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Installation of a Hybrid K-edge/XRF Densitometer in NUCEF

Hideaki MINEQ, Hisato OKAMOTO, Masakatsu MIYAUCHI, Shuji OKAZAKI
Katsuya HOSHI* , Isao TAKESHITA, and Sin -Tao HSUE * *

Department of NUCEF Project
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura. Naka-gun, Ibaraki-ken

{(Received June 17, 1996)

Hybrid K-edge /XRF densitometer (HEKED) is a non-destructive measurement
device consists of a K-edge densitometer and a X-ray fluorescence spectrometer.
It enables accurate measurement of uranium and plutonium concentrations in a
solution simultaneously, within a relatively short measurement time about 1000
seconds. In NUCEF, an HKED was installed in January 1994 as a part of DOE,~ JAERI
research cooperation. The HKED will be employed for the uranium and plutonium
concentration measurement in the nuclear material accountancy and control as
well as in the process control of NUCEF critical facilities. The device will
be also used in the inspection activities at NUCEF by the Government of Japan
and International Atomic Energy Agency.

Calibration test and long-term stability test were carried out on the HKED
using uranium solution. The calibration test result was compared with the result
by.Davies & Gray method and found to be agreed within 0.3%. Also, the HKED
showed good stability for a year. Furthermore, an encapsulated cell containing
uranium standard solution for calibration was prepared. It was found that the
uranium concentration in the cell had good stability so that it may be used for

the calibration in the routine inspection.

This work was performed under the USDOEJAERI Agreement Concerning Research and Development
in Nuclear Material Control, Accountancy, Verification and Physical Protection.
* Japan Nuclear Fuel Limited

*% Los Alamos National Laboratory
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LT A DB SN A 2 VERETEFERFR (NUCEF) 12id, STACY (&%
BE L KBIEE) RUTRACY GHERAFZRIELE) O2R0BREREENHD., DI b,
STACY (EWEAERER) T, v RO A =0 AOMBHERVHWVW LS, B
ERBOBRBEHT, ERE RS THEINER INLE, ZOBBRERNRBOTRYE
BOED, SLILINLEEREOHETEO, BWEOBREORERILATHE, T
BEHERAOSHIMESE VOB ET I 0MBERERABAMAT-FECRERMELZT D
ZEMRBELY, EFo, ARERICRWTE, BV P U AOEERERIIOWT, RIERH
& EoOBERE BAEER OO THEERZEEZTOI L & o TR Y, Bl DIEMRLREH
ENEREIND, ITHOLOEREMAL D 2L LT, FHEMEED1STHLINAT
Yy KKBRNHRER (LLF, HKED) #:®&E L NUCEF (281# L 7=,

HKED 1%, K BICHREG S X O 2B GhE b DO TAA T Y v R LR
i, 9 ETA P ADBRELBRKESERRIBRIIIONAT Y v FERBREHOT
HHied, +bb, ERMCENL KBIUREBEFICLIVERICFEL TS HOLE
BEAREL, X XBOVEHIL Y BT EOFELEZRD, BLROBELZTEETDH
DTHBD,

IORBREENLT, 97 VRUTA = LAORBELDSKEV (U/Pu: #100) BOE
THEOBEMIEPORLROOITHER & L CHIE. @RS EMI —L 2 — B8R (8L
T. KfK) TiThiz 12, FEICBWTHIFERRE, HLETHE~OEANED LN TET
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RREEN RIS #I R DR R UBRICEBIT A2 E) (BT, (RIEHBEFIIER 1HE)
CESE 19904 11 AICAE LEHEDTTEE 3 (Action Sheet 3) NUCEF D7 D3
ERE R OLEBIR] Itk - T, RIFROBYESNLREIL, 1994 F (FRL64) 1A
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2. "7V y FKIBREFZ XL D U KU Pu ORIERE & 51K
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LHEOE X BOHTE (XRF) b boTthny, BANIE, MAERE bICY T
ETN b= AORRRRIEN ARETH D, KED HHEHBEORWT T TN F =y L
R L THERSESNENTH Y., —F. XRF ERERHERORELZ T HOHERRE K
x LT HREMICEN TV S, MEOHEZEMLT, KED KEVZRBIIFELTVS
FOLEBEXREL, XRFICE ) B TROEELERD A LICKY, tRRELZER
TAE2HLDOTHD, EVRZEE, WEPHELH- TBNTEORELZ LV IERICERTS
AL L7=mbDTHD,

LTIz, KED#EE XRFiECk20 5670 by AOBIERBER~L,

2.1 KRWET > rARY

FY (D2 THYSVYROTAL =0 48) 285 XBEORIURER, XBOZ R X—0
BN E & b IGESHICED L. TREFO KRS 3 A X — KBRETERESN5E5
BETRAX—) AT, Table 2.1 ISRT L3 ICKRESHEMT D, LT, ERTx
NE—RZRRT MO X BEREHIBERT 2 & Fig. 2.1 12T X 910, R OREREITK
T ABRENERXHARY b o KRR N F—RlB]ns, KEDiE, ZDA~
7P RCBREEEORE SHLRBTOY I LRI F = 2SO B AR ERT
BHHFETHD, IOSWECRBEOMELLUTIIE~D,

REBHAEICHRE L X BOFERETIL,
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W BMTED KRS R X¥—0 Lk, Fiiiit s Xm0Ei#Es Tu AT, HER%
IEREDER Aps KT Aum ( Apa=pau—pal,  Apv=pvu—pwn) &975 & BREOLR X,

R=Ty /T, =exp(-Ap, -p, - X)-exp(-Apy -py < X) 2)
ERD . QREEHRTLE, BRITEDORK pa 1,

-InR  Apy-
Ap, -X Apy

Pa

L5, HBIEEO KBNS TR A X —EF B2~ Y v 7 AORERBRES 00
STE A i Apa iR TIE B DI EL R B D T, QROEUE 2HRHETE D,
L7285 T, BHIEHRBRE paid.

-InR
o 4
™ @)

Pa

L, = Yy ACEBFRICRD ST ENTE D,

Ak, @RS LB LML DI K BRI R L ¥R 5BEEL EfRICRD D
T b iz, REFh o SR REREICS T & 5 EBN L EBWRIREE Au ORELE K
HELbic. BRXBE—L0MEELBEREEZ —EIT2IEMBEORVIIEZTT) £
THETH D,

Table 211275 & 70 b= 50 KR FAF—, KIRIHT R X—I2807 5 |
HEWRIDRROEETT,

Table 2.1 Electron binding energies in the K-shell and mass attenuation coefficients

of uranium and plutonium®

Element U Pu
Electron Binding Energy (keV) 115.6 121.8
Mass Attenuation Coefficient (uu:cm?g) 1.331 1.419
| (W:cm/g) 4.832 5268
Difference of Mass Attenuation Coefficients 3.501 3.849
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Fig. 2.1 K-edge transmission spectrum from uranyl nitrate solution of STACY
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Table 2.2 /73 v R UT N h= A0 K ZHOEEHE X BOTIAXF—RUOKILEZ

Yo

Table 2.2 K series X-rays and its intensities of uranium and plutonium®

Element, Kou Koz KB KBs KBs KB2 KB4
U 98.434 | 94.654 |111.298 110.421 | 111.964 | 114.445 | 114.844
45.1 28.3 10.70 5.65 0.397 4.15 0.12
Pu 103.734 | 99.525 |117.228 116.244 | 117.918 | 120.540 | 120.969
45.1 28.4 10.70 h.44 0.413 4.18 0.13
Upper : Energy(keV) Lower : Intensity(%)
10
Counts
Dissolver Solution UK
e 2squn Wey |
1.85 ¢ Pu/1 :
:i ! UK ;
10° - | !l UKz
WKa
104 XRF Spectrum PuKa
FUK,G]J
Pukpy, "“Ce
UKa; ey
18° WA | e |
passive W e T R
&dK
1t Spectrum LY h . '\ h t
|
BaKe Pukay UKBae
IU‘ . T 1] 1] T A . T 1 T
0 400 800 1200 1600 ppgnne 2000

Fig. 2.2 Typical XRI spectrum (lop) and passive spectrum (botlom) measured with the

XRF detector from an input solution®
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2.4 NUCEF ~A 7V v F K WIBEHRBE R O ¥

NUCEF @ HKED i%. &icbah~/~ X 512, NUCEF DETIFERR BT R E
O FF BB R DU S R (i O IR AT S ICHER S AL O TH Y . BRI
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M TR CHEREREEREKPOYS L 20 AREORERMECH LN
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NUCEF OB TR 1 HOEATHET AL Ik THY, BlERAROERAIAMEIC:
ST ah,
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(2) SREHEEE S U TEARN 2em OEA (2em /L) EEHME 4em DNV (dem V)
EHEVSTE I EICL Y EWRERBOMENTE D, '
75 hBWETIL P AOBRERBELE 50 g/LUTOBEICE, 4em EA L,
2R OB, 2em EAEZBNAZ EI2X D, 10 g/L A5 500g/L OFREE TRIEA =]
Rl 2T D,

(3) REHRROMAIIS U T, K WIURBRENERUEE X RRENTEOMRAETDEIZL
DX OREE— FHARBIRTE D,
05 R TA F =0 ADHO K RIURRERE E 2808 XBRRE, mHEO KR
S R A N O Ve X BB E S, REOMKICIS U RlEE— FALEIRTE 5,

@) eRetETEFBBRENTE D, :
GRBOMEEAPERTE, HeicBE LERET— R CTREHIEC L VEEMENST
XA TWD,

(5) RMEHEICASERTIAEA OEZARG L LTLRHASD,

ERAKEL LTLERINS ), MRS EEEESMNER L DBRATED X
HehoTEY, M4, BEE4A. BRMBEESEVPAHNTEDS, £, REAST A—
FOEEIL, GEEE LMTZRVEIIELT 7 BERALAUBREIN TN S,

(6) ELFEOFENRD LbNEHEIZIL, BEBXTHOND,
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3 NUCEF /~A 7V v F K BIN s 08 A Dkl

31 "7V y FKBRIURBEFORE

R BT I SRR ¥ T v RO L b = ADRE ST~ HKED OB R EHT
<# 5 KED R XRF E4EBA+ 2= 0k3t, NUCEF HEORBED 1 2>THD
CSEF (Criticality Safety Experimental Facility) FHERROEMLRBIN TS, ZD
WHEE ~NA T v FRIE LTI ROTIA =0 AOBELXRFRETE 2BREE T
IE STV hoTr, FO%, 1983 E T A5 KK T/HA 7V » FEABTd, 1989 FIil
K{K TRI% S A7 HKED 7 5 25 7 — 7@ UP-3 FAB LR IT SRR TOBY
BBERNE D OICRE SN 9, ZOREF - B EEE TIL 1980 FRE&¥2
LAYERAABR T C. R B A SR E L RERRPHth I,

NUCEF 2l 1% 1985 4 (BBF1604E) ZANHRF — F L, BRBEho v 7 RU
7N k= AREGREFEDREIEEREE THY, CSEF LI EHEHED
w11 HiL. KK OES%H 5 1988 £ TICLA T oM ¢ HKED 258 E S4L7z,

c 2.3 Tl X I ICHBENE THL-D, HERBRRLEREEZ 0 A~ETZ
EMAEE THRARED N S b T,

2283 TR LD ICRE THEBEORENAIRETH 5.

R XBEBVWA I ENTEBR L I ot kO OEY  RT AT
R THERASHETH D,

- [ERRHIC R RIS DR b TV S,

3.2 DOE/RIFFFRm I L 2HA

1989 75 HKED O# AR EDEAN R ENT, P, A—V—2@LT, REL
FToTxi KK 756 DEAZFE LESFRREICKD o7, HWT, K RUINRERE R OB3E &
VBB I AREHSB A O X BHEER OB LT TEEROH L KER AT 7E
AESTFEH (UF LANL) & ORE T 2R, FRSEBAF T Lot B
B JEHF DOE IO Bl A E LR G Tho i, ZOMRBHBEDT
COMERHD 1oL LTHKED RAETE D alfEtknid oo, Z 07 ZOWHER 1990
£ OCER2E) TH 2 BRI, RE11A 16 RICZOBBOMBLHEDO TOTEE
(Action sheet) D 1 D& § 5 Z EMBEGEENT,
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HKED O — KRRV 7 b7 OF%EEERE., LANL [ZBW TR E#ERa ¥ 7
NAERY A LED SN, DHIZIET LT, HKED OB ERBEFMTE2EBMT 5/ u—7
w7 AR EABRIE R ORRERIC VT B LANL 22 L ERER 2/ TENA—

A EBYEE HE SHT,

Table 3.1 10 43585 NUCEF ~DRE X TORBEOBREL T, RiL, TBHESE L
AR AE AN R Pa—L b, BBORBMHITONR 1994 £ (ER64) 1 HIZRM
& DOE BHER L - YEMBREB T COERLEBR L TRLTVS, ZOM., DOE REFH O
RIERBERERBIBEOTREE S/ L—72% (PCG (Permanent Coordinating
Group) Meeting) TOMEBR M OFERLHIER U LANL TOHEHIZ HLEDbE 2T/,

Table 3.1 Activities toward the installation of HKED in NUCEF

Activities Provisional schedule Results
(as of Nov., 1990) (as of Jan., 1994)

Order detector, x-ray generator, March, 1991 March, 1991
and other electronic components '
Mechanical design: conceptual

and sufficient detail for the April, 1991 July, 1991

glove box design to be

frozen
Design review May, 1991 November, 1991
Detail mechanical design June, 1991 August, 1991
Approval for fabrication July, 1991 January, 1992

Mechanical fabrication

August, 1991

February, 1992

JAERI

Software development April-September, 1991 March, 1992
System assembly and testing August-October, 1991 April, 1992
Measurement and testing Nov., 1991 - Feb., 1992 Qct., 1992-Nov., 1993
Training and acceptance test by March, 1992 July, 1993

Shipping

April, 1992

Dec., 1993 - Jan., 1994

Installation .

TBD

January, 1994

TBD: to be determined

E£MHHMALARLE I, HKEDIISWOFELY 149 » ABRKEENTNUCEF 1252
Shf-. NUCEF @ HKED i1, 2.4 TERCil~7= L 9 IR ot BE ST Ta L BRT
ERET A (JAEA) K LABEETHLAVLNEILERS>TVD, MEOHBEER

— 9 —

i
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TRV A S HE U IAEA O3EE (Authentication) 2% 2 2 E BB TH S0 HKED
i TAEA 725 ¥ FHHEERE (User Requirement) HHBH S, - Oftia S AMNEBREH
(Acceptance Test Plan) 1255 < TARBR CHRT 5 - LICX DRENTOND, Lk
~T. JAEA HERT DAL IR L CREHRET 2 REDRH D, IAEA 20 DIERERE
DOPREOERIZ, FIFE LANL Ti7o7Y 7 b= 7 OBEBERORMNIKT L&D
1992 4F 3 A iofThiirz, Lisddo T, RO ERE UL Y| TAEA IZ X i1y
AR E R BIERL E T2 JAEA R UVLANL & OF @A 9 » BHEV 2 E L7, JAEA %>
ERINAEEIRBLNB Y 7 b7 icBT 500 T, IOEEICL D BRSO RYE
TRAEEZELTT. SUORYPa—AnbBREAELLI L ERoT,

HKED @ LANL #*& NUCEF ~O#i%Fpiis, 1993 € CE S 4) 4 A oMmEFSis:
WU TITo 7. WEEATCHEE (X BRARR) OFRRADRBEN Do, BBEIITE,
NUCEF iz 31} 57+ » FRBROBLIAT® 1994 & (PR 6 4F) 1 AL NUCEF O =)
iR L, Fig. 8.1 42 HKED OB EOICET 2BAM &5, |

Analytical
laboratory (I111)

§ alytical
laboratory (I1)

§ k \ et % g e 4 3%

3 Y

B Z

i 2o B ., ¥ Zz
% “ 7%

Glove boxes

N\ Glove boxes (future installation)

Fig. 3.1 Location of HKED installed in Analytical laboratory of NUCEF!?
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4. NUCEF A 7'V v F K RIVKIRES OB OFRE

4.1 EAALER
Table 4.1 12, {REHEEATRFRG NIHE OHHERICAE S/ NUCEF ~RXET 5

HKED oAt e =y, ZotkE b &1 LANL TO#MSORIEELSRLE I,
FERLE TOBBRIC BV TRECER LA THNT,

Table 4.1 Basic specification of HKED of NUCEF (as of Nov., 1990)

Items Specification
1. General The hybrid-type NDA system, based on the technique of K-edge
densitometry and X-ray fluorescence spectrometry, measures the
concentration of uranium and plutonium with highr precision and
accuracy.
2.Environmental [(1)Temperature 22~27°C
condition (2)Humidity 40~50%RH
(3)Pressure -12~-15mmH20
(4)Background < 30 uSv/h
3.Electric source [(1)AC 100V +10% 14, 50Hz
(DAC 200V +10% |36, 50Hz
4.Cooling water |[()Water temperature 20~30°C
(2YWater pressure 1 ~3kgfi/cm?
(3)Flow rate about 4 L/imin
{(H)Water distilled water
5, Precision (1)Precision for single 10~30gU/L <t 1.5%
component solution 30gU/L < <t 0.5%
(1000sec. assay) 10~30gPuw/L <+ 1.5%
30gPwL < <+ 0.5%
(2)Precision for mixed U/Pu: 1~50 0.5%
solution U/Pu: 50 0.75%
(1000sec. assay) U/Pu: 100 1%
U/Pu: 500 50%
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Table 4.1 Basic specification of HKED of NUCEF (as of Nov., 1990) (continued)
Items Specification
|6.System (H)LANL's scope

configuration| X-ray generator, X-ray fluorescence detector, Densitometry
detector, Amplifier, Detector bias supply, Digital stabilizer, LNz
level monitor, Automatic LNz supplier, A-D converter, Counter
fTimer, MCA, Sample changer, Computer, Printer, X-Y plotter,
Radiation shielding (<20uSv/h at the surface of equipment)
(2)JAERI's scope

Glove box, Cooling water supply system

7.Software (I)Background subtraction of K-edge spectrum
configuration [(2)Fitting of K-edge spectrum

(3)Energy calibration of K-edge spectrum

(4)Calculation of U and Pu concentrations

(5)Background subtraction of K-XRF spectrum

(6)Energy calibration of K-XRF spectrum

(7)Calibration of area and ratio of peaks in K-XRF spectrum

(8)Output of results

(9)Output of spectrums to X-Y plotter

note) LNz: Liquid nitrogen

1992 4 (ER44E) I2ED S IAEA ~2iH S #v/- NUCEF @ DIQ (GREHEREME) T
1. KR matic L 270 = ABEOREBREC DV THARERVRKHREL L
TO05%s LTVWE, BERETIE, A =0 AHM T 30gPWL 22 2RET, BE
HRIEOE ST UPust 1 ~50 DFEBTHE-ING, o, SHEEShTOSZER
BRTEBROMEIC L VHEEIND,

LANL & 02T LA O R, Table 4.1 (2R L7 BER O ILEAESAITITLLT
DESICEEINT,

CREEROLVALE=S RUHBHGEET. DY) RDIR DR ERESE B L

770
c BHIKEESERB . LANL 23l L7z, S HICIEESBKHEZBMLT-,
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4.2 "R T oORH MEORE

HKED i%, REENHANET LI n—T Ry 2 2 LKL TERESNS (LAT, HKED
LT Ry RAREDTEERL VD, ) . Kb E~7 X 512, HKED i LANL 2
E - BUERIN L. Fu—7 Ry 2 AOEHHII NUCEF 734 L7, NUCEF # 53%{fHiz
DVTH, ZEBHETE () . ®F - 8 Ex21To 7,

4.2.1 mEtoOEK
AdEBEIL. NUCEF OFEFIFAZR (STACY Wiz %1 TRACY fEik) (BT 5ot o
—8TH B, LIS T, .

1) THARETFHOREFRREHET KA EREEESFIFASE . THARFAPFERR
BHREHRORFFHROLEE (STACY (ERERAEREE) MBORB) FRo5RE
K OTEOFEORTRFEE RO TBARFEF DGR ERBHERTOR TR 0ER
(TRACY GEERERIZERERE) MRORE] KRIRFRUOTEOHIEORAIHHAE]
FEBAELTVWD I E,

2) AREEL, FHTEFEEECESS MEMEENREFHILR] KBS LTVEI &,

3) MHEEHERE, BIERUCMRTHRAES THHZ &,

AEREr - BUEOMEI HEE LTz,

422 RERCHE
ST I EEARRE + REMORFMIAR CRIER ORBHFEE LB~ 5.

Dt e

yo—7Ry 7 AOWMRRFEEL. BV I7ATHL, 20O, FJu—-THRyI7RE
HKED O 0 Fi L DR Bk E LT BIEMFEREFIE L BB TIE(T7 7 V%
) AR L7, BEMEETHEOSAT., SRRSO EART P 2uvE, 3R
BBBH + 7 MR by, APEREE, BBSOLATHESE L, EEERTIE
OEAE., EBHFESICHEROWMEOHEIEIHZLOO, ¥ 7 bOKTREE, BESOR
BRI S D0, AURE TIL, HEERVIEEEA L, BERBOMRFOMEZ (X
WA 572 XBER VT OEREOWEL. ~T L Ziclb bR i i sa—7 R
oI AL ML L-BETRTLIEE L, F ATV THONMELRETZITS
TEELE, B XEREEEZF—AA T A —TERUHIC THREC LT ZEE
L.
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2) R RE - :

AEBEAFBRBLTOASNE (D i, ARYEER 20puSVh LT TEHEINATEY ., F
ﬂﬁﬁ@®ﬁ§é§$_OPT%‘r%%ﬁﬁﬁﬁgﬁtﬁwjﬁgdg20ﬁwhuT
LAz L e LT, —F. LANL T3, @FEEZCROTIET S8R T 20 pSv/h T
LI LTV s, I OMERIC BV TR E AR D T EABAERICHA L, IO
¥, O E 7 AT B (1=0.8mm)E & B EEAOE BN LT AR E & JEE LT,

3) B CiADHERE

NGOV TEHORBNLEIL, Fe—T Ry 7 AOREGEELF T 0.08 vol%/h (-30mmAq
B%) LLF & L7, LANL Cid. ~n P 7o Y v 7 or—VBRMEERFO IR ¥
—HORIWRELS A~V I L) —IFF 7 F—TERML, 1 X104 Std ce/sec LT THD
& AT LNWEF;EALtmﬁHHmT&®9D—7ﬁ/71&A?//ﬁ%®ﬁﬂ
ZORAIERL. REELEEIZ LD 0.08vol%/h (-30mmAqF) LAFTHD I & ek
1.

A H—1 w7 B

AEEIC L, XBEORHKGEMETF (EHRAA »FEA) LtHEI XROFELE
Ik X g 2 EBRERVT TR LA BRELEMCBE LEaC X ROBELF
XSG AEEEDHEITBFIED 2 >DA 7 —u v 7 BEEERIT T,

5y HEZRACE
SHFE (1) NORERL—RCHIRYSH D75, BMBORENE, RTEREEZHEL

TEBERE LT, R () NEERELRUAEBOREBEREL T Fig. 421 &
1% Photo 4.2.1 {279,

6) 1 &
AL QM IBOBISHEE & Fig. 4.2.2 (FHRK) KU Fig. 4.2.3 (@) a7,

D u—7 8y 7 ANTRHBERSELIRVER D 2H, Fa—T Ry 7 ANKERSEOR
BPERR E LT, “7//7%@Eﬁﬁﬁl%®ﬁkﬁmm&LT%&&)wyﬁn
—EIO—T Ry s ARKRE L, 2B, Zu—T Ry 7 ANRERBOM T
ﬂm&mbm%ﬁﬂﬁﬂabto

@ X MOEMBBELT, APFEEOERL 25, REERCHT S X ROE@il &
e s, BER ORI, BE A HEREICKRTFT 5, 12, WEEALOX
He— Ao ST A EAE 0) E. 1 cosh DEPRERMSIEDL, oD, Y
SINF 2P — DY T b A OBEFIERCHEEALERETEC OV TR

—14 —
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L., B eAiE, IBEREYY 2ACL IBPARICEET S HEE L, &
TR Y . Fa—TBEIC L ARBREETORBERS U TV P LA RZIEELKBEETE
BT L AR UL, £, MEEAOESEREREROBENL. Y7V kA Of
EENAEERTEEHEEALTEEDOAZE (F VT IV A) 2SI Lz, MEtL
ADFFAN A b—RKICCERpoTB, $ 7N b LA LEAHOmMBRY 2175 Z &I
FOH L TINAELOEENRA LA OBEIITAD LIRS T,

@ X BE RO O LS E A ER L T L FHMOBE, fE R EEREE I S
Dﬁ%ﬂ?%éibﬁt\Etﬁmwowfﬁ\X%%@%%ﬁ&Xﬁ%?%%ﬁK%

bED 2 EICE VIBRRSHEREICITAB LI L, Ihick ) XBFEOLT - £4
HORENPHBERATAL I LB LIS

)% DA

Dro—7HRy 7 AR o— 7 OBEBHIEO D, 7o — 7 BEREICH SEEM DA
HOMLIEE, (EEFHERUEENORELBRIT L, RBESRWI L EFRR L7

DX BRETORRT VTBHELZ DA TVD Z & il LT,
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4.8 V7 b T QR OHHE
4.3.1 V7 ru=THEAHFEORE

Table 4.1 24 LRI E-S< HRED @V 7 F o= 7icB3 S8 EeH45 LANL
MR ENT, FOMES Table 4.2 1277,

Table 4.2 Qutline of HKED software specification

Items Specification
System HP Vectra 386/25 (with math coprocessor)
lcomponents 3.5 inch FD drive X2

44MB Bernoulli disks X2 (removable HD)
Ortec 919 MCA X2

[.anguage Microsoft C compiler etc.

Securily Level 1: HKED measurement only
Level 2: HKED measurement and changing measurement

parameters and passwords (authorized person only)

Menu
Measurement|Assay: Assay and data analysis (write a spectrum on
specified disk)
MC Bias: Measurement control-bias run and test of MC

bias with 95 % confidence limit

MC Precision: Test of short term measurement reproducibility

Autocycle: Repeat measurement under a fixed condition

Reference: Collect and store a reference spectrum for future
densitometry and XRF analysis when x-ray tube

is changed or after several years

Archives|List Assay Log: List up and print the assay log
' List MC Log: List up and print the MC bias and MC

precision test logs

Parameter|Default: Set printout level, specify disk to store the
assay data, set assay time

Edit Parameters: Modify all the parameters for HKED

Print Parameter: Print out the parameters

Print Change History: Print out the parameter modification log

Analyze[From Disk: Analyze recorded spectra
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4.3.2 TAEA {LHREROBEZE

IAEA 75 @ NUCEF @ HKED 234 2 B ER B, 3.3 T~<72 & 51 1992 4
3 AT R S, IEXRIEREREIL 1992 F (FRL 4 F) 12 At ahi,
ZOMABIOHBEERED FZ 7 35 IAEA R S, BWREEFLR T LANL 23
75 K77 FotETE TAEA ~DOBRFFEROBIE 21T o7z, EXOMREREOHE L
REFRM DO xG % Table 4.3 (277,

Table 4.3 Qutline of IAEA user requirement on HKED

Items Requirements remarks
(I)Application of HKED to the verification of the declared
uranium and plutonium concentrations
(2YMeasurement principle of HKED: K-adsorption edge spectro-
metry and X-ray fluorescence spectrometry
(3)Acceptance test prior to inspection use
(4)Minimum 1)Measurement capability and uncertainties [1)uncertainties
required » single component solution (1000sec. are same as
performance assay) basic specifica-
10~30g/L. <z 1.5% tion
30g/L < <t 0.5%
+ mixed solution: Measures for
U/Puratio  Overall uncertainty of Pu interfering
1-50 0.5% elements are
50 0.75% necessary
100 1%
+ Independent measurement of the presence
of any interfering elements
2)Operating requirements
» Collecting of assay data on samples, back- |2)possible
ground and normalization data
(d)Hardware 1)System components : a detecton for K-edge,|1)possible
requirements a detector for K-XRF, electronics and

power modules, and computer and printer
2)Spectra of the actual sample under

acquisition should be visible

2)possible after

assay
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DAwvailable

{6)Software DMeasurement
requirements U K-edge, Pu K-edge, U/Pu K-edge,
U/Pu ratio XRF, U K-edge+U/Pu ratio
XRF 2) necessary for
2)Supply of software to IAEA side independent
measurement
(7)Reliability and|1)System Mean Time Failure > 1 year 1)possible
Maintenance 2lnform [AEA of any module replacement|2)possible

and carry out necessary authentication

(8)Data acquisition

and Processing

1)User interface: simple and logical steps
2)Presentation of data on CRT
3)Spectra evaluation
+ Energy calibration
+ Background subtraction
+ Normalization of spectra
+ Check for the absence or presence of Am,
Pu, Th, U and Np Gf applicable)
+ A test of reproducibility of measurement
DA detailed description of algorithms,
calibration procedure, error propagation
5)COutput
a) reports for background measurements,
- normalization measurements, assay
measurements
b) All input parameters, item ID and vial
ID
¢) Results with error
d) Information about reproducibility
e) A warning in case of interfering
elements
f) Operator declaration - inspector
comparison
g) X-ray tube voltage, count rate, K-edge
position, detector resolution (FWHM),
calibration factor etc.

h)A diskette storing a copy of spectrum

and information on the above a)~g)

1Dpossible
2)possible
3)can be
evaluated
Measures for
checking
presence of

those elements

are necessary.

4),5)possible,
but measures

for 5e) and
are necessary.
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6)Software support
+ A support for inspector side when software

1s upgraded, is expected

(MAuthentication |1) Authentication can be achieved by, for|will be carried out
and Validation of] example, use of TAEA controlled softwarelby agreed proce-
result and the shipping of randomly selected|dure

samples
2) Authentication of measurement cells could
involve the random use of Agency cells, or
random check of operator's cells
(10)Calibration 1) Detail description of calibration will be carried out

procedures .
2) Verification of Solution samples used in

calibration

by agreed proce-

dure

{11)Documentation

Functional specifications
Design specifications
Operating manual, Maintenance manual

Software documentation

Calibration procedure, Inspection procedure

will be prepared

for inspector side

4.3.3 TAEA fEHEERICEI V7 by T OEE

FROABERECREINAMELHET I, HICUTORBERTMENT,

() PERENGFETOME TR TE LRI EOREBLZITRVHERTETHL I L

- S UBERAERO T R AR N O ADFEDCE

AR ABRERERDOY S, NIDLA TAYV VT ARURTY =y
LOIFIEDE
cUPULETNEFED R T A, TAY VT LARUPRTY =7 LD

TOFESH, 24 TRLELDWC. TAVYOL, P DLRUBRTY = LAOFER
Forvy LEES OB TNENRE, EXBORARZ FAEFIEL, ZDA
R MANLERBHEOC— 2 #EHE L, nEOGHEOFELRINT D,
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@) K B ORE» HbERN—AOBEL BT 5 20 L8R TR (R ALK
mbkDD) OANRVHEREDANBERES LIATLD I L,

TOAAT Table 4210 FFT A= [fEiF) OF 7L a v OPTITAD,

@) MRS (75 RE. 70 b =0 ABE) BANTE . ALMMER L Ok
NCEBT L,

T OAS R UHET Table 4.2 12T A=2—0 ) O 7 a O TITR
Do
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5. AT U v KRR R ORI E5 R U R M AR

1995 4 (LK 74F) 4 B NUCEF B THERT L0 7 @R o B2 A0
T HKED #ERMEET S k42 A/R L, LANL & HEICTREXRZ{To ., & HIIKIE
EROFBREPEMIGETHUENTZ A—FOEEEITV., RESANDLARTFA-FELEELL
V7RI TICEOREEREER L, ZOKEERE., V—F o oRE2HWTHE
SHE OHRIZ X A RMMERREZER L T 5, TICZ0BELE~3,

5.1 RERBEEY 7 Wik

HKED O IEME, 2@iChi-> TEM SN, FRIEEREIC, STACY DR ERICHE

T2 10%BEY 7 RAERELEERHES S VIIARL T, BB B EREE
(Davies & Gray (£ 101233 PIF DGiEE WS, ) XV v T REZFRL. RIERARE
7T ERE LTHWE,

DG, SADBIT——7 0 hfH Y T ABLEEETH Y, Davies & GrayVABZE L
NBL2E THRB SN FET, REBEOR VWU 7 U oke L URKFAIA TV S HiE
T D,

iz, 9SM U LD Y VEEFERPTH2Mic IV T e fliE U T A HIZEEL, B
ROk 2 fiixTY 77 6 4B E U THMBETEY LT 5, KIZ, RNT YU A4HEMA,
T uLBEAY O AEBRETHYY 7 2 6 MicB L LoOWEL, HE LD o LRE
HY T AMEREEORE VT EDUENPL YT VBEERDLIFETHD, RIEHY Z
BEEREORMNTIL, MEICHWEZZ 7 oLl ) v AREBREOBELZ, B¥ Y7 Bk
(Bl 99.99% D4R~ 7  JAERI-U4 THRR) TEELL, 2B, V7 /gEL 1R
B0 ig20mg 07 7 2B OHBHEIRE 5 BIRET S Z LI LY RO, ALY R
BT T RBEOEEREL, FHEBEZ0.11%, BARRE0IZ% THo7,

F/, WEICLDZUTBEERD 1993 E£0EEEBEE W T, FRBERUCMAREE
(452 0.10% Th 0tk 4 5 L ERBETHERO ST AENLL TRESIENBDTH S,

5.2 KEXBKUTHR
1A ORIEERE 1995 F4 Hic, AR LARIEM Y 7 AARERKZ MO TLANL &
DR TIT 0T, ZOEBR T, HKED IZ X b SREAREREIZOVWT, £nEn 33

5 1000 BIBE LT > 7. WERKRESD GBI ESERIE & bic Table 5.1 17T
E;?LZ’JS 2 cm &L (2 cm ‘{Z/l/) &():4 cm Dt (4 cm —E/[/) }:Ej:‘ %n%nﬁ@ 6 co
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B O 12 cc DIEENEAIN D, 4 em A L ARIE TIMKEBERE (112 ¢/L) i
. DOELrOErkERERES LN, —FH. 2em AT L DM 300 g/l PMxHTT
VBRI E TR, DG EBICERTHLAEVEEZRLTEY . 1% U E b DIED/A 7 20
S b, SiLi. LANL TW T L BER 50~200g/L DREE BV EBRICE Y BIES
SA-F (DR BTHA 2 OE) ORBEEToTWEZ LIGEBELTWS Z LBHAL
Mt ote., O, BRI IOREERERA B SERLAE T A -2 OFHEL
LANL TiTvs, H/8F A—F OREETT-T,

N5 A=A EFH, EoEHOKEEREL LT 199548 A~10 Ailbl o TREHRAR
RIEEIT 72, %ﬁ%%#z& Table 5.2 2R L7 X5 2 cm EAER T 4 cm E/ARIEIZ
BWTH HKED & DG EOMIZEERAA T ARRD LAY, £03%UATRV—EET
Lis, 235 A—HEEERNMEIZET 5 HKED & DG#IZ L3V 7V REMEEDOLLE Figb.]
R U Fig.5.2 {o=,

53 REMMAEEREVBER

%2 E A ORERREET LT, STACY OBRFERICH > TRR LADHEFE AT
REIMBERRE AT A FEBRORNET T/ F AR VR L, HED 2 cm BV E
RV, 1000 BT o7, A LLEIEOY 7 BER DG BICLVRELE, VI VRE
iX, 3 50~500 g/l DEE TH o7, BEMRE Fig.b3 2 DG BTROLNTBEXNT D
HKED CHRLAABEQCHTRT, ARALHALNRLIIT, THETORRTH,
HKED/DG I3 iEE+ 1%L M2 Y . HKED ORERLE LIcERETR LI,

5.4 B IEFA SR OREEMRBR

HKED it L3947 -2 OB 2k, EBEOEHMNRRENLETHY ., o, BRT
TAEA WL ABBEBIIBOTHERAMOKRERBBSLEL ShTWD, REOHEREY T
ARG B D b, RMIERRAVERICAES, o, MERSEY Z CEBERE
EACER L., ARV RERREROFESLFFMT AL E L, DCGERIZLIVR
EARELLEY S VEEERVT, WEEAOET vexF Lo fiks 2Ry VRIETY—
AL, SHhICEDEBVIELRIES 1995 £6 ANDMEL TIT>TE, TRHETIR/LN
tm%%%%Fg&4mﬁToMEH\N?%~&%E%®Mﬁ7ﬂf?#&ﬁ??7ﬁ§
A3 300 g/l OREEFAVT 2 em EAZAWTER L, BEERCELONEHFIRED
e DHE 0A%LRIZA-TRY ., ZRETODEIHH 200 HEZE LLREE B LN
TWB, UIVEKRICOVWTIE., Btk d HKED ORER+ITWHERTHL I LESR
LT3,
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Table 5.1 Calibration result of HKED using initial measure-

ment parameters

2cn cell assay time: 1000s
No. of assay: 3
Results of DG method Mean values of HKED
measurement results
(g/L) (£%) (g/L) (%) HKED/DG
52.91 0.02 53. 28 0. 48 i. 607
118.76 0.03 119. 81 0. 24 L. 007
222. 97 0.05 225. 00 0. I8 1. 609
313. 15 0. 05 318. 38 0.18 1.010
357. 31 0.12 381. 34 0.18 1.011
402. 53 0.07 408. 10 0.81 1.014
453. 93 0.04 481. 00 0. 21 1.018
"HKED/DG (mean) 1. 011 = 0.004
4 cm cell assay time: 1000s
E No. of assay! 3
Results of DG method Mean values of HKED
measurement results
(g/L) (+%) (g/L) (+%) HKED/DG
11. 86 0.17 12. 25 1. 85 1. 033
52.91 0. 42 h2.78 0. 32 0. 997
118.76 0.03 118. 81 0.21 0. 999
HKED/DG {(mean) 1010 = 0.020
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Table 5.2 Calibration results of HKED after changing

measurement parameters

2cm cell assay time: 1000s
No., of assay! 3
Results of DG method Mean values of HKED
measurement results
{g/L) (%) (g/L) {(£% HKED/DG
49. 95 0.06 50. 23 0. 49 1. 008
102. 16 0.03 102. 05 0.26 {i. 999
197. 75 0.09 197. 81 0.20 1. 001
289. 86 0.03 289. 63 0. 17 0. 999
320. 10 0.12 316.08 0.18 {. 997
398. 45 0. 02 397. 81 0. 20 (. 998
480. 56 0.02 481. 77 0.24 1. 003
HKED/DG (mean) : 1.000 £ 0.003
4 cm cell assay time: 1000s
No. of assay: 3
Results of DG method Mean values of HKED
measurement results
(g/L) (%) (g/L) (% HKED/DG
10. 42 0.10 10. 42 1. 22 L. 000
44. 95 0. 06 49. 93 0.3!1 1. 400
102. 16 0.03 101. 89 0.23 0. 997
HKED/DG (mean) : 0.999 + 0.002
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Fig. 5.1 U concentration ratios (HKED/DG) by initial measurement parameters and by

changed measurement parameters (2 cm cell)
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changed measurement parameters (4 cm cell)
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