Create New Sample

Sample Ty [0L6L M B. Sedmert Samplz Information “Procedure Selection
S edimer ~
“Bample ID ‘ &5 Efficiency Cal Check.

TELME. Sedment
Urncounted Sam{ 03" 'S 2pm

3
[~ ShowP41LMB GPR “Description:
ALMB. Mill. .
[SangeiD |k ME Vegetaion H ’7

Hone Availsble

& i) RadLab

Multiple Counts

™ Count Sample Mulipls Times

Cors [ =
Time Between Counts: mifites

Procedure:
Preset Time:
Geametry:

Nuclde Library:

Anlysis:

Report Frofil:
Recount Previous Sample Clear Fields Next>

14.4.3 In the field labeled “Sample ID,” enter the LIMS Sample ID and the
designation for the Sample Location. In the field labeled “Description,’
enter descriptive information on the sample, including the location and
date of sample collection.

(™

Apex - Samples View
File Edit Wiew Service Help
. @ = @ ) o a
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives
Samples | Gample Types| Pracedues| Impert| Sample Changer Batch|

Create New Sample

Sanple Type:  [Charcodl Catidge = | iy
“Sampl D: - [4L1£703 METOW ~
Uncounted Samples
™ Shw Patial Defined Samples “Desciption: [METOW CC 07/07/08 RBS
Sample ID. [ Description |
Naone Available
Muttiple Counts
[~ Count Sample Muliple Times
=
Counts =/
Time Between Counts: minutes

v

Repart Profile:

Clear Fields Newt>
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In the field labeled “Procedure Selection,” there are two folders: One
folder is labeled “Efficiency Cal Check.” The other folder is labeled
“‘Rad Lab.” Click on the + sign next to “Rad Lab” to expand the folder,
then scroll down to find the procedure that corresponds to the sample
location and type. Use the cursor to put a check mark in the box next to
the desired procedure, then click the “Next” button immediately below...

Apex - Samples View
File Edit View Service Help

o] @

Main Samples

Quality Assurance

&

Data Review

Calibration

d a8

Reports

SIS

Archives

Sarvples | Sample Types| Pracedures| Impart| Sample Changer Batch |

il Defined Samples

Desciiption

Nare Avaiable

Create New Sample

Sample Information

*Sample D: - [AL14708 METOW

“Descriptiors | MET0W CC 07/07/08 RBS

Multple Counts

Clear Fields

e METOWEC
Preset Time: 60000 seconds

Report Profile; Standard Assay with MDA

Dlext >

After you have clicked the “Next” button, a screen will appear for
entering the sample date/time and quantity. Use the pull-down menu to
select the sample date. Enter the time in hours and minutes, and enter
AM or PM for the time. Set the “seconds” portion of the time field to

¥ - |5x]
m & il a 4]
Main Samples Quality Assurance Calibration Crata Review Setup Reports Archives
Samples: | Sample Types | Fiocedures| Import| Sample Changer Baten |
Create New Sample
Sample Date,Time Quantity
[773/008  wl[uiseoopn I [ a2 it -]
| July 2008 |
Tz 3 4 5
68 9 101l 12
1314 15 16 17 18 19
20 21 22 23 24 25 26
27 28 29 30 3
TaToday: 7/7/2008
< Previous Save Caresl

14.4.6 NOTE: The sample date and time for most samples is the collection
date/time, except for charcoal cartridges and air particulate filters, for
which the sample date/time is the mid-point time for sample collection
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14.4.7 Enter the sample quantity in the designated field, and select the sample

units from the pull-down list.

Apex - Samples View

L@ X]

File Edit View Service Help
[ 2 G a w
Main Samples Quality Assurance Calibration Data Review Setup Reports Archives

Gamples | Sample Types| Procedures| Import| Sample Changer Baich |
Create New Sample

Sample Date/Time Quantity

[7isrom  <|fussom = [ 42 [= ~]
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galens
SCF
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ICEN—
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oz hd

14.4.8 After all of the sample information has been entered, click the “Save’

button.

Apex - Samples View E\@@

File Edit View Service Help
[ ét ﬁ a
Main Samples Quality Assurance Calibration Data Review Sefup Reports Archives

Sarvples | Sample Types| Pracedures| Impart| Sample Changer Batch |
Create New Sample

Sample Dte/Time Quantity

[7rarom  <|itasoomn = [ 4s2
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14.4.9 After the sample information has been saved, you will be returned to the

previous screen. The sample you just entered will be shown in the list
of samples on the left-hand side of the screen. At this point you may
enter additional samples, or return to the Main View screen.

Apex - Samples View QE\
File Edit View Service Help
[ @ = @ &b w a @
Main Samples Quality Assurance Calibration Crata Review Sebup Reports Archives
Samples: | Sample Types | Procedures| import| Sample Changer Batch |
Create New Sample
Samle Information *Procedure Selection
SampleType:  [ChacoslCatidge  v]
*Sample 10 ‘ = {) Efficienc -y Cal Check
Uneounted Samples 4 & RodLeb
I Show Patiall Defined S amples "Descriptior:
Sample ID [ Desciiption |
AL14703 MET O METOW CL 07/07/08 RES
Mulile Counts
I Count Sample Multiple Times
Courts =
Time Between Counts: mintes
Frocedure:
Fieset Time:
Gieomety
Nucide Libray:
sl

Edt Copy Delete Report Prolii:

Clear Fields Mewt>

14.5 Procedure for counting samples.

1451

14.5.2

14.5.3

1454

Prepare samples according to the current official Sample Preparation
SOP (LDEQ SOP #1023).

Enter the sample information into Apex as described in the previous
section.

Place each sample to be run on one of the detectors inside the lead
shield. To open the shield, grasp the lever with the left hand and lower
it to the shield table. This will raise the top up just enough to allow it to
swing to the left, opening the shield.

On the “Gamma Run Log.xIsx” spreadsheet, record the run date,
detector number, LIMS Sample ID, and the Report Numbers (“Sample
Number” from the Gamma Spectrum Analysis reports) for the
Background QA Check and the Calibration QA check for each detector
that is to be used.
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14.5.5 Onthe Apex — Main View screen, a list of samples to be run is shown
on the left-hand side of the screen.

Apex - Main View gl@gl
File Edit View Service Help
L] & = ) &b i a w
bain Samples slity Assrance  Calibration Data Review

Sehp Reports Archives

DETOT [valatle]

APFOAP,
APEA
ZALRYC.

< >

For Holp, press F1

Peak Labels ON CAP UM
Apex-M... | Reports (moo08GE. [Po7aos. [®mios

14.5.6 Left-click on the sample in the list and, holding the mouse button down,
drag the sample onto the screen that corresponds to the detector to be

used to count the sample. The screen will turn from blue to green as
the count begins.

» HEE
@ éd o =]

Samples Quality Assurance Calibration Data Review Setup Reparts Archives
<! [ pero v

DETOZ (ovaiatie]

DwWPO?
Y
METOW,
ZALRYA.
AFFOIAP.
AFE3A
METOW
ZACRYC.

Starting a Count...

For Help, press F1

iistart Cmemec Apec-M. [MReports (W 2008GE.. [P O7)U08.. (W08
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14.5.7 The count time has been preset to 60,000 seconds for most types of
samples. NORM samples are counted for 2000 seconds.

14.5.8 After the sample run has completed, a Sample Analysis report will print
out automatically. On the first page of the report is an entry labeled
“Sample Number.” Open the Gamma Spectroscopy Sample Run Log
spreadsheet (See Appendix C) and enter the Sample Number in the
column labeled “Sample Report No.”

14.5.9 Once sample data is has been entered and verified correct, save and
exit the spreadsheet.

14.5.10 Copy the Analysis Report PDF file to the designated folder on the
\labshares|Radfiles\ drive.

15.0 Evaluation of Data, Reporting Results and Calculations

15.1 All data must be evaluated before reporting. All quality control samples must
be within designated control limits.

15.1.1 Reports generated by the Quality Control procedure are set up to flag
failures of quality control. Flags and acceptance criteria are described
in Section 12.4 of this SOP, and in Appendix E. A table of flag
definitions is printed at the bottom of the Last Measurement Q.A.
Report, as shown in Appendix B. If a flag appears on the report, the
analyst needs to examine the cause of the flags to determine whether
the detector is ready for sample counting.

15.2 The ambient peaks detected during the background count are automatically
subtracted from the sample spectrum.

15.3 Numerical results shall be reported to two decimal places.
15.4 The Apex software calculates the uncertainty for each result.
15.5 Data will be entered into LIMS. See Appendix A.

15.1 Decay-corrected activity is calculated by the following formula:

A=Ae"

Where: A : Decay-corrected activity

A, Activity of the target nuclide at the time of calibration (Assay
Date)

Ty

Ty . Half life of the target nuclide
2

A

t: time from the calibration date to the date of activity calculation.


file://labshares|Radfiles
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16.0 Method Performance

16.1 Demonstrations of Capability (DOC) must be performed at least annually or
whenever there is a significant change in background or instrument response or
when a new operator begins work.

16.2 Determination of Accuracy and Precision

16.2.1 Accuracy is determined by measuring the decay-corrected activity of

16.2.2

representative nuclides (Cd-109, Cs-137, and Co-60) in the Quality
Control Standard, as described in Section 12.4. Decay-corrected
activities must satisfy the acceptance criteria described in Section 12.4
and in Appendix E, “Quality Control Limits for Gamma Spectroscopy.”

Precision is measured as the standard deviation of repeated
measurements of the Quality Control Standard. Decay-corrected
activities must fall within 5% of the assay value, and the selected peak
energies must fall within = 1.0 keV of the known energies. Additionally,
all QC measures must satisfy the statistical acceptance criteria
described in Section 12.4 and in Appendix E, “Quality Control Limits for
Gamma Spectroscopy.”

16.3 Energy Calibrations shall be evaluated by performing a 2000-second count of a
calibration standard. This shall be done for each detector prior to the first time
the detector is used after the calibration.

16.3.1

16.3.2

16.3.3

All key energy lines must be within + 1.0 keV of the accepted values of
those energies as defined in the nuclide library.

The difference between the measured key energy lines and the
accepted values cannot be greater than the acceptance limits defined
by the previous calibration.

The FWHM of the line at 1332.501 keV must be less than 2.20.

16.4 Efficiency Calibrations shall be evaluated for each geometry by performing a
2000-second count of the calibration standard for that geometry, for each
detector. This shall be done for each detector prior to the first time the
detector is used after the calibration.

16.4.1

The decay-corrected activity of the standard must fall within + 5% of the
original activity for Cd-109, Cs-137 and Co-60 as measured on the
Assay Date. The decay-corrected activity of the standard must fall
within = 5% of the assayed activity for all other nuclides present.

16.5 Continuing Demonstration of Capability

16.5.1

Once initial laboratory and analyst capability are verified and
established, a program of continued verification of data quality must be
maintained. This requires:

16.5.1.1 Performance of the Quality Control procedure as described in

Section 12.4.
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17.1

17.2

18.0

18.1

18.2
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16.5.1.2 Regular calibration and maintenance of laboratory
instrumentation.

16.5.1.3 Maintenance of quality control records.
16.5.2 Annual performance of at least one of the following is required:

16.5.2.1 Performance of four consecutive Quality Control procedures with
acceptable recovery and precision, or

16.5.2.2 An initial DOC study.

16.5.3 Documentation of Demonstrations of Capability must be kept in the
analyst’s training file. Training files are kept by the section supervisor.

Pollution Prevention

Pollution prevention encompasses any technique that reduces or eliminates the
guantity or toxicity of waste at the point of generation.

The quantity of chemicals purchased is based on expected usage during its
shelf life and disposal cost of unused material.

Data Assessment and Acceptance Criteria

All data collected in the quality control procedures is assessed for accuracy and
precision as per Section 16.2 of this SOP. Quality Control parameters are
described in Section 12.4.

Statistical acceptance criteria for Quality Control parameters were derived from
results obtained from the analysis of the Quality Control Standard over a period
from 06/23/08 through 08/06/08. Acceptance criteria shall be re-evaluated and
updated at a minimum annually, whenever a new set of gamma standards is
put into use, or if the detector is repaired. Current acceptance criteria are listed
in Appendix E, “Quality Control Limits for Gamma Spectroscopy.”

Data generated by the Quality Control procedure will determine QC pass or
failure via any flag or deviation. If reports don’t have any flag or deviation, QC is
passed and ready for sample measurements. If flags or deviations are on the
report, the analyst must investigate, perform any necessary corrective action,
and ascertain that the problem has been corrected before the detector can be
used for sample counting.

Corrective Action for Out of Control Data

Corrective Action procedures are described in Section 12.5.

If the procedures listed in Section 12.5 are not effective in correcting the
problem, the detector must not be used until diagnostics have been completed
and the problem resolved. The assistance of Canberra System Service
Engineer(s) shall be utilized to determine the cause of out of control data.
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Contingencies for Handling Unacceptable Data

Unacceptable QC data will result in the detector being unavailable for use until
corrective action has been taken and the data from the system has been
returned to acceptable conditions, i.e., at or near factory specifications.

Waste Management

Samples with an exposure rate less than or equal to 200 yR/h, or that upon
analysis are shown to have activity equivalent to background or control
samples can be disposed of in the same manner as ordinary waste. After a
sample has been analyzed, if it is determined that the total sample activity is
lower than 200 pCi, the sample+ can be handled and disposed of as non-
radioactive material.

21.1.1 Solid samples and leftovers are put into a trash can that has been lined
with a plastic bag. If necessary, put the sample in a plastic bag and
then secure the bag before discarding.

21.1.2 Liquid samples must be drained into the double black sink in RO1 with
plenty of running water.

Samples that are determined to have radioactive levels unsuitable for regular
disposal will be disposed in a safe way and by an NRC approved method.

Data and Records Management

Procedures for data and records management must adhere to the Quality
Manual and subordinate documents covering record keeping and the document
control plan. Records documenting all laboratory activities shall be retained
permanently. All records shall be stored in such a way as to be secure and
accessible.

All printed records must be initialed and dated by the analyst.

Certificates of analysis for standards used are kept in the designated binder by
the analyst.

All Quality Control printouts must be kept in the designated binders for each
detector to document the performance of the instrument. There is a separate
binder for each detector assembly, and a common binder for temporary
storage. At the end of the month, Quality Control data will be moved from the
temporary binder to the permanent binder of each detector.

There is a bound maintenance logbook for each detector assembly, as well as
a separate bound logbook for the Genie 2000 hardware. All ongoing
maintenance and preventive maintenance must be documented in the
designated logbook.

Electronic records are kept stored on the computer hard drive and are backed
up on compact disks.
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22.7 Printouts of test results shall be initialed and dated, and kept in reverse
chronological order in designated folders in the file cabinet for a minimum of
one year. There is a designated file draw for each of the three reactor sites,
with a separate folder for each sample location and matrix.

22.8 Older documents shall be moved to storage folders, and kept in document
storage boxes by year. Boxed documents shall be placed in the data storage
room.

22.9 Data generated during Gamma analysis will be reviewed by the laboratory.
When the data are approved as acceptable, the analysis data will then be filed
in the designated location. Data generated on the nuclear power plants will be
included in the laboratory’s report data file for the respective power plant.

23.0 Tables, Diagrams, Flowcharts, and Validation Data

23.1 N/A
24.0 References

24.1 Apex 1.2 Lab Productivity Suite User's Manual.
24.2 Canberra Genie 2000 Gamma Spectroscopy System Manual
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Appendix A. Loqgding into LIMS and Entering Data.
A1.0 Logging on to the LIMS System

Al.1 Click on the LabWorks icon on the desktop, enter your username and
password in the designated fields, and click the “OK” button.

=" LABWORKS User Logon

, ) Enter user infarmation Far
LAEWORES logan,
PB@'kll’lElm%r'
procsohy.

Iser ID: |E|||J

Password: |

ok | Cancel

5.8.503 (796:66334) ‘\deg-svrlimsilabworks\LWESES\SYSTEM | Sery

Al.2 The LabWorks ES Desktop screen will appear.

" LABWORKS ES Desktop - David/Boucher,
File Login FResults Reports OQ&/QC Search Maintenance  Utilities Options Help

@M=
Labworks Today

Folder Wiew

S = Tuesday, July 22, 2008 Refresh

A2.0 Sample Log-In

A2.1 The procedure for Sample Login is found in Appendix A of current official
LDEQ SOP 1023, “Preparation of Samples for Gamma Spectroscopy
and Gross Beta Analysis.”

A3.0 Entering Data into LIMS

A3.1 Select Result Entry in the Results menu

' LABWORKS ES Desktop - David Boucher

File Login | Results pReports QAJQC  Search  Maintenance  Ukilities  Options  Help

i m %@ Results Entry

Labwol @ Cuskody Tracking

At @ Sample and Analysis Validation -~ L
= Monday, July 21, 2008 Refesh

. -
% fulticomponent Transfer B

é& Inskrument Results Conversion
& MC Select
i MC Select OLD
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In the “Search for samples by” menu, select Sample Delivery Group.

Check the desired sample delivery group and click View Selections.

=" | ABWORKS Result Entry

File Help
BS| @

Sample Delivery Group

Search for samples by:
(L sample IDs
D Location
(2 Degsampid

elivery Group
(20 Last selected samples

(2 Cross Reference Search

(2 External Files

2 stepped Query

3 QaqcC Batches

2 Analyses Awaiting Results
(2 Analyses Awaiting Yalidation

fvailable termplates |RAD

=

| ]

Select one or more batches:
Check all |Sample Delivery Group |Date Modified | ]
1= 070924025 09/24/2007 14:58 1
I} RESSEPO? 09242007 14:00
= GGSEPOF 09/20/2007 15:30
=] 070920017 09/20/2007 1352
1= W3SEPO? 09/19/2007 13:26
=] 070919009 09/19/2007 10000 hd
View Selections | | Cancel |

Uncheck &l [Sample 10 [Status |l acation [oEgSAMPID | Submitted ICDllec“

A list of samples will appear in the field at the lower right corner of the
window, as shown below. Samples for which results have not yet been
entered will be listed with status “Pending.” Click the header of the first
column to uncheck all samples and then check the samples for which
you want to enter results.

%" | ABWORKS Result Entry
File Help

BlMS| @M
Sample Delivery Group

Search for samples by:

[_1 Sample IDs

[:l Location

[_1 Deqsampid

23] Sample Delivery Group
(2 Last selected samples

(21 Cross Reference Search
(21 External Files

(2 Stepped Guery

[C1 ©AQC Batches

[Z1 Analyses Awaiting Resulks
[Z1 Analyses Awaiting Yalidation

EEX

Available templates |RAD j
m]
= Speed search I:l
Select one of more batches:
Check All |SamDIe Delivery |Date Modified | =
RESIULOS 07/21/2008 13:31
= 050717006 07/17/2008 05:15 il
= GEIULOS 07/16/2008 11:50
= WEIIL0S 07/15/2008 11:24
=] 0507 10005 07/10{2008 10:00
= 030710001 07/0%}2008 11:30 -
Wiew Selections | Enter Selection | Cancel |
checkall [sample 1D [Status [Lacation [DEQSAMPID [ submil =
= AL1S513 Report queus LACRYCC 05196R5 07114
= AL15514 Pending ZACRYAP 051 96R 4 07/14)
I ALLIGZTE Pending METOWICT 05203R1 0721
= AL1G273 Pending METOWAP 05203R2 07121
i ALLEZ74 Pending ZACRYCC 08203R3 07/21
= AL1627S Pending ZACRYAP 05203R4 07121
= AL1IGZ7E Pending RUPSTR 05203R5 07121) =
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A3.4 After all of the desired samples have been selected, click Enter
Selection. The Result Entry spreadsheet will appear, as shown below.

& Result Entry: |:|E|Pz|

Enter key action:

" None {* Right " Dawn Brint | 2ave | Cancel ‘

User Infa Anl Code | $GAIRI
Anl Mame  |Gamma Spec. - Air Iodine
Meth Ref  |DEQIMR.C

Uniks pCifCu.M
Def MDL
AL16272 result Pending
deqgsampid: 08203R1  |ResulkZ -
AL16274 result Pending

deqgsampid: 08203R3  |ResulkZ

A3.5 The samples in the batch are listed in the rows, the analysis selected are
listed in the columns. Select a sample analysis by left clicking on the box
marked pending. Select Enter or load results.

" Result Entry:

Enter key action:

" Mane {+ Right " Dawn Erint ‘ 2ave ‘ Cancel ‘

User Info Anl Code | $GAIRI
Anl Mame  |Gamma Spec. - Air Iodine
Meth Ref  |DEQIMRC

Units pCifCuM
Def MDL
AL16ZTZ result Pending
deqsampid: 0B203R1 |Resultz . Enter or load results
AL16Z74 result Pending
degsampid; 08203R3  |Resulkz - Assign analyst

Analysis comments
Analysis special info
Load]wiew object For analysis ($GAIRI)

Left click result cell to enter data, headers to display user, test, or sample info Right click For context menu
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A3.6 The Component Result Entry for Sample ###### is displayed. Fill in
the appropriate data fields. The information needed to complete the
fields is found on the “Analysis Report” print-out that is generated by the
Apex software when the analysis is complete.

%" Component Result Entry for Sample: AL16272 Location: METOWCC Analysis: SGAIRI

Analysis: Gamma Spec. - Air Iodine Enter key action:
X . Load Results
Location: METOWCC + Right " Down
Result file:
Units:  pCifcu.i Clear Results
validated: Mo DEQSAMPID: 03203R1

Start date: [712272008 ! Start:time: [ g4 E Dilution Factor: [;
Enddate: (71222008 | .| Endtimei(ggq40 [4] Analvsti [big Samp Comments

Anl Comments

Component Mame Vinl Result Sec Result qualifier M| Anl Spec Info
1 |lodine 131 7.
2
3
4
S
&
7 Print ‘
g
9
i0
11 Stare Results ‘
Discard Results ‘
| >

A3.6.1 The Start Date and Start Time are “Acquisition Started” date and
time on the first page of the printout.

A3.6.2 The End Date and End Time are the date and time listed in the
header on each page of the printout.

E BES

Analysis: Gamma Spec. - Air Iodine Erker key action:
Load Results

Location: METOWCC + Right " Down
Result file: Monday, July 21, 2008

Clear Resulks
¥alidated: Mo 4 duly tly s b Rl

Sun Mon Tue Wed Thu Fri  Sat

Stark date: . Dilution Factor:
[ri23 1]z2]alals !

Enddate: 70 & | 7 [ 2| g {1011 ] 12 Jil Analyst: |pLg Samp Comments ‘

16 | 17 |18 (19
23| 24| 25| 26

Anl Comments

Compon: an | Sec Result qualifier | M| anl Spec Info

1 |Todine 131 7.

2

3 0k | Cancal

4

5

<]

7 Print ‘
g

9

10

11 Store Resulks ‘

Discard Results ‘

| »
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The nuclides you need to find results for (i.e. the nuclides of interest) are
listed on the LIMS “Component Results Entry” screen in the column
labeled “Component Name.” In the example shown above, the nuclide
of interest is lodine-131.

There are two places on the Analysis Report printout that you need to
look for results: the “Nuclide Identification Report”, which is the third
section of the report printout; and the “Nuclide MDA Report”, which is the
last Section of the Analysis Report.

A3.8.1 If there is no result in the Nuclide Identification Report for the
nuclide of interest: In the “Result” column of the LIMS screen,
enter the letters “MDA” followed by the Nuclide MDA numerical
result listed on the Nuclide MDA Report. For example, if the
Nuclide MDA for lodine-131 on the printout is 4.17E-03, enter
‘MDA 4.17E-03” in the results field.

A3.8.2 If there is a result listed for the nuclide of interest in the Nuclide
Identification Report: Enter the number for the Activity from the
Nuclide Identification Report in the “Result” column of the LIMS
screen, then enter the MDA in the “Secondary Result” column.
Use the same format for entering the MDA as described in the
previous paragraph.

A3.8.3 Sample comments are used to report any violations of
collection or storage, failed QC results in the batch, and
reporting of TICS.

When all data has been entered for the analysis, click the “Store
Results” button.

" Component Result Entry for Sample: AL16272 Location: METOWCC Analysis: SGAIRI

Analysis: Gamma Spec. - Air Iodine Enter key action:
Load Results

Location: METOWCC + Right " Down ‘
Result file:

Units:  pCifCu. M Clear Results ‘

¥alidated: No DEQSAMPID: 052035R1
Start date: [7/21 72008 ' Starkitime:{ 14,14 E Dilution Factar: [} ‘
Enddate: 71222008 .. ] Endtime:[gg,55 [4] Analvst: [oig Samp Comments ‘
Anl Comments ‘
Component Marme Wiol Result Sec Result qualifier | M| Al Spec Info ‘
Iodine 131 MDA 4.17E-03] 7. ‘

Prink ‘

ey (=) N (= ) T, - (N [N

— =

Store Resulks ‘

Discard Resulks

-
-
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A3.10 The Result Entry for Login record file screen will displayed again.
The next step is to link the appropriate Quality Control data files to the
result. To start, right-click and select Load/View object for analysis.

*' Result Entry:

Enter key action:

- BX

" Mone {« Right " Down Erint ‘ Jave ‘ Cancel |
User Info Anl Code  |$GAIRI
Anl Name  |Gamma Spec, - Air Iodine
Meth Ref  |DEQMRC
Units pCifCu.M
Def MDL
AL1GZ2TZ result Pending
deqsampid: 06203R1|Resultz |-—- Enter or load results
AL16Z274 result Pending
deqsampid: 08203R3  |Resultz - Assign analyst

Analysis camments
Analysis special info

Left click result cell to enter data, headers to display user, test, or sample info Right click for context menu

A3.11 The Data Objects Sample: ####### Analysis screen will appear.
Select the \\labshares\Radfiles network drive on the pull-down menu
labeled “Drives.” On computers in the Radiation lab, this will be mapped

as the “Q:” drive.

" Load object from file

File: Mame:

%" Data Objects Sample: AL16272 Analysis: SGAIRI

Qpen ‘ Move ‘ Copy ‘ Link ‘

Directories:

=i}

it

Gamma Run Log,xlsx

Air Particulate Filkers Worksheet, xlsx

(Z Alpha-Beta

CaLs
(CamIsc
[CARADDOCS
CATEMP

Object file bype:

Drives:

|**

| =2 q: [ViLabsharesiRadfiles] j

™ Previously stored objects Sample: AL16272  Analysis: $GAIRI ‘ ‘
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A3.12 Select the folder that contains the Gamma QC and Analysis Report files
for the current month and year. The pathname is in the format:

\Gamma\2008\JUL08\ for samples collected in July 2008. Double-click
the folder to open it.

& Data Objects Sample: AL16272 Analysis: SGAIRI

% Load object from file Qpen ‘ Move ‘ Copy ‘ Link. ‘ Close ‘
File: Mame: Directories:
| qiiEammal 2008
: A~
2008 1st Quarter APF Total Flow Caloulatior %qul'
2005 2nd Quarker APF Tatal Flow Calculatio Arma
2003 Quarterly APF Total Flow Caloulation, s 42008
CJarros
(C33aM08
[ R
Object file bype: Drives:
[ * | =2 q: [ViLabsharesiRadfiles] j

" Previously stored objects Sample: AL16272  Analysis: $GAIRI ‘ ‘

A3.13 You will be linking the following files, in the order shown below:

A2.1.1 The “Last Measurement Q.A. Report” text file that you created

for the detector used (See Section 14.3.8 for the procedure to
create this file).

A2.1.2 The numbered Analysis Report PDF file for the Calibration QA
Check that you performed for the detector used.

A2.1.3 The numbered Analysis Report PDF file for the Sample Analysis.

A3.14 Highlight the file name for the date and the detector used when the
sample was counted, then click Link.

& Data Objects Sample: AL16272 Analysis: SGAIRI

* Load object from file [8]:]

en ‘ Move ‘ Copy ‘ Link ‘ Close
File Marme: Directaries:
|q:igamma 20084jul0EY2 1julDE detDl ga.txt q¢\Gammal20081IUL08
1530108 DETOE QA txt v %qGﬂ
16JUL05 DETOL G, bxk Arma
16JL05 DETOZ G bxt 32008

-211UL0G DETOL 0, bxk

211005 DETOL SYSTEM BACKGROUND 1
211005 DETOZ Q. bxt

211005 DETOZ SYSTEM BACKGROUND 1
211005 DETOS Q. bxt

211UL08 DETO3 SYSTEM BACKGROUND 1 %

Object file bype: Drives:
[ * | 2 q: [ViLabsharesiRadfiles] j

™ Previously stored objects Sample: AL16272  Analysis: $GAIRT ‘ ‘
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A3.15 The Description for Analysis Object Sample: ####### Analysis
message will appear. Click OK.

= Data Objects Sample: AL16272 Analysis: SGAIRI

18 M erorme o -
161UL08 DETOL QA Ext = (AGamma
Ext

52008

TEI
Z21JUL05 DETOZ Oa.Ext

A3.16 The Data Objects Sample:####### Analysis screen will appear again.
Select the Analysis Report PDF file for the QA Calibration Check, and
Link the file as described in Section A3.14-15. Repeat this procedure a
third time, and link the Analysis Report PDF file for the Sample itself.

%" Data Objects Sample: AL16272 Analysis: SGAIRI

f* Load object from File Qpen ‘ Move ‘ Copy ‘ Link. ‘ Close ‘
File Marne: Directaries:
|+ garmal 20084UI0E4 0000000541  pdf q:\Gammal20081JUL08

ooo0000531 . FOF
0000000552 . POF
oo00000533.FOF
00000005354 . POF
o000000535.FOF
0000000556 . POF —
ao000005357 FOF

>

0000000542, PDF b
Object file type: Drives:
pe.x | =2 q: [ViLabshares\Radfiles] j

" Previously stored objects Sample: AL16Z7Z  Analysis: $GAIRI ‘ ‘
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A3.17 After all the QA and Analysis Report files have been linked, click the
“Close” button to return to the results entry menu.

& Data Objects Sample: AL16272 Analysis: SGAIRI

* Load object from file Qpen ‘ Move ‘ Copy ‘ Link. Close
File: Mame: Directories:
|q:igammal 20081jul08,0000000545, pdf qilGammal20081IUL08

00000005354, PDF A
0000000535, PDF
0000000536, PDF
0000000557 . PDF

0000000541, POF
0000000542, POF
0000000543, POF
0000000544, POF
0000000545, PDF

Object file bype: Drives:
[ | 2 q: [|iLabsharesiRadfiles] j

" Previously stored objects Sample: AL16272  Analysis: $GAIRI ‘ ‘

A3.18 After all of the results have been entered and the QA and Analysis
Report files have been linked, all of the results on the Result Entry
window will be listed as Done. Clink the “Print” button. After the page
has printed, click “Save.” File the printed page in the designated binder.

' Result Ent ry: |;| @| FZ|

Enter key action:
" Mone {+ Right " Down Brint ‘ Jave ‘ Cancel ‘

User Info Anl Code | $GAIRI
anl Mame  [Gamma Spec, - Air Iodine
Meth Ref  |DEQNRE
Units pCifCu.M
Def MOL

AL16272 result Done

deqgsampid: 08203R.1 Resultz -

AL16274 result Done

deqgsampid: 08203R3 Resultz -

Left click result cell ko enter data, headers bo display user, test, or sample info Right click For context menu
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A3.19 Once this window is closed, an abbreviated Results Entry menu will
appear.

File Help
#|1s| @m| Avaiable tenpietes [T -
Mumber of selected samples: 2 4

A3.20 Click on the file menu for further options. If you need to enter results for
other samples, select “Reselect samples” to return to the full Results
Entry menu as shown in Section A3.2. If you are finished, select “Exit.”

" LABWORKS Result Entry
SN Help

Reselect samples fvailable ternplates -

Edit results for selecked samples
Import instrument resulks

£

A3.21 The program will return to the LABWORKS ES Desktop window. Close
the window and exit LABWORKS.

" LABWORKS ES Desktop - David Boucher,
File Login Results Reports QA/QC  Search  Maintenance  Utilities  Options  Help

HI W
Labworks Today

Falder View Rt —i_i:_-TUGSdEl}’,JUh’ 22,2008 Refresh
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Appendix B. Apex Reports

B1.0 Last Measurement Q.A. Reports
B1.1 QA Calibration Check, Last Results Report.

Last Msasurement .A. Report T/22/02 12:14:51 PH Pags

R R e R R A R

Bk GENIE QUALITY A55URANCE ek

AR A AN AN T A AN AN T AN T A AN A AN T A A T A AN AN F AN T A AN T AN T AN TR AN T AN T AN T A AN T AN T AN T T
Last Rasults Report

T/22/08  12:14:51 EM

QR File:\\IN0154Z1\EpexRooth\ERL GRMMAE SYSTEMMNCAR\DOOOOOQOOO03ZO00TEECLLIC. QCK

Detector:

Geometrv: <Hone>

Certificate: 2007GEQLL

Sample ID: QL Calibration C
Sample Quantity: 1.0000E+000

Sample Date: /1707 11:00:00 EM

HMeasuremsnt Date: 11:33:30 RM

Elapsed Liwve Time:

Elapsed Beal Times: seconds
Parameter Description Valus Deviation/Flags
[Mean +/- Std. Dev.] < L7 : D : UD : BE =
Peak Energy 5B.034 8.73359E+001 2.4312E-002
[ED: B8.7% 001+/- 0.028] = : : H
Peak Energy — &&l.8E57 £.E8174E+002 1.

[ED: E.ELTEE+DI0Z+/- 0.109] < : : H

Peak Energy 1332.501 1.332BE4+003 =
[5D: 1.3327E4+003+/- 0.193] < : : M

I
—
]
Ty
l

i
]
=]

Peak FWHM - 1332.501 1.8742E4+000 6.T458E-002
[ED: L1.B70ZE4+0004/- 0.059] = : : H

Decay Cor. hot. - Cd-10% 1.5824E+00¢ 7.4505E-00L
[ED: 1.G535TE4+D0E+/-82703.1] = : : H

Decay Cor. Act.

- Cg-137 4.3327E+004 9.e237E-001

[5D: &.1274E4+004+,/-2131.7] <
£_8800E+004 B.&728E-00L
< : : H
Flags Key: LU = Lower/Ugper Bounds Test (BB = Rbove, Be = Balow)
SD = Sample Driven N-Sigma Test (In = Inwvestigate, Ac = Action)
UD = User Driven N-Sigma Tast (In = Inwvestigate, Ao = RAotion)
BES = H=zasurement EBias T=st {In = Inwvestigate, Ac = Action)



B1.2 QA Background Check, Last Results Report.

Last Mesasurement Q.A. Report 7/22/08 12:14:15 PM Pags

R L R R R R R Y
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ko E

EhwEk GENIE QUALITEY LEEURARANCE ek

e B B L e e e e B A k& E R R

DOo00Q000003E .. QCK

Detector:
Geometry:
Certificate:
Sample ID: QR Background Ch
Sample QJuanti - 1.0000E+D200

Sample Date: r2 B 11:15:00 BEM
HMeasursmant Date: B 11:15:02 BEM
Elapsed Liwve Tims: 1000,
Elapsed Beal Tims: 1000,

Parameter Description Valus Deviation/Flags
[Hean +/- Std. Dev.] < LU : 8D : UD : BS =
Low Regicn 5. Ee0JE+002 1.1312E+000
[5D: 5.3532E+4+002+/-26.594] < : : :
High E 1.0240E+003
[5D: 591] <

Flags Key: L0 = Lower/Ugper Bounds Test (A = Rbowe, Be = Below)
S0 = Sample Driwven N-Sigma Test (In = Inwvestigate, RAc =
UD = User Driven HN-3igma Test (In = Investigate, Ro =

EZ = Measuremsnt Bias Tast (In = Investigate, Ac

Action)
Action)
Action)
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B2.0 Analysis Reports

B2.1 QA Calibration Check Analysis Report

/Il I\\.-.I 222008 11:80:53AM Pagelof2
DEQ

Analyzis Report for 34 Calibration Check

QA Count
Sample ldentification : QA Calibration Check
Sample Descripticn : Count
Sample Type : QA Calibration Check
Sample Size : D0E+D0 units
Facity 1 ERL_GAMMA_SYSTEM
Sample Taken On T 11:00:004M
Acquisition Started 002 11:33:304M
Procedure : QA Calibration
Operator : dboucher
Detector Name : DETO2
Geometry 1 Quatty Control Poly-Jar
Live Time 0.0 seconds
Real Time 7.0 seconds
Dead Time D 1ET %

Peak Locate Thresheold

Peak Locate Range (in channels)
Pesk frea Range (n channals)
ldentfization Energy Tolerance

Energy Calibration Used Done On
Efficiency Calibration Ussd Done On
Efficiency Calibration Desaription

Sample Mumber 851

PEAK LOCATE REPORT

712212008 11:50:35AM

Paak Locate Performed on

Peak Locate From Channe! 5
Peak Locate To Channel 4028
Paak Search Sensibwity .50
Peak No. Energy (kel} Centroid Channel Centroid Uncertainty Peak Significance
1 B7.9 176.78 1.0772 105.399
2 122.0% 245.01 J0.0870 TE.10
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TI222008  11:50:53AM Pagelofl
Ana'ysis Report for Q& Calibration Check
QA& Count
Peak No.  Energy (keV) Centroid Channel Centroid Uncertainty Peak Significance
3 13c.47 273.83 1.1553 23.35
4 165.87 33Z2.63 2.1017 52.58
15 255.34 511.58 1.335% 5E.00
[ 275.34 558.587 1.2938% E.59
7 391.85 TA4.65 2.1103 39.15
a g6l.T4 1324 .20 a.0872 92.92
9 g95.18 1796.83 J.0854 43.21
10 1173.35 234g.7¢ J.082¢ SI.E4
11 1332.7% 2e€5.27 J.0825 aB.18B
1z 183c._35 3e71.18 1.0855 33.3e
7 = Adjacent peak noted
Emors quoted at 1.000 sigma
Peak Analysis Performed on TR2X2008 11:50:35AM
Peak Analysis From Channel 50
Pezak Analysis To Channe 4084
Peak Energy ROT ROl Peak Net Peak Net Area  Continuum FWHM
Nao. (keV) start and Ceantroid Area Uncertainty Counts (kaV)
1 87.54 lez—- 184 g 04 291.82 04 1.12
2 122.0% 236- 253 2. 04 138.18B 03 1.14
3 136.47 270- 277 2. 03 82.38 03 1.12
4 185.87 325- 335 1. 04 l4as 4z 03 1.21
5 255.34 508- 520 2. 0z 75.75 03 1.20
[ 275.34 553- &4 2. 0z £5.32 03 1.33
7 351 .89 TT6— T91 . 03 1059.21 03 1.37
g EEl.74 3- 1333 2. 04 181.27 03 1.52
S a58.18 0- 1s03 [ 03 26.73 03 1.70
10 1173.35 2— 23el 2. 04 176.88 03 1.82
11 1332.7% e—- ZaTk 2. 04 lel.%B 1E+02 1.87
1z 1838.35 7- 3878 3. 03 63.46 1.13E+02 2.14

M = First peak in 3 multiplet regon
m = Cithar peak in @ multiplet region
F = Fitted singlet

Emors quoted at 1.000 sigma
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B2.2 Sample Analysis Report.
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/Il 7222008 B:54:35AM Page 1 0f 5
Analysis Reportfor  AL1E272 METOW
METOW CC D7/21/08 RBS
Sample ldentification T AL18272 METOW
Sample Description : METOW CC O7/21/08 RBS
Sample Type : Charcoal Cartridge
Sample Size T 4 288E+02 m3
Factty : ERL_GAMMA_SYSTEM
Sample Taken On 1 TM8r2008 12-00:00AN
Acquisition Started T TR2A008  2:14:02PM
Procedure : METOWC
Operator : dboucher
Detector Name : DETD1
Geometry : Charcoal Cartridge
Live Time : B0000.0 seconds
Real Time : B0002.5 seconds
Dead Time : 001 %
Peak Locate Threshold 1250
Peak Locate Range (in channels) : 50 - 4098
Peak Area Range (n channels) : 50 - 4098
ldentfization Energy Tolerance : 1.000 ke
Energy Calibration Used Done On : 82311008
Efficiency Calibration Used Cone On : 82311008
Effiziency Calibration Description : Efficiency Calibration G=o 06
Sample Number 1547
Peak Analysis Performed on 2X2008 6:5417AM
Peak Analysis From Channel 50
Peak Analysis To Channe! 400
Peak Energy RO ROt Peak Net Peak Net Area  Comtinuum FWHM
Na. (keV) start and Cantroid Area  Uncertainty Counts (kaV)
1 63.27 118 laz 127.10 2. 44E+02 48.88B 1._27E+03 1.57
2 17.37 143 155 155.31 2.%3E+02 54.32 1_5BE+03 1.15
3 82.71 181 18z 185.55 & 36E+0Z 48.17 1._08E+03 1.4z
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TIZA008 6:54:3BAM Pagzelof 3
Analysis Reportfor  AL18272 METOW
METOW CC D7/21/08 RBS
Peak Energy ROT ROl Peak Net Peak Net Area  Continuum FWHM
Nao. (keV) start and Centroid Area  Uncerfainty Counts (kaV)
L 1B5. 37z2.02 4. 24 .30 9 02 1.38
5 238. 477 .99 5. 54740 1 03 .43
[ 254 . 590.39 a. 31.84a [ oz =2
7 35z, TO4.90 1. 24.3z2 3 oz 1.02
g 510. 1022 .46 1. a7.14 5 oz Z.48
9 583 11£7.38 1 20.95 2 oz 1.97
1o e0%. .07 1. 22.24 2 o2 1.54
11 1480, .E7 [ 26.81 g 01 2.01
M = First peak in 3 multiplet region
m = Cithar peak in @ multiplet region
F = Fitted singlet
Emors quoted at 1.000 sigma
Mo background sultract performed on this spectrum.
Mucide Library Used TIND 15221\ ApexRootERL_GAMMA_SYSTEM Libran/LIBRARY1.MLE
IDENTIFIED NUCLIDES
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence {keV) (pCim3) Uncertainty
E-40 0_.9% l4g0.81 * 10.67 3.%cE-01 1_52E-02
PE-212 062 74 81 B0
7711 ¢ 17.50 2.28E-02 4 _5T7E-03
BT_20 g.30
238.63 ¢ 44 80 1.44E-02 1.82E-03
300.2% 3.41
PBE-214 062 74 _B1 £.33
7711 ¢ 10.70 3._78E-02 7.48E-03
BT _20 3.70
241 9% T.45
285.21 * 13.20 3
351.92 * 37.20 [
480 .43 0.3z
511.400 ¢ 0.03 9
TH-234 0_.9% 63.25 ¢ 4_50 1.
92 _38 * 260 3.
U-235 0_4%5 B%_ 9% 1.50
93.35 ¢ 2.50 2. 2_27E-02
135.4030 1.030
10%.14 1.50
14078 0.22
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TZ22008 G:54:3BAM Pagedofs
Analysis Reportfor  AL18272 METOW
METOW CC O7/21/08 RBS
Nuclide Id Energy Yield(%) Activity Activity
Name Confidence {keV) (pCim3) Uncertainty
U-235 0.4%
# 9.TEE-D3 2. 43E-04
205.31
* =Energy line found in the spectrum.
- = Manua'y added nuclide
? = Manuay edted nuclide.
@ = Energy line not used for Weighted Mean Activity
Energy Tolerancs : 1.000 ke
Muclide confidence index threshold = 0,30
Errors gquoted a1 1.000 sigma
Nuclide Nuclhidea Wt mean Wt mean  Comments
Name Id Activity Activity
Confidence (pCiim3) Uncertainty
0.9%¢6 3. 1
0.823 1 1
0.828 7. 1
h:o 0.981
0.954 2. 2.
0.4%¢6 9. 9.
? = nucide is part of an undetermined soluticn
¥ = nucide rejected by the interference analysis
@ = nucide contains ensngy fnes not used in Weighted Mean Activity

Emors quoted at 1

sigma

UNIDENTIFIED PEAKS

Peak Locate Performed on TRXA008 6:54:17AM

Peak Locate From Channe!

Peak Locate To Channel 408
. Peak CPS (%) Poak Tolerance
Peak No. Energy (keV) Peak Size (CPS) Uncertainty Type Nuclide
9 E23.42 2.T7012cE-03 12 .53 ol.
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TIZZI008  G:54:3EAM Pagedof 5
Analysis Reportfor  AL18272 METOW
WMETOW CC D7/21/08 RES
Peak CPS (%) Poak Tolerance
Peak No. Energy (keV) Peak Size (CPS3) Uncertainty Type Nuclide
10 £08.27 2.27638E-03 16.28 ol.

4 = First peak in 3 multiplet region
m = Cither peak in a multiplet region
F = Fitted singlet

Emors quoted at 1.000 sigma

NUCLIDE MDA REPORT

Muchde Library Used THINDT542 1\ ApexRoof ERL_GAMMA_SYSTEMLibrany LIBRARY 1 NLE
Nuclida Energy Yield(%) Activity Nuclide MDA Line MDA
Name (keV) {pGiim3) (pGiim3) (pCiim3)
MN-54 B34_83 3.
Co-&8 8l0.7s 3.
FE-E9 152.34 7

1093 22

3
3
€
3

1291.5& 0
C0-g0 1173.24 9%.97 4_02E-03
9%._98
E0.75 8. g.¢&
9%.81 3. 3.89
43.70 £. 8.1&
5&. £.28
I-131 g. - 4 5.29
B1. - 417
T. .15
CE-134 a. - 3.
15.
9
B5.40
2.73
3.04
CE5-137 BE.10 3.
A-140 €.70 1
4.50
123, 3.20
537.32 2500
Lr-120 3z8.77 20,80 5.75E-03
48703 4550
7E1.75 4,40
gls.Be5 23.80
8E7._82 5.E63
925_24 7.0%
15896 49 9549
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TZ22008 G:54:3BAM Page Sof s
Analysis Reportfor  AL18272 METOW
METOW CC 0721108 RBS

Muclide identified during the nuclide identifization

Energy line found in the specirum

MDA walue not caloulated

Ha'f-life too shert to be abis to perform the decay comection
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Appendix C. Gamma Spectroscopy Sample Run Log
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D.1 Nuclide Library 1 is used for characterization of samples.
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Nuclide Library 1

e | e T everay (v | KoL | e iy | 1009 | o
Be-7 4.604E+006 477.606 X 0.000 10.5200 0.1800
K-40 4.030E+016 1460.810 X 0.000 10.6700 0.1100
Cr-51 2.393E+006 320.082 0.000 9.9200 0.0500
Mn-54 2.702E+007 834.827 X 0.000 99.9750 0.0050
Co-58 6.117E+006 810.757 X 0.000 99.4000 0.3000
Fe-59 3.856E+006 192.344 0.000 3.1100 0.0000
1099.220 X 0.000 56.5000 1.0000
1291.560 0.000 43.2000 1.0000
Co-60 1.663E+008 1173.237 0.000 99.9700 0.0000
1332.501 X 0.000 99.9800 0.0000
Zn-65 2.112E+007 1115.520 X 0.000 50.7500 0.1000
Nb-95 3.029E+006 765.790 X 0.000 99.8080 0.0060
Zr-95 5.531E+006 724.184 0.000 43.7000 0.8000
756.715 X 0.000 55.3000 1.1000
Tc-99m 2.167E+004 140.508 X 0.000 89.0700 0.2400
Cd-109 3.997E+007 88.032 X 0.000 3.7200 0.1100
-131 6.947E+005 284.298 0.000 6.0500 0.0800
364.480 X 0.000 81.2000 1.1000
636.973 0.000 7.2600 0.1000
Cs-134 6.507E+007 563.227 0.000 8.3800 0.0500
569.315 0.000 15.4300 0.1100
604.699 X 0.000 97.6000 0.3000
795.845 0.000 85.4000 0.4000
801.932 0.000 8.7300 0.0400
1365.150 0.000 3.0400 0.0000
Cs-137 9.480E+008 661.657 X 0.000 85.1000 0.2300
Ba-140 1.105E+006 162.640 0.000 6.7000 1.0000
304.840 0.000 4.5000 0.6000
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Nuclide Library 1

woide | STTe T eneray tev) | Kot oo Gty | Ve 09 | Vgmonest
423.700 0.000 3.2000 0.5000
537.320 X 0.000 25.0000 4.0000
La-140 1.105E+006 328.770 0.000 20.5000 0.3000
487.030 0.000 45.5000 0.7000
751.790 0.000 4.4000 0.0900
815.850 0.000 23.5000 0.5000
867.820 0.000 5.6300 0.0800
925.240 0.000 7.0900 0.1100
1596.490 X 0.000 95.4900 0.0700
Ce-141 2.808E+006 145.441 X 0.003 48.2000 0.3000
TI-208 1.832E+002 277.351 0.000 6.3100 0.0000
510.770 0.100 22.6000 0.3000
583.191 X 0.002 84.5000 0.7000
763.130 0.000 1.8100 0.0000
860.564 0.005 12.4200 0.1000
1093.900 0.000 0.4000 0.0000
Pb-210 7.037E+008 46.539 0.000 4.2500 0.0400
Bi-212 3.633E+003 288.070 0.000 0.3100 0.0000
727.330 X 0.000 6.5800 0.0600
785.370 0.080 1.1020 0.0130
1078.620 0.000 0.5640 0.0000
1620.500 0.100 1.4900 0.0400
Pb-212 4.434E+017 74.810 0.000 9.6000 0.0000
77.110 0.000 17.5000 0.0000
87.200 0.000 6.3000 0.0000
238.625 X 0.000 44,6000 0.0000
300.087 0.000 3.4100 0.0000
Bi-214 5.049E+010 405.740 0.000 0.1700 0.0000
595.230 0.000 0.0170 0.0000
609.312 X 0.000 46.3000 0.0000
665.453 0.000 1.4600 0.0000
768.356 0.000 5.0400 0.0000
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Nuclide Library 1

woide | STTe T eneray tev) | Kot oo Gty | Ve 09 | Vgmonest
806.174 0.000 1.2200 0.0000
934.061 0.000 3.0300 0.0000
1032.370 0.000 0.0780 0.0000
1120.287 0.000 15.1000 0.0000
1155.190 0.000 1.6300 0.0000
1238.110 0.000 5.9400 0.0000
1280.960 0.000 1.4300 0.0000
1377.669 0.000 4.1100 0.0000
1385.310 0.000 0.7570 0.0000
1401.500 0.000 1.2700 0.0000
1407.980 0.000 2.1500 0.0000
1509.228 0.000 2.1100 0.0000
1538.500 0.000 0.3760 0.0000
1661.280 0.000 1.1500 0.0000
1729.600 0.000 3.0500 0.0000
1764.494 0.000 15.8000 0.0000
1838.360 0.000 0.3600 0.0000
1847.420 0.000 2.1100 0.0000
1873.160 0.000 0.2190 0.0000
Pb-214 5.049E+010 74.810 0.000 6.3300 0.0000
77.110 0.000 10.7000 0.0000
87.200 0.000 3.7000 0.0000
241.981 0.000 7.4900 0.0000
295.213 0.000 19.2000 0.0000
351.921 X 0.000 37.2000 0.0000
480.430 0.000 0.3200 0.0000
511.000 0.000 0.0320 0.0000
Ra-226 5.049E+010 186.211 X 0.000 3.2800 0.0300
Ac-228 4.434E+017 93.350 0.000 3.5000 0.0000
99.509 0.000 1.2600 0.0000
129.080 0.000 2.8000 0.0000
153.977 0.000 0.7220 0.0000
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Nuclide Library 1

woide | STTe T eneray tev) | Kot oo Gty | Ve 09 | Vgmonest
209.280 0.000 4.4000 0.0000
270.230 0.000 3.6000 0.0000
321.646 0.000 0,2260 0.0000
327.640 0.000 3.2000 0.0000
338.320 0.000 11.4000 0.0000
409.462 0.000 1.9200 0.0000
463.000 0.000 4.4000 0.0000
562.500 0.000 0.8700 0.0000
583.410 0.000 0.1110 0.0000
726.863 0.000 0.6200 0.0000
755.315 0.000 1.0000 0.0000
772.291 0.000 1.4900 0.0000
782.142 0.000 0.4850 0.0000
794.700 0.000 4.6000 0.0000
835.600 0.000 0.0100 0.0000
840.377 0.000 0.9100 0.0000
904.190 0.000 0.7700 0.0000
911.600 X 0.000 27.7000 0.0000
919.010 0.000 0.0270 0.0000
964.600 0.000 5.2000 0.0000
969.110 0.000 16.6000 0.0000
1000.690 0.000 0.0050 0.0000
1495.930 0.000 0.8600 0.0000
1501.570 0.000 0.4600 0.0000
1588.190 0.000 3.2200 0.0000
1630.627 0.000 1.5100 0.0000
1638.280 0.000 0.4700 0.0000
Th-228 6.034E+007 84.373 0.003 1.2200 0.0200
131.613 0.004 0.1305 0.0000
166.410 0.004 0.1036 0.0000
205.930 0.050 0.0196 0.0000
215.983 0.005 0.2540 0.0030
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Nuclide Library 1

vocide | FTEe) T Eneray () | K20 [ e trowy | 909 | oubonn
Th-234 | 2.082E+006 63.290 | x 0.020 4.5000 0.9000
92.380 0.010 2.6000 0.6000
U-235 2.221E+016 89.960 0.000 1.5000 0.0000
93.350 0.000 2.5000 0.0000
105.000 0.000 1.0000 0.0000
109.140 0.000 1.5000 0.0000
140.760 0.000 0.2200 0.0000
143.760 0.000 10.5000 0.8000
163.350 0.000 4.7000 0.4000
185.715 | «x 0.000 54.0000 1.0000
198.928 0.000 0.0420 0.0000
202.120 0.000 1.0000 0.0000
205.310 0.000 4.7000 0.4000
D.2 Nuclide Library 5 is used for standards calibration checks.
Nuclide Library 5
vocige | caete) T eneray e [ Ko7 T unemn ttowy | o909 | oo
Co-57 2.348E+007 122.061 | x 0.000 85.6000 0.1800
136.476 0.000 10.6000 0.1800
Co-60 1.663E+008 1173.237 0.000 99.9700 0.0000
1332.501 | x 0.000 99.9800 0.0000
Y-88 9.215E+006 898.042 0.000 94.4000 0.4000
1836.063 | x 0.000 99.2400 0.0200
Cd-109 3.997E+007 88.034 | «x 0.000 3.6100 0.1100
Sn-113 9.944E+006 255.120 0.000 1.93 0.1000
391.688 | x 0.000 64.100 0.7000
Cs-137 9.480E+008 661.657 | x 0.000 85.1000 0.2300
Ce-139 1.189E+07 165.853 | x 0.000 79.9000 0.0800
Hg-203 4.027E+06 279.196 | x 0.000 81.5000 0.8000
Am-241 1.366E+10 59.540 0.000 35.9000 0.0000
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Appendix E. Quality Control Limits for Gamma Spectroscopy.

E.1 The current Quality Control Limits for Gamma Spectroscopy are listed in this
section. The limits apply to the Quality Control Standard, Geometry 11, and
define the acceptance criteria for the daily QC Check and for Demonstrations
of Capability.

N-Sigma Test Quality Control Limits (DET 01)

Mean Std. Warning Action

Peak Energy (measured) s error Dev Limit Limit
Cd-109 (keV) 8.80E+01 | 0.01% | 0.012 +0.024 +0.036
Cs-137 (keV) 6.62E+02 | 0.01% | 0.066 +0.132 +0.198
C0-60 (keV) 1.33E+03 | 0.01% | 0.116 +0.232 +0.348
Peak FWHM at 1332.501 2.00E+00 N/A 0.042 +0.084 +0.126

o Mean % diff Std. Warning Action

Decay-corrected Activity (measured) ;;?:y Dev Limit Limit
Cd-109 (pCi) 1.56E+06 | 4.91% | 37503 +75006 | +112509
Cs-137 (pCi) 4.33E+04 | 3.45% | 505.98 | +1011.96 | +1517.94
Co-60 (pCi) 6.80E+04 | 2.26% | 834.76 | +1669.52 | +2504.28

Mean Warning Action

Background (measured) Std. Dev Limit Limit
Low Region 5.24E+02 242.5 +485 +727.5
High Region 8.69E+02 206.5 +413 +619.5

N-Sigma Test Quality Control Limits (DET 02)

Mean 0 Std. Warning Action

Peak Energy (measured) o error Dev Limit Limit
Cd-109 (keV) 8.80E+01 | 0.04% | 0.024 +0.048 +0.072
Cs-137 (keV) 6.62E+02 | 0.01% | 0.034 +0.068 +0.102
CO0-60 (keV) 1.33E+03 | 0.02% | 0.082 +0.164 +0.246
Peak FWHM at 1332.501 1.91E+00 N/A 0.088 +0.176 +0.264

o Mean % diff Std. Warning Action

Decay-corrected Activity (measured) ngr;y Dev Limit Limit




Gamma Spectroscopy

SOP_1557 r1l

September 8, 2009

Page 79 of 79

N-Sigma Test Quality Control Limits (DET 02)
Cd-109 (pCi) 1.56E+06 | 4.68% | 27383 | 54766 | +82149
Cs-137 (pCi) 4.41E+04 | 5.29% | 708.78 | +1417.56 | +2126.34
C0-60 (pCi) 7.10E+04 | 3.30% | 962.71 | +1925.42 | +2888.13
| saom | W |
Low Region 5.00E+02 230.6 +4612 |  +691.8
High Region 8.91E+02 201.53 +403.06 | +604.59
N-Sigma Test Quality Control Limits (DET 03)

Peak Energy measured) | *7™ | bev | timit. | Lt
Cd-109 (keV) 8.79E+01 | 0.13% | 0016 | +0.032 | +0.048
Cs-137 (keV) 6.62E+02 | 0.01% | 0.075 +0.15 |  +0.225
C0-60 (keV) 1.33E+03 | 0.01% | 0.128 | +0.256 | +0.384

Peak FWHM at 1332.501 197E+00 | N/A | 0039 | 0078 | +0.117

——— e
Cd-109 (pCi) 1.56E+06 | 4.57% | 67736 | +135472 | +203208
Cs-137 (pCi) A34E+04 | 3.66% | 843 | +1686| 2529
Co-60 (pCi) 7.07E+04 | 1.55% | 1228.6 | +2457.2 | +3685.8

Background (me'\?;irr]ed) Std. Dev Wfirrgii?g AL(?:rim?tn
Low Region 6.61E+02 242.96 +485.92 | +728.88
High Region 9.95E+02 77.696 +155.392 | +233.088




