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Setup:

Characterized Ge detector
Electrical cooling

Shielded lab + 10 cm Pb.
No background peaks
except 511 keV
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QC Objective

Must keep track of:

“Any parameter or setting that can be edited by the user
that can affect the measurement result.”
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I Live time L= &= 71 settings
1 I--'/ ::::::: [ —————— l
R — ] 2 I Detector SN 1
- ol I
(\ — . Template I
l I Beaker :
.PDF
Nuclides
Data report t%
Certificate yki:x:l
P Editor taint
Report fmm el . I uncertainty
Vi (l"'l File name :
PDF lewer - Detector
: Dimensions ‘|:> Beaker characteri-
Final report Validation QA Log |<:II'I'estr_esults Materials Editor zation
parameters Sample Container

:: Manual entry Non-editable software

P L-s Manuel selection C) File
b o - o4

>  Transfer Editable spreadsheet




Hardware and algorithm settings QC

Genie2000 .rpt - file

REPTEMPLATE : C:%\GENIE2K\CTLFILES\MIL_REPORT.tp]l
#filename CNF_file_name: C:“\GENIE2K\CAMFILES\GEC-1117-K1-Eu-152_167
#datetime Report_generated_on: 05-09-2017 13:08:19

edit_sample_Info ==**

STITLE sample_Title: Eu-152_1671-48-2
SCOLLNAME Collector_name:

SDESCL sample_pescription:

SIDENT sample_ID: GEC-1117

STYPE Type:

SQUANT sample_guantity: 1.0000e+00
SQUANTERR Quantity_error: 0.0000E+00
SUNITS qQuantity_units: 1

SGEOMTRY sample_geometry: TRIPEZAGD
55YSERR Randmm_samp'\e error (%) : 0. OO
SSYSTERR systematic_sample_error(%):
STIME sample_taken_on_{reference_ date) 01—06—2013 12:00:00
SLOCTN sample_location:

BUILDUPTYPE Activity_build-up_type: NONE

Hardware_settings ####%

ASTIME Acquisition_started_on: 01-09-2017 14:06:05
DETNAME Detector_name: GEC

ACQINPUTID  Detector_ID:

DETID Detector_serial_number:

MCATYPE MCA_Type: DLK

MCAHWVERSION MCA_hardware_version: 6654276D

MCAID MCA_serial_number: 291

HVPSFSTAT High_voltage_status:

VOLTAGE petector_high_ vo'\tage (v) 2500.61
DETTEMP Detector_temperature: 0
AMPLTTRIM Live, t'\ITIG corr. ﬂdJUSt on

AMPTC Amphﬁer time_constant_{us): 0.000000000000E+00
ELIVE Live_time_(s): 9.8054000000E+02

EREAL Real_time_(s): 1.2863000000E+03

AMPHWGATNL Coarse, ga1r1 x:

AMPHWGATNZ Fine_gain_x: 1.6499
AMPHWGAIN2  super_fine_gain_x: 0.999998
AMPPURG PUR_guard_x: 1.100
AMPELRTYPE ELR_mode: Auto

AMPFILTERRT Rise_time: 5.6

AMPFILTERFT Flat_top: 0.8

DSSWINIMODE stabilizer_gain_mode: off
DSSWINZMODE Stabilizer_gain_mode2: off

PILEUP Pulse_pileup_correction_factor: 0.0000E+00
NIDFVARDT variable_dead-time_corr_done?: No

DTCALC Dead_Time_calculated_(%): 29.269

ACQDETTC Detector_time_constant: 0.0000E+00
Energy_Calibration_settings *#**

ECALTIME Energy_calibration_time: 01-09-2017 14:33:42
ECALTYPE Energy_calibration_type: POLY

ECALUNITS Energy_calibration_units: kev

ECFENCAL perform_energy_calibration?: ves

ECFFWCAL perform_FwHM_calibration?: ves

ECFTLCAL perform_low_tail_calibration?: ves

ECFT2CAL perform_tail_two_calibration?: No

ECALTERMS Number_of _terms_in_energy_cal_polynomial: 3
ECOFFSET Energy_fit_offset_(+): -4.1201e-02

ECSLOPE Energy_fit_lst_order_(*ch): 2.3945e-01
ECQUAD Ener’gyf‘lt 2nd_order_(*chA2): -5.2325e-08
ECALFACT _3rd_order_(*chA3): 0.0000E+00

ECALFAC2 Energy. t_ath_order _(*chrd): 0.0000E+00

ECALFAC3 Energy_ f'lt sth_order_(*chA5): 0.0000E+00
ECALCHISQ Energy_cal_chi_square: 441.585

ECALCNV Energy_cal_conversion_factor: 1.0000E+00

SCALTIME shape_calibration, perfurmed on: 01-09-2017 14:33:42
FWCALTYPE FwHM_calibration tyee

FWHMOFF shane fit offser 7 Aﬁ?m: o

CAM-file parameter checksum —
56 QC sum OK=0

Excel

7 Report_Template REFTEMPLATE
& Efficiency_Calib._Type: EFFTYPE

9 Start_channel: PEAKSTART

10 Stop_channel: PEAKEMND

11 Significance_threshold: SENSITVTY

12 Tolerance_(FWHM): copyUSEVARETOL
13 |Add_to_existing_results: PRADDPKRES
14 Start_channel: PASTART

15 Stop_channel: PAEMD

16 95%_Critical_level_test: CRITLEVEL

17 Use_Fixed_FWHM: PRFIXFWHM

18 |Use_fixed_tail_parameters: PRVARYLTAIL
19 PRVARYLTAIL is_always_0On_when_PRUSEFIXROIL_is_Off
20 |Fit_singlets: PRFIT

21 Display_ROls: SHOWROIS
ERe]ed_zero_are a_peaks: PRREJECTOPKS
23 Use_DOECAP_rules: PRODODOECAP
24 Continuum_Channels_{Ch}: PRMBKCHM

25 Continuum_Channels_(FWHM): PRVBKCHN

26 Channels/FWHM: PRUSEVBKCHN
27 Continuum_Function: ROIPSBTYP

28 Residual_Search-Perform_Search: PRDORESID

29 Use_Fixed_ROI_Limits: PRUSEFIXROIL
30 Background_Subtract_Yes: EXPBACKSUB
31 Bkg._File: EXPBACK

32 Use_Stored_Background: PRUSESTRDBKG
33 Start_channel: CcopyPASTART
34 Stop_channel: copyPAEND

35 |NID_library: EXPLIB

36 Perform_MDA_test: PRODOMDATEST
37 Use_Stored_Library: PRUSESTRLIB
38 Inhibit_Acg-Time_Decay_Correction: DISACQDECAY
39 Tolerance_(keV): TOLERAMCE

40 Tolerance_(FWHM): VARTOLERANCE
41 Energy/FWHM: USEVARETOL
42 MID_Confidence_threshold: CONFID

43 MDA_Confidence_factor(%): MDACONFID

44 Perform_cascade_correction: MNIDFCSCDONE
45 |Use_Stored_Geometry_Data: PRUSESTRGEQ
46 Use_|SOCS/LABSOCS_Total_efficie PRTOTEFFSRC
47 Confidence_Factor{%): copyMDACONFID
43 Bayesian_Confidence_Factor(abs.). PR11929BCF

49 Perform_variable_ROI_widths: PRUSEVPWIDTH
50 ROI_Width:_+-_(FWHM): VPWIDTH

51 Use_variable_MDA_constants: LISEMDACOMNSTS
52 Uncertainty_k=: MNESIGMA

53 High_Woltage_Status: HVPSFTAT
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@ Rapport dato (dd-mm-aa): 28-06-17 10:43

SUNDHEDSSTYRELSEN
STRALEBESKYTTELSE

Rapport gammaspektrometri, Miljelaboratoriet.

Detektar: GEC

Titel: MKS Gamma_ 2017 Lake Sediment

Beskrivelse: h_15-16mm

Malefil: CAGENIEZK\CAMFILES\GEC-1076-K2-NKS_Gamma_2017_Lake_Sediment. CNF
Maledato: 15-05-2017  09:07:41 Ref dato: 24-02-2017  12:00:00

Live Time: 17096619 s 475 h Dead time: 017 %

Prave mangde: 2, 08E-02 kg u:  1,00E-08 ur: 0.0%

Geom. descr..  GEC-1076_PLEXWHI Energy cal. date: 02-05-2017 12:52:28
Geom. file: |[E2Klisocs\data\GEOMETRY \Laborator\SIMPLIFIED BEAKERVGEC-1076_FLEXWHI.geo
Muklidbibliotek: CAGEMIEZKACAMFILES\TENORM_COPY K-40,Cs-137,

Baggr subtr.: 0

Usikkerhed k: 1 Random err. (%) ] Syst. err. (%) 0
CAM_QC sum: 0 &

QC sum: 0 K

LabSOCS Warning Code: 0

QC kommentar:
Identifikation og aktivitetsbestemmelse.

Nuklid Key Line Key Line Usikkerh. Key Line Casc Sum Multipl. Peak
Energy Aktivitet MDA Corr peak Sign.
(fra bibliotek)  keV Bg'kg u Ba'kg On >
k=1 3
K-40 14560,82 17048  1.21E+01 2, 1ME+01 miss 14,42
Cs-137 561,66 M7 11 726E+00 2, 73E+00 miss 49 94
§ TI-208 583,19 5,74 8,26E-01 2, 10E+00 0,9312 10,1
Pb-210 46 54 25548  3.B4E+01 2,85E+01 free 2947
§ Po-210 803,05 < 2 24FE+05

& Ph-211 Aand /3 < R NAF+N1



Manually entered parameters

Edit Sample Information

Sample Title:

Collector Mame;

Sample
Dezcription:

Buildup Type
* None

Begin D ate:

Sample D ate:

o]

Gamma_ 2015 Sample ID: GEC-987
| Type: |
|I3laespmve_tilsendt_fra_FDI Wuantity: 91698 — 1

| Uncertainty:

| Units:

ple
Geamatry:

- o ~ .
Deposition Irradiation Fandonm
| at | Errar [%]: 0
Sysh ti
[ 062006 o | 120000 | Ryeizy |0
Cancel | Help | Load Cal...

A

g

Titel:
Beskrivelse:
Filnavn:
Maledato:
Detektor:
Voltage:

Live Time:

JEY) Y vy ury vy pry
3R e 2B e~ o || e i =

Prave maengde

B C D E F G
Rapport dato: 09-09-16 14:52 (ddmmaa)

SUNDHEDSSTYRELSEN
STRALEBESKYTTELSE

Rapport gammaspektrometri, Miljglaboratoriet.

MKS_Gamma_2016
Grusprove_tilsendt_fra_FOI
CAGENIEZKICAMFILESIGEC-887-K3-NKS_Gamma_2016_FOI.CNF

22-08-2016 Ref dato: 01-06-2006  12:00:00

GEC

25006 Fine gain: 1,65
u: 0,001 g

48,0 timer

WPLIFIED_BEAKER\GEC-987_PLEXWHI.geo

EC-987_NKS_Gamma_2016_FOIL.NLB

Bagagr subtr.: 0
Random err. (%) 0 Syst. err. (%) 0

1 - 8192 ch Threshold:

) Dec. MDA 0

22 |ldentifikation og aktivitetsbestemmelse.
23 | (MIL_Reporttpl. Space-delimited rptimport, comma for decimal)

24 Muklider
25 (fra bibliotek)

Aldivitet urel
(w.m. best est) k=1
Baglg

Urel.
k=2

28 K-40
28 |Cs-137
20

0,964 B,7%
10,007 5,0%

13,4%
12,0%

QC parameters: Criterium:
Enercheck:  29-08-2016
Dev. (keV): 0,04

Act. valid.: 29-08-2016
Nuclide: K-40

zeta (line): 1,38 =2
Algorithms: 0 0

=05

56 Bestest MDA 15011929

57
58 |Skabelon:

07-09-2016 QAV: 26 Side 1/3



LabSocs. Sensitivity Analysis

Hardware settings

BLR Mode Rise Time
1,0% . 3,00%
0.8% 2,50% *
0,6% * *
2,00% ¢4
® 0,4% * * *
3 02% 8 150% * *
g 00% * i i ) S 1,00% % *
< 1 2 a4 5 < 2 4 *
a 0,2% =)
0,50% 9.
0,49
0,4% *
0,6% 000% ——o——* | | | | | | :
* 3 10 15 20 25 30 35 40
-0,8% -0,50%
Rise Time Rise Time
Flat To
P PUR guard
2,0%
"’ 1,2%
1,5%
1,0% ¢ 1,0%
® 0,5% : 4 0,8%
T 0w * ¥ ¢ g .
L R I I e~ e e S & 069 *
] * 5 06%
3 05% ® 05 159 2 25 35 <
z 1,0% * ‘5{ 04%
a -LuUxn
1,5% 2 02%
20% fo 0,0% o | | .
2,5% 025% 12 & 14 16 18
,2%
Flat Top PUR guard

Cs-137 point source, 21 mm from detector

661 keV, net count-rate 762 cps (+/- 0,7 %, k=1)




LabSocs. Sensitivity Analysis

LabSocs geometry parameters

Detector-Source Distance D 5.1 Sample fill height. Constant mass
¢ 4% *
E— :
E, 6% * = 1%
z . * =3 : 0% : : : ‘
a o9 : : : : : ‘ Qa3 2 1 1 2 ! 4
] ‘1 :: 1 2 3 4 g 5 ’ N
Offset (mm) - Offset (mm)
Absorber 1 (PMMA) thickness D 3.1 sample Chemical Composition.
5% Constant density
10% * 10%
2
= 0.5% 8%
3 ’ 3
o = %
N : o ; : . g >
.5 A 0,5 0,5 1 15 = a%
% -0,5% H';.
* 2 o% e T T
_1.5% Sphagnum Water Glass/sand Lead Uranium  Hydrogen
Offset (mm) 2%

- Distance is a critical parameter




Validation

Do | have a problem ?

Activity Deviation

15%
10%
5%
0%
-5%

-10%
-15%
-20%
-25%
-30%

Validations
Bubble size: zeta

| | | g | | |
400 6‘]‘ 300 1000 12[][]. ‘14[]
o

¢ % .

Key Line Energy (keV)

[i 1600




Detector reference plane lowered

(2mm)

Activity Deviation

20%
15%

Validations, +2mm
Bubble size: zeta

10% - ; ®
5% -| @ . .' ’ ™ ¢ »
0
0% . o . = | T i | | — | ° 1
5% 0 200 & 400 0@ 800 1000 1200 140[‘ 1600
9 e o® o
-10% 8
-15% - .
20% - ® O
-25% -

Key Line Energy (keV)




Electric cooler issue

“Sudden loss of cooling efficiency after 1 year”

Pressure (PSI) Fill Level (%)
4,0 90
35 80
N A A Wy — 0
VAN N[ v — B
— A e %
R { 10 g
. . N 05 VAR [
T / X T T / :*_. T UjU ZE;UU 1SID 1f;0 w 12‘[] 10 UD
zo,o\_j 18,0 16,0 o agow 12,0 10,0 Days ago
Power (W)
= - o O Pressure relief (3-5 h) and cooler restart
20,0 w 18,0 17,0 16,0 15,0 W 13,0 12,0 11,0 10,0




Extra material






Human factor




Geometry

Unique name: GEC-987 PLEXWHI

P WHI: Sample container ID

SRR _— PLEX: Holder ID, absorber

SR e

-~ GEC-987: Detector and
measurement ID

Name is used for .GEO, .CAL,



Loose end #1 - Genie settings

-
Peak Locate Unidentified 2nd Diff. Setup

S

Search Region

Start channel: 1

Significance threshold:

5.00

Tolerance: 1.00 kel
* Energy " Pw/HM

¥ faerierate Heport

Stop channel: 4036

[ Add to existing results

Cancel ‘ Help |

Sum / Non-Linear LSQ Fit Setup

[S5C)

Continuum function:

Residual Search
[~ Perform Search Threshold: 4.00

Minimurn separation [PwHM]: 1.00
ROl Limits Determination
kas. Mum. Fuw/HMs between peaks: | 4.00
bax. Mum. FufHMs for left limit: 4.00
bz, Murn. Pw/HR 2 far right limit: 4.00

[ Use Fixed ROI Limits

Cancel Help

Peak Area Region [ 95% Critical level test
Start channel: i I~ Use fived Fow/HM
Stap channel 4036 ¥ Use fived tail parameter
[ Fit singlets
Continuum: 4 Channels [ Displap ROl
D ek  FHM ™ Reject zero area peaks
-

Usze DOECAR rules
Step -

[~ Generate Report

-
D NID plus Interference Correction Setup

NID range
Start channel: 1 Stop channel: 4096
NID library: IC:\GENIEZK\CAMFILES\STDLIB.NLB Select...

[~ Use Stored Library

[V Perform MDA Test [ Inhibit Acq-Time Decay Correction

Tolerance: 1.00 keV NID Confidence 030
threshold: :
© Energy ' FwHM MDA Confidence %
A 5.00 %
actor:

Cascade correction

Coincidence l[ \GENIE 2K}

AMFILES\coi_lib.clb
library: 1
Geometry
Composer file l Select...

(~GEO): =

[V Perform cascade correction [V Use ISOCS/LABSOCS Total efficiencies

Cancel Help

|




Genie report template (.tpl)

FELODE D ORAML TIUL dpp T IEW, R TNIe mis>> (] LI =1 A S R LI T L S L | SR L LW R B |

"D  |AAAMAAA |F.FFF |FFFF.FF |FF.FFFF |EEEEEEEEEEEE |EEEEEEEEEEEE |AAA |A|A" #RECL(#IV1) #REC2(#IV1) #LIS2(1

tclinTe | W

(5]
=,
W
#*
#*
#*
*
#
#*
#*
#*
#*
#*
*
#

e

[Sp]

(53]
W
#*
#*
#*
*
#
#*
#*
#*
#*
#*
*
#

[==]

L IR IR b [ W B S |
=

9 Mucl

30 Geo V_PLEXWHI.geo

ncertainty Corr

37| D 9,71E-01 1,46E+03 1,00E+01 3,50E-01 6,43E-02 miss *
9,24E-01 3,18E+01 1,95E+00 @
391 3,22E401  3,59E+00 1,65E+01 2,51E+00 miss * @
7o 3,064E+01 1,00E+00 1,25E+01 1,90E+00 miss * @
[ 3.73E401  2.86E-01 @

“miss”, * and @ are moved to the end



Loose end # 2 - Nuclide libraries

-
m Muclide Library Editor: STDUB.NLE

File Search Options Help

duction presants the of

HE-131M fission gas 11.840D
I-13z2 fission Z_Z535H
Add Muclide Add Line LChange

— Nuclide
Name: 1131 L oy
alf-Life: 0
Full M ame: I— 604 CH “D
Uncertainty: + ID.DDS - M
Type: Ifissinn vl E Clear |
— Energy Lines = :
Energy: 364450 ke¥  Abundance: 2.2 x ¥ keyline
I— [~ Mowt Mean
Uncertainty, ID.EIEIDEIEID = Uncertainty; + |1_1 Ahs Clear |
Mame Type Half Life Energy . keV Abundance - %
&e85._00 85 _&130
&37.00
TZ20.50
85&.80
I-130 fission 12 _3&0H
418.01
* 53e.0%
ee8_54
T35._48
1157.47 11.310a0
I-131 fission 8.040D
80.18 Z2.8Z00
284 25 &.0500 Ej

505.30
522 _65
630_22
*  &87.869

Delete

31 i
7.2€00
1.8000

1.5&€00

5.0300
1a.1000
13_7000
58.7000 S

More...

languages)

I=EaEZS1 1™ o SO lem ECCHEX

‘updated by the Laboratoire National Henri Becquerel

pstions about the data must be sent 10 the authors. See chapler Addresses

pd: 24™ June 2016

added: Er-169

Jty updated L3-138, Ba-133, Ba-140

fles updated on 241062016
sorted

ber ! siphabatical orded
pry of older evaluations. sorted by alphabetical order)

by i

ubscnbe to DOEP RSS feed

updates: N - new evaluation: 1 - o :3- ble)

T 1 (B 2 B [ B B

Data transfer
Best data source?

of the symbols and terms used in allthe publications

Tables | Comments ENSDF‘:
table comments | enadf |
b F
lable 2
table 2
table E
latle 0
labie I
lable [
lable £
table 2
table 2
table 2
table 2
lable 2
table o
table 2
lable 2
table o




CE-13T
Ei-210

PE-210
Po-210
Ei-214

Ei-214

Pb-214

GR

-137
210

210
210
214

214
230

25dm

34
35
233
240
-241
-241
-241
-2
-241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241
241

GE

CE-137
Ei-210

FB-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-234
u-238
Pu-233
Pu-240
Am-241
Am-241
Am-241
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

Pu-241

CE-135T
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-234m

U-2354
235
Fu-233
Pu-240
Am-241
Am-241
Am-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241

EX=1

Nuclides listed with gaps!

Excel challenge

Gl

CE-15T
Ei-210

Pb-210
Fo-210
Ei-214

Fhb-214
Th-230

Fa-2354m

u-234
235
Fu-233
Pu-240
Am-241
Am-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241

Toa

G

CE-157
Ei-210

PE-210
Fo-210
Ei-214

Pb-21d
Th-230

Fa-23dm

U-234
u-23%
Fu-233
Pu-240
Am-2di
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241

FCIEN-]

G

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-25d
u-235
Pu-233
Pu-240
Am-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241

roooo

G

CE-137
Bi-210

Fb-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U-2354
u-235
Pu-233
Pu-240
Am-2d1
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

rooooe

G

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-2354
u-238
Pu-233
Pu-240
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

roocoooo

G2

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-234m

U-234
235
Pu-233
Pu-240
Am-241
Pu-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241

roocoocooo

H&

CE-15T
Ei-210

Fb-210
Fo-210
Ei-214

Fhb-214
Th-230

Fa-2354m

u-234
235
Fu-233
Pu-240
Am-241
Pu-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241
Pu-241

roocoocoooo

HE:

CE-157
Ei-210

PE-210
Fo-210
Ei-214

Pb-21d
Th-230

Fa-23dm

U-234
u-23%
Fu-233
Pu-240
Am-2di
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241

iooooocoooo

HC

CE-137
Ei-210

PE-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-234m

U-25d
u-235
Fu-233
Pu-240
Am-2dd
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Pu-241

iococoococococooo

HO!

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-234m

U-2354
u-235
Pu-233
Pu-240
Am-2dd
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

rocooceceooee

HE

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-2354
u-238
Pu-233
Pu-240
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

roocoocoococooooo

HF

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-234m

U-2354
u-235
Pu-233
Pu-240
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

roocoocoocooooooo

HG

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fhb-214
Th-230

Fa-234m

u-234
235
Fu-233
Pu-240
Am-241
Pu-241
Fu-241
Fu-241
Pu-241
Fu-241
Pu-241
Fu-241
Fu-241
Fu-241
Fu-241

roocoocoococooooooo

HH

CE-157
Ei-210

Pb-210
Fo-210
Ei-214

P-4
Th-230

Fa-23dm

U-234
u-235
Fu-233
Pu-240
Am-2di
Pu-241
Pu-241
Fu-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241
Pu-241

oo ooococooooooooo

HI

CE-137
Ei-210

PE-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U-25d
u-235
Fu-233
Pu-240
Am-2dd
Pu-241
Pu-241
Fu-241
Pu-241
Fu-241
Pu-241
Pu-241
Fu-241

iooooococooooooo oSS

HJ

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-235d
u-235
Pu-233
Pu-240
Am-24d
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

rococoooooooeooeee

HE

CE-137
Ei-210

FE-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U-2354
u-238
Pu-233
Pu-240
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241
Pu-241

ToCcoooOCoOooOoOOoOOoOoOOD

HL

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23d4m

U-2354
u-235
Pu-233
Pu-240
Am-241
Pu-241
Pu-241
Pu-241
Pu-241
Fu-241

roocoocoCcocOooOoCoOoOoOOoOoOOO

HM

CE-15T
Ei-210

Fb-210
Fo-210
Ei-214

Fhb-214
Th-230

Fa-23dm

U-2354
235
Fu-233
Pu-240
Am-241
Pu-241
Fu-241
Fu-241
Pu-241

B - - - - - - - )

HN

CE-157
Ei-210

PL-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U254
u-235
Fu-233
Pu-240

Am-2di

Pu-241
Pu-241
Fu-241

iooooococooooooooSoooooSS

HO

CE-137
Ei-210

PE-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U-25d
u-235
Fu-233
Pu-240

Am-2di

Pu-241
Pu-241

iooooococoooooooooooOoSSD

HF

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-25d
u-235
Pu-233
Pu-240

Am-2dd

Pu-241

rocoooooooooeooeDEoRR e

HE

CE-137
Bi-210

Fb-210
Fo-210
Ei-214

Pb-214
Th-230

Fa-23dm

U-2354
u-235
Pu-233
Pu-240

Am-241

Pu-241

P N N N - - N N - - N N N - - )

HR

CE-137
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-23dm

U-2354
u-238
Pu-233
Pu-240

Am-241

Pu-241

P R N - N N - - N N N - - )

HE

CE-15T
Ei-210

Fb-210
Fo-210
Ei-214

Fb-214
Th-230

Fa-234m

-2354
235
Fu-233
Pu-240

Am-241

Pu-241

P R N - N N - - N N N - - )

HT

GE-15T
Ei-210
Pb-210
Fo-210
Ei-214
Phb-21d
Th-230
Fa-23dm
U254
u-235
Pu-233
Pu-240
Am-2d1
Pu-241

oo ooocooooCcOooooCoOoOODOSS



Drift

Energy sens.

Resolution

Efficiency

Centroid 1408, Eu-152
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1,5E+06
1,4E+06
1,3E+06
1,26406
1,1E406
1,0E+06
9,0E+05
8,0E+05

7,0E+05

Eu-152 LACE

Line activity vs certified (Bq +/- U (k=2)) @ 1-6-2013
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AUTHORITY
RADIATION PROTECTION QC parameter
Energy tolerance (Eu-152)
1,0
Energy Calibration Test
S.; 0,5
=
§ o0 —_— T 1 Maximal deviation (keV)
'E y =-4E-06x + 0,0108
305 RZ=0,0119
_ljo T T T T T T T T T T T T T T T 1

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Eu-152 library energies (keV)



Screenshots for documentation

isocshdata\parameters\mull_8lb.tx

Mews Substance Composzition

Add As - Add As b aterial Iibrary
Campanent | Component Balance (Allowable Addition): 0.0000 % Clear Component | Double click for Info
d 100.00%E@H: 6. 22%C: 44.45%0: 49, 34 % [woodpine] rylar -
nacl
bl J D nai
0 0 paraffin
Y Y plexigl:
azs azs polyprop
percentage percentage polystyr
palpur
PROYREUM
= ez
i[] | rubber
4 " L2 rust
H . zand
Geometry Composer Report CANBERRA eostion efon
3%0:49, 34% [woodpine: 100.00%] - tILTngsten
Date: Wednesday, August 24, 2016 - 15:22:24 o
Description: GEC-987 1 uran
Comment: GEC-987 - e 3
File lame: C:\GENIE 2K jsocs \data\GEOMETRY \Laboratory\SIMPLIFIED BEAKER\GEC-957_PLEXWHL.geo Density, g/cm3: |0 Thray | |weLts050
Software: Lab50Cs " i . N e wcutctling .
Template: SIMPLIFIED BEAKER, Version: Custom Beaker (WHITE. bkr) ame of the new substance: |uniile ﬂ LU B
Detector: BO&006 nt: | zinc -
Environment: Temperature = 22 *C, Pressure = 760 mm Hg, Rdative Humidity = 30%
Integration: Convergence = 1.00%, MORPM = 2* (18), CRPN = 2% (15) Delete substance
Sample Weight 9.17g ‘ Help | Q
Dimensions {mm)
Ho. Description d1 d.2 d= d.4 45 d.6 Material Density
1 Bezker
H Sample 51375 wioodpine [13
3 Absorberl 5 plexgk 1.2
4 Absorber2
5 Sowrce-Detector 21
List of energies for efficiency curve generation .
45.0 50.0 60.0 70.0 80.0 90.0 100.0 120.0 Density calculated from
150.0 200.0 250.0 300.0 400.0 500.0 700.0 1000.,0
1400.0 2000.,0

sample mass and fill height
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AUTHORITY
RADIATION PROTECTION

1. Assumed sample composition and weight entered

Description: | GEC-987

Camment: |GEC-987
Units: & mm  Cem O m O in OR

Cancel

| Apply
Specify zample by it Dimensions "-.fculum)é " wisight \
No. Description : i Density | \Weight, g Help
Beaker \

Sample 1375 |woodpine > 1| Vo.17]

Wiew Drawing. ..

0.6
Absorber 1 plexig *J| [ 1.2
Absorber 2 |

Source-Detector |

0

2. Density roughly adjusted to reach approx. fill-height



Gammaspec 2016 sample

9,1698 (10) g NS Gmms s
vebw. 916984
Fill-height = 5 mm e

Rt 17, - 200k
13:0e

Spectrum data file: GEC-987-K1-....cnf

N

Detector ID — Measurement ID — Acquisition cycle -



Geometry model (LabSocs)
Standard container ”WHITE.bkr”

[\ WHITE.bkr - Beaker View [E=REE—
Fle View Edt  Hep  Ext

B #HD RS 6 U6 a0 S H

Outer Contour View

Vg
webtw. 91698 4

Gl posel

Ve - Loek
Lo

66
Diameter
all dimensions in mm
Ready hmﬁa
o A
| WHITEbkr - Notesblok [E=REER
Filer Rediger Formater Vis Hjalp
# Inner Contour -
[ S
#
# D1, mm H1, mm D2, mm HZ , mm ID Material Density g/cc
#
0 , 3.4 , 4 , 3.2 , i, POLYPROP, 0.91
4 , 3.2 , 7 , 3.05 , i, POLYPROP, 0.91
7 , 3.05 , 11 , 2.78 , i, POLYPROP, 0.91
11 , 2.78 , 14 , 2.4 , i, POLYPROP, 0.91
14 , 2.4 , 17.5 , 1.9 , 1, POLYPROP, 0.91
17.5 , 1.9 , 21 , 1.4 , 1, POLYPROP, 0.91
21 , 1.4 , 60 , 1.4 , 1, POLYPROP, 0.91
60 , 1.4 , 62 , 2.7 , 1, POLYPROP, 0.91
62 , 2.7 , 62.8 . 5 , 1, PoLYPROP, 0.91
62.8 ] , 62.8 . 50 , 1, POLYPROP, 0.91
62.8 , 50 , 0 , 50 , 1, POLYPROP, 0.91
"
# Outer Contour
[
#
# D1, mm H1,mm D2 ,mm H2,mm ID Material Density g/cc
&
0 , 2 , 4 , 1.8 , 0, POLYPROP, 0.91
4 , 1.8 . 7 , 1.65 . 0, POLYPROP, 0.91
7 , 1.685 , 11 , 1.38 . 0, POLYPROP, 0.91
11 , 1.38 , 14 .1 , 0, POLYPROP, 0.91
14 , 1 , 17.5 , 0.5 , 0, POLYPROP, 0.91
17.5 , 0.5 , 21 , 0 , 0, POLYPROP, 0.91
21 , 0 , 61.5 , 0 , 0, POLYPROP, 0.91
61.5 , 0 , 64.5 , 1.7 , 0, POLYPROP, 0.91
64.5 , 1.7 , 66 y 3 , 0, POLYPROP, 0.91
66 y 3 , 66 , 50 , 0, POLYPROP, 0.91
66 , 50 , 0 , 50 , 0, POLYPROP, 0.91
%
4 13
L




Test measurements

“Beaker”
Eu-152

“Point”
Cs-137, Co-60, Am-241
(Ra-226, Pb-210)

“Custom Beaker”
K-40 (KClI)
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RADIATION PROTECTION

abS(Acert — Aobs)
\/u(Acert)z + u(Aobs)2

zeta =

37

38 Evaluering

39 zeta (<2) W.M. BEE. 1,49
40 zeta (=2) Line 1460,82 keV 1,49

41

42 1200
43 T

44 1150
45|
46 1100

47 o
48 =
49 -

g

50
51
52
£3 950
b4
55 900 ,
56 K-40 KCI1 W.M. B.E. Line 1460,82 keV

67
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RADIATION PROTECTION

In case of non-compliance:

Increase efficiency uncertainty.

Calibrate by ISOCS/LabSOCS: Efficiency Results

Energy
45.00
50.00
€0.00
70.00
80.00
90.00

100.00

120.00

150.00

200.00

250.00

300.00

400.00

$00.00

700.00

1000.00
1400.00
2000.00

el L L I S N S S S S o S S S

Efficiency

.152¢60e-002
.1691¢6e-002
.19048e-002
-.19340e-002
-18627e-002
.16853e-002
.15045e-002
.09884e-002
.01005e-002
.42223e-003
-.97721e-003
-97454e-003
-59443e-003
.77504e-003
.81843e-003
.08428e-003
.56329e-003
.164¢60e-003

2Uncertainty

1s.
1s.
10.
10.
10.
10.
10.

0
0
0
0
0
0
0
0
0
.0
0
0
0

0

E.g. changed from factory default (4%)



Reporting rule

no
A(wm.)>MDA? —— “A < [MDA]”

yes

“ A (best est.) +/- u (best est.)”

To avoid false positive results, we have chosen not to report A when
MSA < A < MDA.

In some cases, w.m. < 0 and best. est. >O0.

w.m. = weighted mean
best. est. = best estimate (1S011929)



