A Study on the Uranium
Enrichment Determination using
Standard-less Gamma
Spectrometry Technique
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€ CBNM Uranium Set (“EC NRM 171” or “NBS SRM 969”)

Mass %
Reference Isctope
matenal 235 232 [Ref. 5] 234 | 236 ) 238
CBNM 031  0.3166(2) 2.1(5)x10"" 0.0020(2) 0.01456(3) 99.6669(4)
CBNM 071  0.7119(5) <ixi0™** 0.0052(2) <0.00002 99.2828(4)
CBNM 194  1,9420(14) 3(3)x10™* 0.0171(2) 0.0003(1) 98.0406(18)
CBMNM 295  2.9492(21) 6(2)x10* 0.0279(4) 0.0033(2) 97.0196(29)
CBNM 446  4.4623(32) 3.7(3)x10%" 0.0359(3) 0.0068(2) 95.4950(32)
780
Height 90 %= 0.2
i . Ultrasonic seal Can Chuter diameter 80 % (no data)
i % ; Edge below window 1 £+ 0.05
oy . / -Aluminium plug can ThiEIkI'I.E'SS 2 + 0.02
e 777, ; : window Deviation from flatness = 0.1
S ; / l 77 # Diameter _ 66 + 0.05
3 v U308 powder II_-IE|gI:|t for material
T ! 446 15.8 + 0.5
S | U30; filling ﬁeéf'eh.-taaﬁi" o 20.8 % 0.5
| Diameter 70 T 0.0
L t } ' o
_p10 w

Z X : Collection of medium resolution gamma spectra of certified U reference materials, JRC Technical Reports, 2015
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€ ORTEC Micro Detective, Electrically Cooled, HPGe Detector

Crystal : 50mm X 30mm

Resolution : 2.0 keV at 1332 keV, 1.0 keV at 122 keV
Total MCA Channels : 8192 ch

Conversion gain : 0.36621 keV/ch

=X : AMETEK Brochure
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€ Uranium Spectra (Uranium Only)

143.76 keV - U235
163.33 keV - U235

Ge

185.715 keV - U235
205.31 keV - U235

13
=X :1AEA & B X} 2 (Comprehensive inspection exercise at bulk handling facilities, “U-235 Enrichment measurements by gamma-ray spectroscopy”)



Counts/Channel
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€ Peak Ratio Method

Yleld Efficiency

Absolute Eff.
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Generalization
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@ Relative Efficiency Curve

- Assume : Same branching ratio, 100% efficient detector

Counts

Energy

- Real : different branching ratio by isotopes, different efficient detector by energy

Counts

Energy
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Multi Group Analysis

Lawrence Livermore National
Laboratory

ORTEC MGA++ V1.06
(MGA ~ 100 keV, U235 < 300 keV,
MGAHI : 200-1,000 keV)

CANBERRA MGA v4.2

ORTEC® MGA++ m ‘ MIRION
Safeguards Software
MGA-B32 V1.0
G Ray | ic-Ratio Actinide Analysis ™
from Ge Detector Spectra MGAU

Multi-Group Analysis for Uranium

+ Anaiyaus BOTIE
+ The ntest LU sigorthms for ackmide ansiysis

z oetn,
+ Eacty modied paramstar st for optimem rosets

KEY FEATURES INTRODUCTION DESCRIPTION

[ p—

KEY BENEFITS

Fixed energy Response functions Analysis with

Multiple efficiency

Los Alamos National Laboratory

ORTEC FRAM v5.2

CANBERRA PC/FRAM v4.4

ORTEC PC/FRAM-B32 va.3
Safeguards Software

Advanced Isotopic Ratio Analysis Software
from Ge Detector Gamma-Ray Spectra
— A U, a0t

« Dynamic seloction of Engich or Fusaian Graphical-User Intertace
«ORTEC Comecnons-2 compliant

« Docay Comsction for lsatopic fractions

Introduction

The PCFRAM' code has been under evokiionary
devolopment at Los Alamos National Laboratory since the

mid 1960s. PCFRAM-B32 Version 3.3, is & 32-bit version foc
the Windows SS/S&NT operating plafiorms. It operates wibw

wranium st
are performed on sampies
‘and phrysical and chemicsl

m ‘ MIRION
FRAM

Fixed-Energy, Response Function =
‘Analysis with Multiple Effciency = i

Radiation Safety. Amplified

e dosin ang

17
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Parameter List

B PC/FRAM 42 My System |_ (O] x| A—
Measure  Options  Hela Na]_]]_e Descrlptlons

T U100keVLEU Planar, E<=10%. 100keV
Fils Open Defaults U100keVHEU Planar, E>=2%. 100keV

File Sawe Defaults | T S S S S S s sm s 1

Acspire Dita Defauls ULowl21 1001Cx | Coaxial, E<70%, 121-1001keV |

teasurz Pu Sample Defaults

Moasura U Sample Defauts UHi1121 1001Cx Coaxial, E>10%, 121-1001keV
anakyze PU Data Defauls

#nalyie U Daia Defauls ULOWENR Coa};lal, E<:5 0%, ]. - l 02 4kev
el UHiENR Coaxial, E=20%., 1-1024keV

Invoke the change parameter utility.

e
Cancel Ferfarm insertion. deletion, shifting of rows 0K, | Cancel Perform insertion, deletion, shifting of raws
izotope eﬂi?;y \'\ltiir&?h bre:;;roﬂng a?;a ;rugr; ufSDerd ufSDerd ufsoerd ufSDerd ufSDErd ’ ri?;?tn reegnign B}EG B#ﬁG B#'?ZG B#':ZG B#KSG B#'EG B#EIG B#'ile bac{;gprgund )
to |with | eff | act |ecal| focal | scal start | end | start | end | stat | end | start | end
1 U234 120.905 0.00 3330006004 0 0[] 0 1 9% 977 |90 9% 973 (%7 0 0 | 0 0 [inear =~
]2 uess 140760 0.00 zezonoe-00s (00 [ ) [ [ (]2 1114 1176 1094 1102 1103 1112 1177 1188 1188 1197 [inearstep <)
] 3 vess 143760 0.00 tossmoe-omr 00 (XXX BX)BX (] 3 [1286 1320 1267 1278 1278 1288 1330 1339 1342 1352 [inearstep  ~|
] 4 145.94p 0.00 ooooooe-o00 |00 [ ] ][] [] 4 1450 1500 1416 1428 1440 1448 1513 1524 1526 1536 |bilinearstep |
[_]5 v 163330 0.00 soasmne-ooz 00 | XX BX) X [ ] 5 1585 1656 1580 1584 1600 1604 1656 1664 1688 1696 [inearstep <)
[]5 vz 182510 0.00 a2amoe-003 (00 [ ] [ (1] [] 6 2os2 2080 2032 2048 2084 2100 0 0 0 O [inear <]
I_]7 vess 1875 0.00 srasne-00n 0 0 X X X XX [] 7 4534 4571 4496 4504 4575 4563 O 0 0 0 [inear  ~|
[]o uzss 202110 0.00 1rooo0e002 |0 o ([ v [ 15 s8ss 5968 5776 5792 5992 GO0 0 0 | 0 0 linear < v

Peaks to be used in an analysis Regions by Channel
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4. Results

@ Calculated U-235 Values

5.00
4.00

3.00
2.00 '_I
1.00

- BT

OO0 cbnm031 = cbnm071 = cbnm194 | cbnm295 | cbnmd46
mCasel 03192 0.7096 N/A 2.8816 42212
mCase2 03202 0.7060 N/A
mCasedl 02054 07198 20289

Case4| 0.3157 06983 | _ 15798 | 25686 _

m Casel mCase2 mCase3 Cased

Case 1 10 cm 16 hours
Case 2 2cm 16 hours
Case 3 10 cm 5 minutes

Case 4 2cm 5 minutes



4. Results

@ Relative Deviations (Mea - Ref)

0.60

0.40

0.20 -I
(0.20) I '

(0.40)
(0.60)

cbnm031 cbnm071 cbnm194  cbnm295 cbnm446
mCasel  0.00 0.00 N/A (0.07) (0.24)
m Case2 0.00 (0.01) N/A (0.07) (0.16)
mCase3] (0.11) I 0.1 0.09
Case4  (0.00) (001) | (036)

W Casel mCase?2 m(Case3 Case4d

Case 1l 10 cm 16 hours
Case 2 2cm 16 hours
Case 3 10 cm 5 minutes

Case 4 2cm 5 minutes
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5. Conclusion

¢ HA 2ihE 0|52 sZ oAM= SE=UY 2A810| s5= 0|5 B=2E7l =5

& Case394= A ZA|ZH0| SES1X| 22 20| 0|5 QAL I UHE 0| Q2 THEHE

<XtxZkao| Xjo|>
- Case32| CBNMO0310{| A 2F-0.11 w/o,
CBNM2950| A €F + 0.60 w/o
- Case42| CBNM1940{| M 2F - 0.36 w/o
CBNM4460f| A 2F - 0.38 w/o
CBNM4460{| A 2F + 0.39 w/o

E39|, 7}% 2|t AlIZZ A (Case3, 10 cm, 5 minutes) A &

Ref 2.95w/00| A 0.6w/0 XIO] E=XY.
RO A MESHA 2HO R E TH-SI=| 0K dE¥2 gittn = = QU
CtRE MAL 2w £20.712 F0.6) 0 M= & LHO| ZHHY 04 Z0| U=

Y=
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