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Lewrence Livermore Nat. Lab., USA
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Characterisalion of the High Level Wasies of
the Eurochemic Reproceasing Pland Prior to
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P, Dg Ragge, A. Boden, D.Huys, F.Lievens,

L. Vandevalds, $.C.K./C.E.N., Mol, Belgium
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IRDI/DERDCA, France

Applicationa of ICP-MS5 In the Nuclear
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R M. Brown, S, E.Long, C.J.Pickford,
AERE Harwell, UK

Spark Source Mass Spectromelric Facllity lor
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W. D. Shults, .. Landau, W. H. Christle, end
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Determination of Small Absorplions by
"Thermal Lensing" Speclromelry
N. Delorme, T. Berthoud, IRDI/DERDCA, France
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12.05h

1210~ (10}
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. by Using Cr-51 Radlonuclide v

SESSION 1k
Surface Analysis

Scanning Electron Microanalyser Examina-
tlon ol Waler Leached Glass Surfaces
M. Knight, W, Vaudrey, BNFL, UK

The Nuclear Microprobe Examination of
Radlactive Materials -

J.W. McMilian, P.M. Pollard, F. C. W. Pummery,
UK.AEA, Harwell, UK

Secondary lons Maas Spectromelry (SIMS)
Appllcations to Study the Surface of Synroc
Conlalning Simulaled High Level Radloaclive
Wasle

A.G. Solomah, KFA Jiilich, FRG

XP5 and AES Studles of the Adsorption
Behavlor of lodine at Polycrystaliine Sliver
Surfaces

H. Moers, H. Jenett, R. Kaulmann, H, Kiewe-MNebe-
nlus, G. Pfennig, H.J. Ache, KiK, FRG

Oxidatlon of Zircaloy
P. Misaelides, A. Goncalves, H, Miinzel,
Techn. Hochschule Darmstadt, FRG

POSTER SESSION I

MNew Developments in Analylical
Methods and Urantum and Plutonium
Analysls . :

Comparalive Analys!s of Radlonuclides
Actlvilies Measured In Sediment Samplas
Using Low and Medlum Energy Pholon
Spectromelers

Q. Barcl-Funel, H. Marla, J. Dalmesso and
G. Ardisson, University Nics, France

XRF Analysis of Low Z Elemenis In Vacuum

L. Atkan, A. Bassarl, Nucl. Res. Centar, Istanbul,
Turkey

£0—-98 0098N ONd



Monday, June 3, 1985

Monday, June 3, 71985

Monday, June 3, 1985
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(21) Automatic Separation of Uranium and Pluto-
alum from Nuclear Fuels
8. Brandalise, M. De Rossl, M. Wilker, L. Koch, Eu-
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Karlsruhe, FRG
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T. Adachi, K, Kammerichs, R. Molinat, L. Koch,
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Augminl Kalmal, BARG, Bombay, India
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G. C. Allen and P, A. Tempest, Barkelay, UK

(28) lsotoplc Analysis of Uranium and Plutonlum
by Thermal lonizallon Mass Spectromelry.
Performances Obtalned Through Auiomalion
of Electrolytic Deposition of Sample
C. Bergey, R. Platzer, P. Doutreluingna, H. Lafon,
C.E.A, Saclay, France

(29) The Eslimallon of Heavy Metal Concentra-
flons In FER Reprocessing Solvent Streams
by Density Measurement
M. L. Brown and D. J. Savage, UKAEA, UK

(30) Temperature and Composilion Effect on the
Yolumlc Masses of Uranium and Plutonium
Mitrle Acld Solutlong
Ph. Cauchetier, ). F. Wagner, IRDI/DERDCA
Fontenay-aux-Roses, Franca

(31) Developments in Multicolleclor Thermat lonl-
sallon Mass Specirometry
A. L Gibson, P.J. Turner, R. 8. Cohen,
V@ Isotopas Limited, UK

(32) Usan Determinallon of High Accuracy In Con-
nection with Quality Conlrol and Flaglle Mate-
rial Balancing
8.8aumann, W. Dams, Alkem, Hanau, FRG

{33) Reversed Phase Chromatographic Separa-
tlons with Trl-N-Octyl Phosphine Oxlde for
the Isotoplc and isotope Dilution Analysls of
Light Waler Reactor Nuclear Fuel Materlals
A. Delle Site, N, Doubek, R, Fledier, W, Raab,

H. Swietly, G. Bagliano, S. Deron,
IAEA, Vienng, Austrla -

{34) X-ray Speciromeltry U and Pu In Reproces-
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" J. Florestan, R. Haussard, G, le Nagard, F. Prost-
Marechal, G.E.N./Grenoble, France

(35) Experience wilh the Determination of Uranl-
um and Plutonfum In the Samples of Nuclear
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J. Krtil, V. Kuvik, Nucl. Res. Inst., Rez, CSSR

{36} Application of the Metller SR 10 Sysiem Tlira-
tor to the Measurement of Uranium
A.lddon and L. A. McGowan, BNFL, Windscala
Works, UK

{(37) Deiermination of Uranfum and Thorlum
Based on Natural Gamma Radloactivity and
X-ray Fluorescence
ilésdet L.Parus, Inst. of Nucl, Chem., Warsaw, Po-

an
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from Inhalatlon for the Perlod 1930-1982
A, Piatruszewskl, A. Baranski, J. Jaglelak, Centr.
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{39) Gamma-Spectromeiric Determination of Pu
Isotople Composition by Minlcomputer Use
J. Sdfdr, and L, Lakosi, Inst. of isotopes of the
Hungarian Academy of Sciences, Budapest,
Hungary

{40) The Effect of Anlons on Plulonium VI Spectro-
photometry

D.J. Savage, J. B.Gunn, and J.L. Drummond,
UKAEA, UK

{41) The Inorganic Solvent Extraclion Behavlor of
Some Elements Including Uranluin, Thorlum
and Plutonlum

Sezginer, Nurian, Nucl. Res. Center Istanbul,
Turkay

(42) 1sotope Rallo Determination of 2ng Size
Uranium and Plutonium Samples, Utllizing
the Resin Bead Technlgue on the Finnlgan
MAT Model 261 Mass Speciromeler
D. Tuttas, and Jorn OeBelmann,

Finnigan MAT, Bremen, FRG

{43) Fully Automatic Méasurements of Smali Uranl-
um and Gadolinlum Solution Samples Using
Thermal lonlzation MS wilh Variablie Multicol-
lection

D. Tuttas, Finnigan MAT, Bremen, FRG

(44} The Guenching Behavior of Lanthanides on
the UV Fliuorescence of LI(VI)

J. C. Veselsky and C. A, Degueldra, JAEA, Austrla

{45) Analyses of U-Pu-Zr Fuel

J. A. Krsul and R. Viltarreal,
Argonne Nat. Lab., USA

{46) isolope Ratlo Determination and Trace Impurl-
ties Analysis on Uranlum Hexafluorlde, Using
the Flnnigan MAT Model 281 Mass Speciro-
meter Syslem

G. Wagner and B. Laser, Finnigan Mat, FRG

(203) Absorptiometric Estimation of Trace Level
Cerous In TBF Loaded with Ceric
N. §. 8. Singh, §. V. Mohan, G. R. Balasubrama-
nian,Reactor Research Center Kalpakkam,
India )

{204) Plutenium Analysis In Cocktall-Phase-Soluble
Extraclants — Evaluation and Modifleation

N.S. B. Singh, A. G.Rali Ahmed, G. R, Balasubra-
:nanian. Reactor Research Center Kalpakkam,
ndia

15.06-1530h Coffee Break

1530 -17.30h Paralle! Sessions Il and IV:

Auditorlum  SESSION I0:
Automated Analysis
1530 - {47) Set of Self-Acting Programmable Devices for
15.45h Mass Spectrometric Analysls of Spent Nucle-

ar Fuels Solutions

J. Césario, P.Lohaz, G. Rétalt,
CEH Saclay, France :

15,50 -

(45) Automated Complexometrlc Tltrator for
16,05 h

. Uranium
D. D. Jackson and A. M. Hollen, Los Alamos Nat.
Lab., USA
16.10-  (48) Automated Titrallon System for Plutonlum
16.25 h Product Analysls of Reprocessing Plant
K.Onishi, I. Wachl Y. Kuno, 8. Terakado, T. Hata-
kenaka, K, Kurakata, Power Reactor and Nuel.
Fuel Development Corporation, Japan

16.30-  (50) Aulomatlc Pu Determination in (U, Pu)O; Fusi
1645 h :ﬂy a Gamma-Excltatlon X-ray Fluorescence
ethod

A. Allotti, A. Benhamou, Y, Masselot, H. Rozen-
blum, CEA/IRDI, Cadarachs, France

16.50-  (51) Aulomatic Analysls of Plulonlum and Urani-
17.05h um in a Reprocessing Piant Laboratory
A, Brutus, J. P. Muller, R. Scholl,
COGEMA, France

17.10- (52} Aulomallc Alpha and Gamma épeclrum Ana-
17.25h lysls

D. W, Adaway, UKAEA, UK

Room 238 SESSION IV:

Analysls of Conventional Impuritles and
Organic Degradation Products

15.30- {53} Experience in the Delerminalion of TBP-De-
15,45 h gradatlon Producis of Ihe PUREX Process
: L. Stieglitz, A. Becker, H. Bautz, H. Bigga,
KiK, FRG

16.50-  (54) Characterization of Organics in Nuclear
1605 h Wasles
A. P. Toste, T.R. Pahl, R. B. Myers, and
R. B. Lucke, Pacific Northwest Lab.,-
Richland, USA

16.10 ~

(55) The Delermination of Secondary Amines in
16.25h

Tertlary Amine Nuciear Fuel Reprocessing
Sireams by High Performance Liquid
Chromatography

W. C. H. Kupferschmidt, A.H. Xerr and C. N. Mur-
phy, Atamic Energy of Canada Limited, Canada

1830~  (56) Application of Inductively Coupled Piasma
16.45 h Cplleal Emission Speclromelry to Measure-
ment of tmpurlties In Uranium and Plutonlum
K. G. Macleod, R.W. Hendrie and T. Berry,

UKAEA, UK .
16.80~  (87) Sillcon Determinalion In Glass Leach Solu-
17.05h tlons by ETAAS
F. Mousty, R. Curcillo, G. Pigozzi,
J.R.C. fapra, ltaly
17.10- (58} Determination of DBP and MEP in Organic

11.25h Phase by lon Chromalography

§. G, Chen, S.J.Wanag, Inst. ol Nucl. Energy
Res., Taiwan

18.00-21.00 h Reception and‘Eulfet; Karisruhe Palace
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Auditorlum

8.30- 8.15h Inviled Leclure
Surface Analylical Relhods In Nuclear Tech-
nolegy
‘lf_h%aumganner. Techn. Universitit Miinchen,

8.20-1005h Invited Leciure L
The Analylical Chemlstry of Fasl Reactor Fuel
Reprocessing at Dounreay

C. G. Allan, Dounreay Nucl. Power Develop-
meant, UK

10.10~1040h Coffes Break

10.40-1240h Parallel Sesslons V and Vi

Audilorlum  SESSION V:
Uranium and Plutonium Analysis

1040~  {59) Specirophotometry of the Transuranic Ele-
10.55 h ments in Nuclear Fuels Reprocessing
Ph. Cauchetler, C. Guichard, J, F. Wagner,
_ IRDI/DERDCA, Fontenay-aux-Roses, France

11.00- {60} The Accuracy of the Controlled-Polential
145h Coulometrie Melhod lor the Determinallon of
Plutonlum

D. Crossigy, G. Phillips, A.E.R.E., Harwell, UK

11.20~  (61) Applicalion of High-Resolution Inductively
11.35h Coupled Plasma - Atomic Multielement Emla-
eglon Speciroscopy to the Measuremenl of U
. and Pu in Simulated Fuel Dissolver Solutions
Martin C. Edelson, Edward L. DeKailb, and
Velmer A, Fassel, Ames Lab, lowa State Universi-
ty, USA

1N.40- (62} Erparlence Geined from Modificallons of
1155 h Standerd U, Pu Solullon Analysia by Wave-
length-Dispersive X-Ray Spaclromelry
D. Ertel and W, Wellstaln, KIK, FRG

1200- (63} Isoloplc Analyses of Nanogram Size Samples
1215 h of Uranlum and Plutonlum Samples on Anton
Exchange Resin Beads wilh the Finnlgan Mat
261 Mass Spectrometer
R.Fiedier, {AEA Vienna, Austria

1220~ (64} Improvement of Aceuracy lor Uranlum and
1235 h Plutonium Isotopic Dilution in Fuel Reproces-
sing Plants input Solutions, by Use of a Four
Isotepes Splke
M. Lucas, J. Césario, C. Chevalier, J. C. Dubols,
R.Hagemann, G. Rétali, CEN Sactay, France

" Room 235 SESSION VI

In-line and Non-Destructive Analysis

1040~  (65) Nondeslruclive Measurement of the Uran-
10.55 h lum/Plutonium Ralio In Mixed Oxlde
G.W. Nelson, 8-THsue, and A. G. Gutmacher,
Los Alamos Nat.Lab., USA

11.00~  {68) Nondestructive Assay of Uranlum In tnflnlte-
11.15h ly-Thick Materlal

A. C. Hagenauer, New Brunswick Lab., USA

11.20~  (67) In-line Determinatian of Aclinides In Process
11.35h Slreams of Reprocessing Plants
F. Hoffmann, T. Holmann, N. Pilz, K, H. Lieser,
Techn. Hochschuie Dasrmstadt, FRG

11.40-  (68) Trace Delermination of Berylllum by Heavy
11.55h lon Cyclic Activation Analysls
Th. Diaco, C. Fried!l, P, Lerch, inst, d'Eiectrochi-
mie et de Radiochimie, Lausanne, Swilzerland

1200~  (69) Detection o!' U-235 in Solutlons by Neulron
1215 h Muitiplicalion Measuremenls

E. Ganler, U. Kuhnes, D, Trundt, KIK, FRG

12.20-  (70) Plutonium Process Control with an Online
1235 h Gamma Monitor for Uranlum, Plulonium,
and Americium
8. F. Marsh and 5.-T. Hsue,
Los Alamos Nat, Lab,, USA

13.30-16.00 h POSTER SESSION II:

Trace Analysls of Radlonuclides in the
Environment - Surface Analysis - General

{71) Neulron Aclivation Analysis of [-329 and 1-127
In Environmental Samples
E. Acbens, J. Hauschlild, H. Wershofen and
D. C. Aumann, University Bonn, FRG

{72} Delermination of Arsenle in Human Hair by
Destructive Neulron Activation Analysls

1. Bayal, F. Moattar and H. Kazamel, Nucl. Res.
GCenter Tehran, Iran .

{73) Delermination of Ruthenlum in Piants and
Solls

A. Huth and E, Blasius, University Saarbriicken,
FRGQ

(74) Ultrasensllive Fisslon Track Assay for Fissle
Pu and U in Small Tissue Specimen
F. W, Bruenger, J. M. Smith, A. 5. Paschoa and
R. S, Burdeit, Unlversity Sait Lake City, USA

(75) Digita) Shielding: An Electronic Approach to
Reduce Background of Scintilialion Counlers
for the Detection of Low-Level *H and “C,

Stal van Couter, Packard Instrument Comp.
USA

(76) A “State-of-the-Arl" Alr Monltoring Network
lor Environmental Radicactlvity
James 8. Eldridge and Thomas W. Oakes,
Oak Ridge Nat. Lab., USA .

{77) Analysis of Radlonuclides in House Dust
N. Green, Nat. Radiol. Protection Board, UK

(78} Traces af Artlficlal Radlonuclides In Ausirian
Aerosol Samples
E. Henrich, F, Schénhofer, Bundesministerium
fiir Gesundheit u. Umwelischutz, Vienna, Austria

(78} A New Radlochemlca! Procedure for U-Serles
" Daling ol Speleothems
C. Hurtgen, M. Gewaelt, K. Hofkang,
C.EN./S.C.K., Mol, Belgium
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(80) Measurement of Ultra Low Lave!l **Kr by Exter-
nal Gas Flow Praportional Counter

La, J.-G., Inst. of Nuc!, Sclence Nat, Tsing Hua
University, Talwan

{81) Natural and Artiliclal Radionuclides In a Sed|-
ment Core from the Southern Hamisphere
R.-D. Wilken, . Moraira, A. Rebello, Unlversidade
Catélica do Rio da Janslro, Brasil

{82) Application of Deiermination Method of Ra-.
don Concentration in Waler tor the identilica-
flon of Ground Waler on the Botiom ol a Lake
K. Horluchl, M. Kobaysh], ¥. Murakam|, Kitasato
Unlversity, Japan

{83} The Common Determination of Uncommon
Elemenis in Groundwater {Nitraie, Nitrite, Eh,
Suilide, Oxygen, and Detergent)

A.E. Ogard, M. Cisneros, A, Mitchall, and P. Wa-
nek, Los Atamoa Nal. Lab,, USA

(84) The Appitcation of Nuclear Treck Method lo
Determine the Plulonium Concentralion in
Sea Environmental Semples
8. Portakal, R. Fukal, S. Ballestra,
Mucl. Res, Center Istanbul, Turkey

{65) Low Level Environmental Gamma-Ray
Speclrometry at EML

G. G. Sanderson, U, S, Dapariment of Energy,
New York, USA

{86) Tri-Lauryl Amine (TLA) as an Exiracling
Agent for the Quantliative Delermination of U,
Th and Pu In Blologlcal and Environmenial
Samples
N, P. Singh and E.W. McDonald, University of
Salt Lake City, USA

(87} A Direct Method for the Determination of Fem-
tamole 2°Pu in Natural Aqualic Solutlon
W, Schelbner and J. I. Kim, TU Miinchen, FRG

(88) Delermination of $r-90 In Soll, Plants and
Milk - Eight Years Experlence in en Environ-
mental Monitoring Program for German
Nuclear Instaliallons

R.-D. Witken and R. Dieht, GKSS Res. Center,
Geesthachl, FRG

(88) Development of Methods for the Molybdenum
Sotar Neulrino Experlment
K. Wallsberg, N.C, Schroeder, D, B. Gurtis,
P.1.. Wanek, D.J.Rokop, C. M. Miller, J. H. Cap-
pls, E. A, Bryant, @. A. Cowan, and W. C, Haxton,
L.os Alamos Nat, Lab., USA

(90} Temperature Effects on Zlrcaloy-4 Surfaces

H.Jenell, R. Kauimann, H, Kiewe-Nebenius,
H. Moers, G. Pfennig. H.J. Ache, KIK, FRG

{91} Surface Analysis with the RSV Glow Dischar-
ge Lamp and the RSY Analymat 2500 :
H. Ritzi, ASV-PrazisionsmeRgarite, Sesfeld, FRG

{392) Release of Tritlum from B.C

K. Schnarr, H. Miinzal, Techn. Hochschuls
Darmstadt, FRG

{93} Diflusion of Uranium Flssion Products and
Radioaclive Corroslon Products Through Con-
crele Surfaces )

A. Kailtenhduser, R. Glinther, Battelle-inst.
Frankfunt, FRG

(94) Physlco-Chemical Bases of Ytirium —
Lanthanides — Actinldes Separalions
8. Sieklerskl, T.J. M. Alzuhairi, and L. Fuks,
Inst. of Nuetl, Chem. Warsaw, Poland

(85) Determinatlon of Deuterlum Concenirallon In
Purex Process Solutlons
H. Feuersiein, KIK, FAG

{96) Analysis of irradiated Fuel from Power
Reaclors

Gaucher, Phllippe, GEN Cadarachs, France

(87) Wrsachen flir Z4hiratenschwankungen bel
Low-Level a- und S8-Messungen
E.W. Haas, Krattwerk Union Erlangen, FRG

{98} Posltron Annlhilalion Spectroscopy in .
Chemical Analysis (PASCA)
K.L.Cheng and Y. C, Jean,

Universily Kangas-City, USA

(99} X-Ray Fluoreseence Determination of Rare
Earlhs — A Slmple and Novel Approach lo
Deal with the Problem of Spectral overlap
A. M. Agrawal and S. K. Kapoor, BARC Bombay,
india

{100) Conceplua! Deslgn of the Analytical Laborato-
ry of the German Reprocessing Plant WA-350
H. Klevar, E. Schulies, R. Berg, U. Schaarschmidt,
DWK Hannover, FRG

{101) Converslon of Radioaclive Sodlum Removed
from LMFBR Reactor Components lo a
Disposahle Scolid Waste
J. R. Krsul and R. A. Washburn,

Argonng Nat. Lab., USA

(102} Determination of Radiostronllum in Graphite
Dust from High Temperalure Reaclor AVR
G. Kuppers and G. Erdtmann, KFA Jilich, FRG

{103) Chemical Analysls Developments for Fuslon
Materlals Studies
D. L. Baldwin, R.F. Keough and J. J. McCown,
Wastinghouse Hanford, Richland, USA -

{(104) Borehole Sonde Using Neutron Caplure
Technlque
A. Zaghioul, M. B, Rofall, N.F, Soliman, A.M. Has-
san, B. Rizk, A. El-Kady and A. Z. Husseln,
Reactor & Neutron Phys., Cairo, Egypt

(105} The Analyllcat Chemlatry of a WAK-Reproces-
sing Campaign ]
D. Beder, R. Berg, J. Berndt, U, Schaarschmidt,
B. Stojanik, WAK, FRG

(1068) Corroston Product Analysis in Harwells Dlds
Water Loop

J Monshan, AERE, Harwell, UK

(107} Heuristic Melhod for the Recognilion of
Fiaslle Systems Subcrilicalily State
T.S. Zdltowski, Inst. of Nucl. Chem. Warsaw,
Poland
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{108} Chemlcal Varlatlons In the §°- Decay Half -
Life for Low Energy Transllions

M, R. Harston, N. C. Pyper and A, G, Maddock,
Universily Cambridga, UK

(205) Simple Production of "As from Reaclor
Irradialed Germanlum Oxlde
A.R. Byne, J. Stefan inst,, Ljubijana, Yugoslavla

15001530k Colfee Break

1530-17.30 h Parallel Sesslon VI and VIII:

| Audltorlum  SESSION VIE
| In-line and Nondestructive Analysis
1 {continued)

15.30 -

1545 h

16.50 -
16.05 h

16,10 ~
16.25h

16.30 -
16.45h

16.50 -
17.05h

{109) Rapld Tolal and Dissolved Uranlum Analysis

In the Whole Nuclear Fusl Cycle

N.N.Papadopoulos, Nucl. Res. Center Athens,
Greece

(130} Vollammetry as a Polenttal Technlque for
In-Line Measuremenils in Support of Nuclear
Fuel Reprocessing
D. C. J. Skea, K.Burgoyne & D. W, Adaway,
UKAEA, UK

{111) Development of a K-Edge Densltometer for
the On-Line Measurement of U and Pu In the
DNPDE Reprocessing Plant
I. Russen, B. L, Taylorand J. Farren,

AERE Harwell, UK

{112} Determination of Uranlum and/or Plutonium
Exclted by 192 Iridlum Sealed Sources Using
X-Ray Fluorescence Analysls
P. Martinelli, C. Tetlechea, J. C. Tanguy, G, Gous-
seau, CEN Saclay, France

{113) Development ol K-Absorplion Edge Densiio-
meter for In-Line Monitor of Pu and U
M. Yamamoto, S. Hayashl and Y. Wada,
Power Reactor and Nucl. Fuel Development
Corporation, Japan

(114) Determination of the Pu/Pu+U Ratlo in the
MOX Powder by Energy-Dispersive X-Ray
Fluorescence Analysis
N. Tsujl, H. Nagaki, Y. Maruishi and T. Suzuki,
Power Reactor and Nuc). Fuel Development
Corporatlon, Japan

17.10 -
17.25

Room 236 SESSION VIl:

New Developments In Analylical Me-
thods (continued)

1530~ (115) The Separation and Measurement ol the
1545h Flsslon Products Gadollnlum and Samarlum
in FBR Nuclear Fuel Reprocessing

B.McAlian and W. I. Hamllton, UKAEA, UK

1550~ (116) The Use ol Spectrophotometry in FBR Repro-
1605 h cessing Analysls

M. L. Brown, C. Mills & T.W. Kyffin, UKAEA, UK

16,10~ (117) Determinalion of Burnup and Analysls of New
16.25h Fuels by Modern Liquid Chromatography
A. M. Cassidy, C. H. Knight, B, M. Recoskie; S. El-
chuk, B.W. Hildebrandt, and L, W, Green,
Atomic Energy of Canada Lid., Canada

16.30- (118) Applications of Laser lonisation Mass Analy-
16.45h sis In Conjunclion with Analylical Scanning
Electron Microscopy and Elektron Probe
Microanalysis in Nuclear Malerlals Research,
Development and Quality Assurance .
N, 8, Clarke, J.C.Ruckman, A, R. Davey, AWRE
Aldermaston, UK

1650~ (118) Resonance tonlzallon Mass Spectrometry for
17.05h Isotoplc Analysis of Uranlum and Plutonlum

D. L. Donohus, D.H. Smilh, and J. P. Young, Oak
Ridge Nat. Lab.. USA

(120) Burnup Measurement of FBR Fuels Using a
Shleided lon Microprobe Analyzer {SIMA)
K. Kono, Y. Enokide and T. Itaki,
Power Reactor and Nuciear Fual Development
Corporation, Japan

17.30 -
17.285h

Auditorium

830~ 8.15h Inviled Leciure
Accounling Uranlum and Plutonlum In Mo-
dern Light Water Reaclor Reprocessing. Re-
cent Aspects and Future Orlentation {from the
Polnt of View of Analylical Methods, Samp-
ling and Mass Balance Calculatlons
M. P. Patigny,
Usine Cogéma de la Hague, France

920-1005h Invited Lecture
New Developments in Analytical Atomic
Spectroscopy and lhelr Projecled impact in
Nuclear Technology
V. A, Faasal, Amas Lab,, lowa State University,
UsA

10.10-10.40h Colfes Break

1040-~1240 h Parallel Sesslons 1X and X

SESSION IX:

Specifications, Quallly Control and
Standards

Audlforlum

1040~ (121) Plutonium Determination tor Quality Assur-
10.55 h ance Durlng the Fabrication of Mixed Oxld Fu-
el Elements
W. Dams, K. Gruber. ALKEM, Hanau, FRG

11.00- (122) Characlerlzation ol Mlnor Uranlum Isotope
11.15h Abundances
K.J.R.Rosman, W. Lycke, R. Damen, R. Werz,
P. De Bidvre, Commission of tha Europ.
Communities, Gesl, Belgium
11.20- (123) Production and Ceriltication of Relerence
11.35h Malerlals in the Nuclear Fleld
C. Houln, IFlDl Fontenay-aux-Roses, France
11.40- ({124} Preparallon. Characterlzallon and Certifica-
11.55h tlon of & 2*Uranium !sotope Abundance Refe-

rence Malerlal for Gamma Speclrometry

P. De Bidvre, K. L. Eschbach, A. Lesser, H. Meyer,
J.van Audenhove, B. 8. Carpenter, Commission
of the Europ. Communities, Geel, Belgium
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12.00- {125) Preparalion ol Synthelle Uranium Isolope Mix-
1215 h tures lo Serve as g Basls for the Cerllficalion
of Uranium Isolopic Reference Malarlals
W, Lycke, F. Hendrickx, R. Werz, R. Damen,
P. Da Blévre, Commission of the Europ. Cammu-
nitles, Geel, Bslgium

12.20- (126) Preparation of Standsrds of Uranlum and
1235 h Zirconium for Nuclear Programme
C.S.P.lyer, BARC Bombay, India -

Room 236 SESSION X

Mew Developments in Analytical Me-
thods (continued)

10.40- {127) Shielded Facllities for Complete Characteriza-
10.55h tten and Analysis of Highly Radloactive
Malerials
J. L. Dantel, D. 8. Goldman, Pacllic Northwest
Lab., Richiand, USA

1100~ (128} Determination of Surface Deposits with a
1115 h Heating Technlque

H. R. von Gunten, t), Krhenbiihl, J. Sbrensen
and F. Wegmulier, University Bern, Switzerland

11.20- (129) *'Am Delermination in Nuclear Fuels
11.35h J. Souza Sarkis, 1<, Kammarichs, R. Wellum,
L. Kach, Eurap. tnst. for Transuranium
Elements Karlsruhe, FRG

11.40-  {130) Measurement and Behavlour of Technetium
11.55h in Fast Reactor Fuel Reprocessing

C.Ferguson &7, W, Kyffin, UKAEA, UK

1200- (131} The Analysls ol Radloactive Samples by
1215h Atomic Absorption Spectrophotometry
P. M. Poliard, &, W.MeMiltan, T: McGullough,
J. L Bowen andJ P Arthur, ARRE, Harweli, UK

12.20- {132) Semlccmduclur Diode Laser Speclroscopy for
1235 h Trace and Isolopic Analysls -
* V.B. Kartha, V. A:Job, K, 8, Thakur, V. R. Rose

iMil;y and C.8. Somanathan. BARC Bombay,
ndla

13,30 -16.00 h POSTER SESSION I

Automated Analysls — Speciticallons,
Qualily Conirol and Standards — n-line
and Non-destructive Analysis, Analysls
of Conventlonal Impurties and Organic
Degradation Products L

{133) The Evaluation and Application of Oscillating
U-Tube Density Meters as In-line Concentra-
lion Monltors in Nuclear Fuel Repracessing
K., Sarstedt, D.C. J. Skea. D, W. Adaway,
UKAEA, UK .

(134} Meutron Measurements al a Dissolver of a
Aeprocassing Piand
H.«[. Backer, H. Wiirz, WAK, FRG

{135) Radiochemlcal Analysls of the Primeary
Coolanl of WWER Type Reaclors
J. Bogangcs, J. Schunk, P. Tilky, N. Vajda,
J. Solymasl, P. Zagyvai, Techn. Unlversily Buda-
pest, Hungary

{136) Radloactive Testing of & Liquld-Fed,
Joule-Heated Ceramic Meller
A.W. Goles, P. ). Hof Jr,, R. D. Dierks,
bSK Holton, Pacliic Nonhwest Lab., Richiand,
A

(137} Automaled Quantitative Analysls ol Mulll
Partlcle Systems by Scanning Electron
Microscopy and X-Ray Microanatysls
0. Petzold!, A, Huber, F. Baumgadrtner,
Techn. University Minchen, FRG

{138) A Fully Automated Separalion of Uranlum
and Plutonium from Fisslon Products Prior o
the Mass Spectrometrie Isolopic Dilulion
Reprocessing input Analysls,

K-H. Henn, P. Slelnkuhle, R. Berg, WAK FRG

(139} ‘Application of Inducl]vely Coupled Plasma
‘Speciromelry to On-line Process Control in
a Uranlum Receovery Facility o
M. W. Urie, W. A, Young, D. A. McLemore and
. C. Schoentg, General Electric Company, USA

(140) Proton Induced X-Ray Emission In the
Elemenial Anelysis of Breasl Cyst Fluld
D. M. Albury and N. M, Spyrou, Universlly of
Surray, UK

{141) Solute tnventory In Puised Columns Through
In-line Analysls of Feed and Effluenl Streams
In Short Time {ntervals
A.F.Cermak, General Eleciric Company, USA

(142) An Cptical-Flbre-Laser-Photomeler for In-itng
Measurements In the Purex Process
P. Groll, J. Rdmer, M. Persohn, B, Schuler,
KiK, FRG

(143) A Non-Dispersive Inlrared Analyser lor
Analysls of Hf In Uranlum Hexalivorlde
V. B. Kartha, N, D. Pate), 5. Venkateswaran,
P. K, 5. Prakasa Rao and S.V. G. Ravindranath,
BARC Bombay, india

(144} Geometrlcal Factor In Absolute Measure-
menis Using Prompt Gamma-Ray Actlvation
Analysis
Y. 8. Khrbish and N. M. Spyrou, University of
Surray, UK

{145} Neutron Transmission Tomography and
Neulron Induced Gamma-Ray Emlission
Tomography
Kusminarto and N, M. Spyrou, University
of Surray, LK

(146) The Feaslblilly of Using Iridium-192 lor the
On-line Measurement of U and Pu Concentra-
tlons by K-XRF
8. Metcalls, . C. J. Skea, K. J. Sarstedt, AERE,
Harweli UK .

(147) Accurale 25U Abundance Delermlnallon of
U0; Pellet Assemblies by Ganima Spectrome-
try with the Use of EC Nuclear Relerence
Material 171 for Calibrallons -~
H. Meyer, W. Nagel, Commisslon of the Europ.
Communities, Geel, Belgium
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{148) Use of In-line Monliors in an Indusirlal
Uranium Extraction Cycle
H.J. Becker, H. Belzig, E. Galfort, P. Groll,
W.Herberl, K. R. Schuiz .
Dornier Syslem Friedrichshafen, FRG

(148) In-line Analyses ol Liquid Alkall Melals - Esll-
matlons of Oxygen and Carbon

H. U. Borgsted!, P.G. Gadd and V. Ganasan,
KiK, FRG

{150) Quality Conlrol of Tc-99m Produced by
Sublimatlon
L. Zsinka, A. Bodc, F. Keoskés, J. Guba,
Hungarian Academy of Sciences, Hungary

{151) Synethetic Standards from Powder Mixtures
for X-Ray Spectrometric Analysis of SYNROC
B

C. Freiburg, W. Relchert and A. G.Solomah,
KFA Jiilich, FRG

{152) Determination of Uranlum Content and
impurilies in U,Sl,-Based Disperslon Fuels
with Low Enriched Uranlum {LEU) In
Research and Test Reaclors
T. Gérgenyl and H. Franz,

NUKEM GmbH Hanau, FRG

{153) Radlonucildes for Investigallons of Rare
Nuclear Decays
S. Kauci¢, A. Ljublclé, K. Hakovac and . Zlimen,
Ruder Boskovit Inst,, Zagrab, Jugosiavia

{154) A Crltlcal Examinalion of the Precise
Determination of Neptunlum

0. Cromboom, H. Kutter, Gommission of
the Europ. Communities, Karlsruhe, FRG

{155) Automatlic Pu Determination in (U, Pu) O, by
Chemical Means
A, Benhamou, Y. Masselot, CEN Cadarache,’
France

(156) Experlence with Plutonium Dloxide Relerence
Material at BNFL Sellaflald
A, lddon, . R. McGowan, C. N. Ramsden,
W.J, Read, BNFL, UK

(157} Destruetive Tests of Nuclear Fuels for
Cerlitication Purposes
G. Pauwals, F.B.F.C., Belgium

(158} Evaluation of Impregnated Charcoal for
Trapping Radiolodine: The K-Value Tast
C. G. Taylor and J. G. Gritfiths, The Polytechnig,
Liverpool, U. K,

{159) Some Aspects of the Quatily Control and of
{he Performance of the Quallly Control in the
Analylical Laboratory of a Reprocessing Pianl
B. Stojanik, £. Kugele, WAK, FRG

{160} The Use of Atomlc Spectrometry for the Pro-
duct Contral In the WAK-Reprocessing Plant
8. Stojanik, L.Hérner, K. D. Karnowski,
M. Walkenhorst, WAK, FRG

(161} Instrumental Aclivallon Analysis of
Contamination in Uranlum by Charged Partle-
les Aclivation ’

Z. B, Alfassi and C. 8. Erasmus, Ben Gurion
Unlversity, Israal

(162) Gas-Chromalograpble investigation of
Radlolysis Gas Formallon in High-Level Re-
processing Waste Solullons
B.-G. Brodda, K. Hein, KFA Jiitich, FRG

(163) Culorlrnelrlc Determinalion of Boron in
Nuclear-Grade Uranlum Oxldes
K.A, Betty and G. T. Day, Eldorsdo Resources
Limited, Ottawa, Canada

{164} The Localion and Quantificalion of Oll Leaks
inte Gas Cooled Reaclors i
A. N. Fresdman, Central Electriclty Res. Lab., UK

(1685} Experiments for éDTA-Deiermlna!lon In
Medium Level Waste (MLW) Solullons
W. Konig, E. Mainka, and S. Wels, KFK, FRG

{168) Qualitative and Quantliative Analysls of
impurliies of Some Commerclal TBPa
R. Massol, B. Mariet, R. Virelizier, SEA~CENG,
QGrenoble, France

{167} The Analysls of Elemental Impurities in
Uranlum by Neutron Aclivation Analysls
R.J. Rosenberg. A.Forsbacka, N. Gras and
R. Ziillacus, Techn. Res, Center of Finfand,
Finlangd- .

(168) Chemical and Radlochemlca: Analytical
Melhods for the Investigalion of Radlcaciive
Corroslon Products :

R. Sendelbeck, E. Schustar, Kraltwerk Union AG
Erlangen, FRG

(169) Devefopment of Quallly Tesis for the Purex
Solvent

A. Becker, L. Stieglitz, H. Bautz, KiK, FRG

{170) Simultaneous Applications of NAA and ol
Electrochemical Methods on the Investiga-
tions of Valve Metals in Presence of Pu
G. Marx, A. Bestanpourl, W, Erben, D. Wegen,
Free University of Berlin, FRG

(208) Some Aspecls of Electrochemlcal Quallty
. Gonlrol in Reactor Technology
A. Ahmaed, S. A. Chaudhrl, |. H. Qureshi, Pakistan
Inst. of Nuciear Science and Tachnology, Paki-
stan

(207) Detecllon of FEW Aclinide Atoms o Measure
}'he a-Decay of the Elemenls of Z = 105 To
09
M. Hussonnals, Laboratoire de Fladtochlmle CQr-
say Cedex, France

{208) The Activity Concenlrations of Arillicial Radlo-
nuclldes In the Waler Column of the North
Easl Allantic
H. Nies, Deulsches 'Hydrographisches institut,
Hamburyg, FHG

15.00-1530h Coffee Break
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Wednesday, June 5, 1985

Wednesday, June 5, 1985

Thursday, June 6, 1985

15.30-17.60 h Paralle! Sesslon Xl and X1I:

SESSION X1

Trace Analysis of Radicnuclides In the
Environment

Audllorium

1330~ {171} Neptunlum-237 Delerminallon by Neulron
1545 h Aclivation with a Perchemical Separation,
Applicatians to the Analysis of Radioactive
Effluents, Sea Water and Nuclear Fuel Zircal-
loy Sheaths
S. May, G. Pinte, CEN Saclay, France

1550 - (172} Trace Analysis of Radionuclides by Liguld
16805 h Scintlilation Counting
F. Schdnhofer, E. Henrlgh, Bundesminlsterium .
Gegundheit u. Umwelt, Vlenna, Austria

18,10~ (173} Detectlon of Trace Amounts of Plulonium
16.25h by Laser Resonant-lonization Mass-Spectro-
metry
H. Rimka, P. Peuser, P, Sattelberger,
G. Herrmann, N, Trautmann, W. Ruster, F. Ames,
U.Krénert, J. Boan, H.-J. Kluge, E.-W, Otten,
University Mainz, FRG

16.30- (174} Recent Advances In Environmental Radioche-
1645 h mical Analysla
R.S. Grieve and T. H. Bates, BNFL, UK

16.50- (175} Sludy of Cadmlum In Bady Organ by M Vivo
17.05 h Prompt Gamma Activation Analysls Using
Moblle Nuclear Reaclor
Ch. Chung, Nat. Tsing Hua Unlversity, Taiwan

17,10- (178} Radlochemical Delerminatlon of Sr-80 and
17.25h Sr-898 In Soll
K.Juznic and S. Feding, Jozef Stelan Inst.,, .
Ljubijana, Yugoslavia

17.30- {177) Automated Radlochemical Processor for the
1745 h Group Separalion of the Primary Coolani of
WWER Type Reactors
L. G. Nagy, L Szabd, T, Pintér, M. Vodicska,
L. Corogl, University Budapoest, Hungary

Room 236 SESSION XIt:

New Developments in Analylicat
Methods {continued)

1630~ (178} Development of Remotely Operated Optical
1545 h Emisslon Spectromeler )
M. Yamamoto, 8. Hayashi, ¥. Wada and T. Sono-
be, Power Reactor and Nucl. Fuel Development
Corporation Tokal-Mura, Japan

1650~ (178} Slripping Voltammetric Assay of Extramely
16.05 h Low Technetlum Concentratlons in Solutlons
Rich in Chlorldes aller Reaction of Perlechne-
late with Thiocyansle
M. Friedrich and M. Ruf, KiK, FRG

1610~ (180} A Laser-Induced Photoacouslic Speciroscopy
16.25h (LPAS) for the Speclation of Trace Actinides
in Solutlon
R. Stumpe and J. . Kim, Techn, University
Milnchen, FAG

16,30~ {181} Development of Gas Chromatographlc
18.45h Delerminalion of Nitrogen In MOX Fuel
T. Takahashi, T, Hiyama, 8. Masuda, Power
Reactor and Nucl. Fuel Development Corpora-
tion Tokal-Mura, Japan

16.50- (182) Distrlbution of Fisslon Producls In EBR-II
17.05h " Reaclors Systems
" A. Villarraal and J. Q. Young,
Argonne Nat, Lab,, USA

17.10- {183) Determination of Tc-88 In Purex-Pracess
17.25h Solutlons '
U. Schaarschmidt, R. Berg, B. Schreck, WAK,
FAG

17,30~ (184) Analysis of Flsslon Gas and Sofld Fisslon
17.45h Producl Radial Distribulion In LWR-Fuel
R].Winz, M. Eflinger,
Kraftwerk Union Karlstein, FRG

12.50 - {209} Determinalion of U In gadolinia polsoned
18.05 h UO,-pellels of high gadolinia content
H.-J, v. Wachlandonk, R. Baumann, H, Hagel,
Reaktor Brennelement Union, Hanau, FRG

Auditorlum

8.30- 8.15h Invited Lecture
Saleguards Verlfication by Chemical Analy-
ses. Practical Aspects and Implications with
Aspect o Analylical Quallty Control In
Nuclear Technology :
S. Deron, IAEA Vienna, Auatria

9.20-1250h Parallel Sessions Xl and XIV

Auditorflum  SESSION Xt

Uranlum and Plutonlum Analysis
(continued)

8.20- (185) A Laser Fluorometer lor Uranlum Deter-
9,35 h mination

S, Schoof, E.Helimund, E. Mainka, KK, FRG

9.40- (186} Laser Induced 5peclrollu6romatry of
9.55h Urantum
P. Mauchien, .
SEA/SEACC Fontenay-aux-Roses, France

10.00-  (187) The Delermination of Uranium in Minerals
10.15h by Laser Fluorimetry

J. C. Veselsky, B. Kwiecinska, E. Wehrstein,
0. Suschny, IAEA Vienna, Austria

10.20-1050h Cofiee Break

10.50- (188) Application of HPLC to Solvent Analysls In a
11.05h Reprocessing Plant X

. P. Muller, P, Doutreluingne, Cogema, Frange

11,18~ (189) Uranlum and Plutonium Analysis Develop-
11.26h menls at the Whiteshell Nuclear Research
Eslablishment
C. N. Murphy and W, C. H. Kuplerschmidh,
Alomic Energy of Canada Limlted, Canada

11.30—  (180) Uranium and Plutonlum Determinations for
11.45h Evaluation ol High Burnup Fuel Performance
R.R. Helnrich, D. L. Bowers, R.J. Popek, and
E.L. Callls, Arganne Nat. Lab., USA

£0-98 0098N ONg



Thursday, June 8, 1985

Thursday, June 6, 1985

1450~ (191} Further Development of the Cerie Oxidation,
12.05h Ferrous Reductlon, Dichromate Titration
Method for Plutonium Determination
A.Mac Donald & D. J. Savage, UKAEA, UK

1210 (192) Characterisallon of High Level Waste
1225 h Concentrales
R, Berg, U, Schaarachmldt, J. Berndt, 8. Stojanik
WAK, FRG

12.30-  (193) An On-line Analyzer lor Monkaring Uranlum
1245 h and Technetlum in the Vent Stacks of a
Gaseous Dlffuslon Piant
M. R. Powell, D, A, Branam, and . W. Morrow,
Oak Rldge, USA,

Room 2_38 SESSION XIv:

Developments in Analytical Methods
{continued)

9.20- {194) Experlences with the AppHcatlon of Mobfle
935h y-Spectrometry Equipment in Swilzerland
G. Garlich, M. Riithl, E, Schenker, Fadaral inst.
for Reactor Research, Wiirenlingen, Switzerland

840~ (195) Quantilative Determinatlon of Radionuclides
9.55h Deposlted on Surfaces, afler Extraction and
Recover, by Attapulgite, a Colloldal Reagenl
A, Balllors, A. Lo Morg, G. Panciaticl,
University Pisa, Italy

10.00- (1968) QOptimisallon of Reprocessing Plant Process
10.15h Conlrol Analyses
J. Berndl, B. Stofanlk, U. Schaarschmidt,
WAK, FRG

10.20-1050h Cofles Break

10.50~ (197} How to Simplity the Analylles for Input-Out-
11.05h put Accountabllity Measuremenis In a Rapro-
cessing Planl

H. Otimar, H. Eberle, P, Matussek, |, Michel-
Plper, KIK, FRG

11.10-  (198) Analyals ol Radioaciive Ligulds by ICP

1.26 h A. Odoj, E. Merz, G.Kerber, KFA Jiitich, FRG

1130~ (188} The Chemical Analysls of Copper, Nickel and
1145h Molybdenum In Nuclear Reaclor Vessel Slate
L. E. Vandevelds, {. Gueorgulev, T. Ryman,
P.Van Asbroeck, F.Llevens,
§.C.K./C. E.N., Mol, Belgium

11.50-  (200) Short Time Neultron Activelion Analysls of
1205k Flssile Materlals
F.Grass, J. O, Schmidt, G, P, Westphal, T. Kasa,
Riso Nat. Lab, Roskiide, Denmark

12.10~ {20%) The Characterizallon of Uranlum Dloxide
1225 h Powders

V. Verdingh, A, Mlchigls, F. Hendrickx, Commig-

sion of the Europ. Communities, Geel, Beiglum

1230- (202) Interelemental Etecis In Delay Neulron
1245 h Counling tor U and Th Analysis

A.Tugsavul, Nucl, Res. Center Istanbul, Turkey

16.00h Excursion to Palatinate
Dinner at Hambach Castle

£0—98 0098N ON4
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A-AT Iy VBABRTRCHITSEEMOE LALEROER (N 1)
P. De Regge, R. Boden, D. Huys, F. Lievens, L. Vandeveide
( Studiecentrum vor Kernenergie, S.C.K./C.E.N., MOL.)

FRTR2—0F 3y 27 THEO 5 ¥ 7 hOEBHEOEMERR (LEWC) OAFicEd 3Tk 2
DRERIDVTiENE, COBOREFHCH L THESATORWGRESESH H 205, S8 o
B EnORTFHRERER Ui, MrREE L ESREFORE DD » o BFREBLY
RAEAFICLDONa, Mg, AL, Cr, Mn, Fe, Zn, Ni, Sr, Mo, Ag, Ba Z LT Hg#4MWr &
Niz, BRAMTTIEA 4 ¥ SOT, F-, NOx 2 LCPO; D& hice — IO TR |
Mo, Ru, Cs, Ce #L TNJd ZEIMNEFIREESFETHIT S i,

@, B& L Tr iRt OREc 3 BB EENTHEER V. § Y /it -TWw3U, Pu
KOWTRENAHRERERSTERIC K - THF L7

§ YIPDRERR 7 v ¥ OO R L -ERRE OB ERE, MASUNEHELD
MHRENnsREs VI POERORE OB, ST 247 4 ¥ A ORI & BE 138
DERRHGOHEOBE LS iz, DRIO2— o4 3 v o/ THCRLEHEEEEE B VTV
DT, B (LEWC) FD T =9 L3 LEAE 4~ v 554, ChaERA LTRELK
SEAERMOKEHRELY v /hD Pz = L%RD B,

Y VIHOBEBRDGTNTDA A AARSHESH, 414 787 YREFShi
FEHE) LAY TOLHEBR, ANE—-DELMLCHES.C.K/C.E.N KHM LK RHE

D P.De Regge R SAM®D L —4 — b (Nuclear Chemistny 854204210, PDR,/
1d1/720) 2AFL, 20hOMMrERRELTICRAT 3, (F1HE)
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TABLE I

Free acid H'
Na
Fe
Mn
Cr
Al
Hg
Zn
Ni
Mo

Zr
Mg
Ag
Ba
Sr
S0,——

NOs—
POy ———

Pu
Ru
Nd
Cs
Ce

Concentrations measured in the Low Enriched Waste

Concentrates at Eurochemic

All data are given in gram per liter.

Method Tank 253-Ia Tank 253-1Ib
2.756 * 0.005 1.581 * 0.012
AAS 36 o+ 2 40.5 £ 2
AAS 13.3 £ 0.7 13 £ 0.7
AAS 2.05 * 0.10 427 % 0.21
AAS 0.55 + 0.03 2.09 + 0.10
AAS 8.25 + 0.4 5.40 £ 0.25°
AAS 0.43 + 0,02 0.19 + 0.01
AAS 0.24 % 0.02 0.14 * 0.01
AAS 1.29 + 0.06 3.69 £ 0.18
AAS 1.42 * 0.07 0.95 * 0.05.
IDMS 1.05 0.943 £ 0.05
OES <1 < 0,2
OES <1 <1
OES <1 < 0.2
OES < 1 0.2
OES < 1 0.43 £ 0.08
(BaS04) 8.1 + 0. 5+ 0.3
(Electrode) 10.2 t 0.5 8.3 * 0.4
(Spectrophot) 274 +27 285 + 28
(Spectrophot) < 0.012 0.030 + 0.005
IDMS 0.900 * 0.010 0.963 + 0.010
1DMS 0.0398 + 0.0005 0.0549% 0.0007
IDMS 1.06 £ 0.10 1.256 + 0.06
IDMS 2.11 + 0.06 2.46 + 0,08
IDMS 1.213 + 0.03 1.33 + 0.03
IDMS 1.354 + 0.03 1.595 = 0.04
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TABLE III Radiochemical Measurements

Results expressed in Bq/liter

Tank 253-Ia Tank 253-Ib
(6 MAR 80) (15 May 80)
Alpha emitting isotopes
Z38py 5.1 % 10° 7.1 x 10°
239%py, 6.7 x 107 1.07 x 10°
240py 5.9 x 107 9.9 x 107
2hlpy 8.55 x 10° 1.24 x 10%°
243 Am 4.3 x 107 -
2420m 1.28 x 10° 2.08 x 108
2hlon 4.05 x 10° 6.54 x 10°
Beta emitting isotopes
Total 4.0 x 102 4.6 x 10%2
Gamma emitting isotopes
137¢s 1.45 x 1012 1.42 x 10%2
1380g 5.92 x 10*° 7.35 x 101°
18%py 3.26 x 1019 4,32 x 10%°
106pu 1.63 x 10%° 2,16 x 10*°
htce 8.10 x 10° 1.18 x 10'°




PNC N8600 86—03

TABLE IV Measurement Performed on the Residue
in Tank 253-Ib

Gamma emitting
isotopes Bq/g

137¢g 5.4 x 10°%
125g 4.9 x 108
108py 3.7 x 107

Elemental Composition relative to Zirconium

Zy 1.00 Al 0.01
Si 0.40 Sr 0.01
Mn 0.05 Pd < 0,01
Cr 0.05 Rh < 0,01
B 0.05 Tl < 0.01
S5n 0.03 Te < 0,05
Ca 0.03 P 0.003
Mo 0.02 Man - 0.002
Fe 0.01 Cu 0.002
Cr 0.0003
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CEA 73 FR7FA—ECHIBZEHEDOL —HF—XRY bOXIEL—434 (N, 2)
F. REGNAUD, T. BERTHOUD, N. DELORME, N. DRIN, P. MAUCHIEN, C. MOULIN,
B. REMY ( 7xvFx7Oo—-EHEH, (A )

RAEIMEIC DI, V—F~Zx7 boRa - (L—F—-4%iE) BERE, S8R, 1 v
FAVRARL VSO DBBELEND, ChBERSETIENMr=— X LEERMRELE
BENTEfe ZUTHESR (A 754 VM) $hid4 V54 VAT E LTHEIEDAMFic
BOTERICER SN LB TS, 1981 43k CEA-FARTRZ ORI ESE LSBT LT
Rice BORRY b, NG —, T 7 A N—FKE~DEE, ~VAEINEREEOREIED,
B—RTORUCEAMFSTHBERICITLL 2HFAEDRSEZ SN, RELBVTRRSH
XA VF-—RRODBEU o FECL O sh 3,

~ DX FLE~ -
— BRI T AvF— —
- Bz Re¥F-—- -

L KDz ¥ —RBHEAEDSECHIET 5, ZOAFIBOTHRL BRICRTLNVETERLT

V3, |

- BRMHBFAEOSE SELMIPY 5 Y OMBR(EZEREE OB, |EEPTORLIT

£BYF VOIN—F AT

- BB 7o v RO AREHOI v 54 v

(Zhie DWW TR A7 —VDGR,/JP 1 IKEBABE LTW13)

— KB FPTOHERK LB T vy = FOMT
2. BRERHENRD 2,0 FHED) HHicAVWLIhTWVE,

— 107 ~10" g /L VA OETFHFEOREDTEMTA 7 L= bRA NN =y 7 =T bW

sk

— DEAETHFOBWSI VI =FB XU 7/ F= FORRBEITRELBA 4 vk 2 = ~

FhboRaE—
8 HMMITANF—EEV U4 VIRRKERESNE, ChIZREE 2~357 7 LF32EHT

X¥56DT, AHAEMIELTH—ZBIONEHDTH 5,

ZTOMOBASRELERETHREINT VS, 20T, KA BU3EES 5204 v

74 YRTHERF ITEbh T 5,

PLE, BETEREWEMNC BT S L — 9= 257 b VAERBCREADKE TS, BE
DLDEE-TNBDTH B,
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BEHEAD ICP —<ZXDOHEA (N 3)
P.M. Brown, S.E. Long, C.J. Pickford (AERE Harwell , 3 )

ICP (Inductively Coupled Plasma) JEHFE K5 (ICP-OES) &, REISFRIIC
D ERE R ORBILEO M B OTHY ShBH Th 5, MEEHITIERETHY, AN
AZHSTH OBBICITIRA 3o LU, BENHEOHBELELSEIZ{(DT Y » 7 AKX
DS LERERRZ b vEE LD EVIRELS ., —HERMT (7R) BRECEVTHE
RI7IREEEIRTT , Wi R <y FVEB BT LN TES, LbL, BERE~OHREAL
WHEBANHVERERL OLREER T %

ICP &= (NEfi~2)0&Eic &y, THLR%ERZ0MABMEERICEOTHER
T& 3 LW SRELTRMBERIER SN, T18H5 ICP TORBUADEESBLU~
2 TOMEM 2 <27 FVRIEORIEEHAGLEILEDTH %o

ICP—=2 |3 1984 EICFfE~— % £75 0, 1985 F ) ¥ TIC IR ESHTER =
NEEBLTH D, TOND 1113 Harwell THEIH TS,

Rk DR, W, FRESSKOLTHOKA (§ic ICP-0ES) & ORI
oo AR L OWEIR VERK U AREMEAICAELZBAIEL LN TEL T
B, FRBITZ VLI 4RRF - VEMEDORSY O SHIC bER N7,

(@EE) ABRECBVTREEORTEZORERSLTOB/MESE D, HAELi, Co. Ag, Pb, U
250190 ~50E S RABERES bR & (100 PPTTHIET) BEMRRIN, Tk
StELth BB RO AT [ nBIC SO TEREERITT T &2 EHAMN Shi (A5

EYBESWNERICHITS ICP —~7X (Na18)
P.J. Goddard, R.C. Hutton, C.J. Shaw (VG #, %*¥ )

ICP—w2 i}, % &% SEWEMT~OHBEBI BV TEEL S EIT &0 TR FERIRIE
LA EDTERE ng /mi L~ ovORBTRiEK, BRECAHRTEZENTH S, ThBELRARY
MUDIFEMEEA S, B ) o 2 RRETHTS 5 C LA TE S, ARFILE 63D
FBCERL, 9T veh )y ARORBTRARD B C EHTE B, BYER L~ TORBKH
DEEHR, FIBEESECBLTHRATH %,

AR IEHEE I TR EHN L LTS8, Hﬁ%k%ﬂﬁfééocmaAﬂ4ﬁ/mv
RBEIVEREEB C R TELOVY, FECRETE LARNBESERLAEAETH S 5
B & BEAELAEEEMEERTO ST I EREEARL BV TTONTV 5,
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#1 ICP—-=2RHRA

A ' mg/mﬁ (PPB) LY WA va viA H { He
é‘*ﬂ ~B§§1 4:y,= SEESENT

/‘//, _-_ngu! // S =
,Na,yM me  NB VB vis v ——-—--——-—'-——| 18 ne ’AI?' i 3 Ar

ll
I
Ay
|

il
Jer

|

Iy
EE
i

\

X I 7 2% ¥ P 7 il Y P 77' RN
NRRCNY & BTV T CrA M) FoY CoYMI Cay 2n 4Gat| Go | s:fse/\Bﬁ Kr
Rbf,,\,Sr& N7 NG ?‘T':':*'R%Rh/ B RAGC! FIRR St sb i

IC7 55 i G xfpt,,frq T s

1

00101 PPE_ I:aT,h:ﬂ Pa E”U:\?i] Np Pu JAm| Cm]| Bic | Ot | Es |Fon [Md | No] Lu
NN 1-10
: >10

Detection limits for dilute aqueous solutions
calculated as 2 sigma values of the blank, u51ng
ten seconds integration, single ion monltorlng.

®2 S HEHEXRHM

Peak Integral, 206 Pb 204 /206 207/206 208/206

Run {(blank stripped) Ratio Ratio Ratio

90,721 0.05798 0.9312 2,232

.. 92,002 0.05726 0.9261 2.205

10790,958: 0 il [ 0.05767 20,9248 " | 2.220

L U9L,B28 i BEU0L05631 [0 0,92967 0 [ 250220

S0 90,584 . L r- 0005855 [ 0.9328 o [ 20219

UL 91,364 - | 10105840 0 | 09299 ] 2,200

ST OL,220 e 100057320 | 009218 [ 20216

88,977 L 0.05713 F0.,9267 0 102,204
088,221 0 1 0.05773 0 | 009284 s

87,496 1. [10.05765 - 10,9193 | 2.200

O WO~ Ut b

—

Mean(x)® T zh’i’:inij'!'"fO 05760; 10.92760 | 2,213

Standard Deviation(o) ' |'0.000649 | '0.00422 | ‘' 0.0105

Relative{sfandard:Deviatidn(z)ffﬁg;fj:1u13l;;ij H;_O;AS-;ZQ;f'.f1;0:47

Certifi¢até;vaiﬁe:€;-::{_j:_-__T_;g'.:b 05904 | = 0.9146. " |\ 2. 168

Difference from Certificate Value(Z)| 2 44(1ow) | 1.42 (high) __Z}OS(hlgh)

Counting Error on Ratio(Z) . - | 1.43 0,48 b 0040

Isotope ratio data from the NBS 981 lead standard at a concentration of
10 pg/mf, The time per run was approximately 1 minute and the sample uptake
rate 1.5 m&/min,
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Traces showing natural rare earth spectrum(above) and same sample
with spikes on *“°Nd, *“°sm, °!Bu, %°%d, '®'py, '®’Er and

171yh (below).
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FREZBDPO 'NPOERBESHTE (N22)

T. Adachi, K1. Kammerichs, R. Molinet, L. Koch
(I -RwSBOSUEHRER, H-ILRIL-T)

BEHE MO Y 5 v TROERIEREE L CERMTIC X 2 AMARRATAEE Lin e
EZLoNB, 7N =Y ADEEE PPy, MPu,TAY YYLARDOTE AN, 22w A
DEAR "CmE R4 7 ELTHEA LTV 27y = v aidigB TRt 4 2 Np B
th 29 Np M~ BE R TH 5o THL 21 2 TH5 P Np, S Npb ERICHEHT 38
REHTHD, TO®, **Np (2.36d, *PAmDIIETLR) PR 42 ELTHVLNE, 2D
BAC, rEAREILIRDOENG,?

RO RARE S N FEERIHZEBIC XD, 2" Np &2*'Np OFEE 7 — X7 b ASTHFIRE &75 -7
BER AL PHTEETH D, P An FRAHEREICL VKD ENE 2 &5 2 Np HHE
D 243 Am - BEBERT Bo #E-> T, Np O ERSIE *CAmDERES ICkE LTV 3,

SHFFER TTA M AR OB & 1 T0 3, S RO R VBRI EA S TV 5, LWR
& FBR ORBERORI BN B 5 " Np DAFFERHE SN T 3,
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ARFFLABCETDL RTYZILORE (N.23)
A. Mair, D.J. Savage, T.W. Kyffin ( FvL1BRETIE, ¥ )

REFRLE S Y RO 7 4 — FIE, REY, 85T ) 7HONp OREESMES L, W
KOPDBFERHPDOND i 1mgPuM DD 1 ug i TH D HHLRETHOREIC S WT SIS it
L. RIMOSBMERIRGEETH AL A VB BLIU TTA 2 H N TOFEMH R &
Nie Pu, U, FPABUKBRTETE (44 vIcis L UM OHIEIEL L. HEHE
BEOCHERRESUBFRTREBHEOABLREL 33, FHOTFERALEI 37D, B
BB b+ AR ST 50 |

Np/7rt+/ 1l OLERED LBRED, RERHENpAEFRE LGBEN . T 77 0Dfh
DBHEMTE SO MA Shice Np3HMBRET, RELIKER SN G700, ARy — v —
FELTONp—23TBLU bV —4— & LTOEHH Np— 239 B AR L 72,

BERYHR B LUCRERE O Np OARHS, BB TESO N OB & & bicBN SN T
Na,
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BLEEREPOERYOHEE (N025)
B.S.M. Rao, E. Gantner, J. Reinhardt, D. Steinert and H.J. Ache
( Kernforschungszentrum Karlsruhe, Institut flr Radio)

MRS EESEMAT 5L, Zr LF.P. b 5OMo 2 S RIAMBRENEL 5.1 Th
Side ) FFvEICIOEML, Pu Ol OOEAEERL, CHSEREOHERAREERTH
MR, ZOEBBERHOLBIRTONTVS, AW TIEBEEER (aiZr &Mo, b Zy,
Mo, RuZAV, BELBBFLELLDD) KOV TRLLE.

B\ i EDXRF, ICP-AES 2ufimkic, vy —¥ -7 = eomkt, b
fMIZ IR, X#, REBREEHENFRICER L,

$7, Ina=viae) T VEKBIHOERI DOTHEHAI L, COGFRETET 2
XY P ARBHO Y FERL, 937cn™ ORI, 200°C, 3007, 550°C D& TS
NhbOER - TS,

HERMD IR 22 b VKR & KOFEEETR Lize BT I35 < DA 3 T OKITH
uy 3 EREARL, TOROMATHESSBAS A, x| 3 ks LkimoBR
ZtM020;(OH) : * 2H, O TMEAI hizWic 2T’ Zr (Mo 04): TH Y, SEIDHE &5 %
TOWREFEIRL D,
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REEEE SUESBEHBCHETAIEREYS K (M32)
S. Baumann, W. Dams (ALKEM GMBH, ¥ )

ENBEOHEEES (Pu, U) 0, ORHOSRKOFEEERS LURERED /¥, B4 DEK
KREWRE 709 7 VOSFEPHERAIN TV S, v5 VABRETANT 2/bicid, filto<t
Yy 7 ZOGEHOEESE O ENBERIN TS, FAREPIVIRBOTHERIV =Y 40
5 vy OEBRUGMat) 2RV -y -—HIFIC L > THRAET & 3. COHERERAERED
Fr T —Yararviue-—rELTHEATEELDERDLNS,

T, FREEEEERE-EBAMFICL 395 Y OSRBEEECHHAIN D TH S, R/
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1% YR EREICIEEEA DU~ 235 B 2R VWTITH - o U- 2357238 I3 HEHEES
e ThAMAT 26 L IL X DAIES NI, UBEN3—-200g/8 THE37V b= aRidoy
SUYNMTORBEBIUVERESIZ0L5% (10) DIRTH 3,

BEXKFREORNES KURMEERAIFTEDIHD P =N—FIF N T+ R T 4 vFE
Y4 RICEKBFEI7O7 TS 758 (No.33)

A, Delle Site (ENEA, &2 )
N. Poubek, R. Fiedler, W. Raab, H. Swietly, G. Bagliano, S. Deron
(IAEA-SAL)

U5V TNt =Y ADQREHBOHEL LURBEERZEOLDOSTICBOTTAY YT 4 -
Tbzgh e U5 YORBHTHRO LORROSEHGELEL SN TS, M) —n— A7FNVT3
R74 A FH4A FOBEHKBOTERO 7 o< b 45 72T 0 SBELEEERNICE—F 5
LATHETEEDTH S, TTTRERNT A — 5 —ZBRD0THBR~RB, FEFERMIEICE
597 b =0 s OFENESHT, FAEFRRSYT, ¢— 27 b itk s Pu-238, Am-241
O FICHE LTW5, SEEAREHCAHABRBRIIEE, EMIICBOTESARDA-1983 @
=4y MEZZER LT3, ZCTRAEORESRT,

LIvE—bEHERWOE 2ng 952 « T b9 ASE DO B AEERIE
(MAT 261{ER) (No42)

D. Tuttas, J. OeBelmann (Finnigan MAT #, ®¥ )

LYY E— FREXBEBHEEHTOY S Y « A =0 03B LU ZDREIRSOTL Y
Y B~ PR TR E TH%E - RSO TR BAROTLEE-7DE YT v e b =29 4D
AECHT BRE (14 VINF) , ¥V IV ORE (4 4 VEROLEN) 2 LTHSHETH 3,
TRETREEBLIOTNF 77537 -3 L5 5 — % 5 DMAT 261 B4 4 {bw2R<Z box—
FHEHV O,

1—2M;ﬁ@®¢%ﬁﬂ®ﬁﬁmib,E%ﬁﬁ%®ﬁ%%ﬁhvawﬁﬁéi%h%&t%
2, ¥ 7N —F (VS OBBRIERLY v 7 VRS BB TE B 95 Y e TH b 2D A
2ngARHE, ZIRETHMEE (SEM) $hid2héz7>55F—av 74 —DEBiCLDLEET
AEENT. NBS-94T I L 2AEOBERUEBLUNBS v5 v 29 vy — b ickB5+ Y T L —
Va YBRNLHT, LYY E- FREEKBOTMAT26] DA vy~ FH 4 vk L OBk
74 FRA Y bOHFNC OV THRNLA TN B,
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U (VD) OEABRCHBTEZ S 09RO T F o TOEEIZDNOT (No 44)

J.C. Veselsky, C.A. Degueldre
(International Atomic Energy Agency, Laboratory Seibersdorf,
A-2444 Seibersdorf, Austria)

FTRTDF % ¥ Fi3, NaF/Li FTOY =44 vy ORAIRRIF LTIz VF »—&
LTBIo 7 vF o — RECT 20 EME O i S BFR, SEpN S EEREX Sm Eu,
Gd, Dy, Ho, Er, Tm, Yb, LultoW\Tah AfH (Cy =1100 ppm) HREOF LHi,
L#L, Ce, Pr, Nd, Tb BBlOos x5 »7EBHERL, ¥ERES 300 ppm ITTH
3. CORRALERIYNZESFOSROBILREORSNETERCD LLIBRTIEE~< LY b
DR T 3 A OF KT TOMA T 5 OLEHERICBIRY 2.

BEFELBOSNICHITESXLENEOFA No.116)
M.L. Brown, C. Mills, T.W. Kyttin
(Dounreay Nuclear Power Development Establishment, UKAEA
Thurso, Caithness, Scotland )

SHEFAREHAMEOEBBICENT, A =0aETA ) YLD T 5 v Ml LR
OENPOHELE D,

KEHOT Wb =0 L ET 2 Y VI LDRPE LTV b =29 LORFHEMEBLT 7V F =9 4
4{f D (TBP/OK) hOBEMED O OHXAFOBFNEIC BT 2R EC >V THRL
1o

L3 SEERE I B IR RAHE IR i B N SR BICHKSER IR DY v 7P EBRT B3HET
H5Bo BLNVDEIH L TRADBECEIBFRLANTEY, BL W TREFCHIT Shicyn—
BN TIT Do TS 200 v FIUOEEIC>NWT WL 2hOBLE L v ¥ _— vy THONEE
DWW TIR~AT, '

BT « 4~ %FEVF “in situ " TORTEASEES Nz, COFERICIMESNOBRARE
BREh, BFOLTLENTD 3, X7 7 4 "ROMPRFR~ M 2 v THE S TXTOHER
BETTbh b, E—+ 4 7 Vv OKIEOMERRKICH U TRROFE LB LT OHEOMEER
&to1&9bw®%¢&%%&éhto7»5:&A@ﬁ¢@7%vaAﬁafwbszw
JEFERIED - DDEH LWHELEER L. ChIERARI PLOIEELDRESZHDTH S, D
HHEi L AERITEEOFELHNEA, SN ENT,
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BROBERIAT 57 4 —CXBBBEEDORELFRE O (No 117)
R.M. Cassidy, C.H. Knight, B.M. Recoskie, S. Elchuk, B.W. Hildebrandt,
L.W. Green
(Atomic Energy of Canada Limited, Research Company, Chark River
Nuclear Laboratries, Chark River)

Bx OWEF OBEOHETEBEF OHES o~ + 775 7itfEbN 3B £ & VS Bk RE R
BeH LoEMEh oS BORECHBICSHTE 32 Lbib -1,

BEELTWES Yo/ FRT7 757 = FEELTHET DI LERKREE LT PEAITH 5,
B 7 LARERBBERACTOSBRA A VORBBREI g BETHS, #5729 LRZELTED
(5000 plates /15cm) HBOHFIIDELXIFEL TH L. £ LT OFEREHGERE %
/O DITEL T3, BED 2 2OH%E, B7FO U0, MEOREEORE & & U Hmkica
NTHBHEHES v 4 = FOREIR>VTHRNS,

100 46 DFRE WA MEHSEORIEERIE XL SR OERE LTO P LaDRHTF 5 60~
100 ng/sample) , AECLENTHEERI IS THYD, BER TR P Lad SR ITHER
LichDiazE (P°U-1%, **Pu—4%, *'Pu—7%) itk3,

Witk o< b EFNEFRERSFETE ONAMEIREL —F Ui % L TREOERMTE
W ATIORBEIEa 2 b AN T X7,

SRBTEBFHREDOHE (01pg g) D5 vy = FREDAIEE (Th, Pu) 0. FOK
FHEMRHC L 2 A =7 b ADEEBKEVDT, THoOH LADEMHEITOHE L TRE LI
Ve #ERE LTIOEIRGEGE Y o~ bESEREIN, 957 vE Yo BB SN

COFETREERLESRATTHOKRE, TOBEFHRTS7»2=F (Dy, Gd, Eu, Sm,
Nd) #20Z »tem#Eh Sl 7 o THHET 5,

Zhs s vy = FORIBIMHERRMITNIONTH S,

SFAF vy U EFBHELBETF IO HESFERESELEL—F—
BEEERSTOBEA (No.118)

N.S. Clarke, J.C. Ruckman, A.R. Davy (AWRE 4 U X)

IANE-RUXBAFRBRTOAL v = v Y BTERED, KENKBT Y o — 7THEBHFO
BT S Bl BRmEoatricw —F Yy THROLHRTHWS, L LML, LIE
LITCh oo hRIEFETE A, BMritlVonige, SR LoMBERMELTEL ZEL0A
Vo LrL, bLZASDEF Y o— 7k (EPMA) A L — ¥ —BEERSMAE (L IMA) &Ff7
LTRVShAE, &4hoRonsaoBEns Do RenaikResensng L4
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BB, IS LIMABEPMATTERBVWEOVILE kFE, ~V 9L, VFOLRURTYTL)
DIEHAESA 5, &KL —¥—Bitth, Kb olifEn 44 vBHE TS0 LIMAZHNT
{LEEHAE 5 LOTARETH 5,

COHRIOHNWIZ2 2d 5, F1RLIMARLER FELEEOEVERE &b, WHA
KHG 2 EDOMBERIKOVTOBMBLEANTH S, 21 LI MAZHMKZ T Z OO Tk & O
SETHVWAHADRBRTH S, LIMA OfEHid, ERRUAE ORI 7 « v 4, BORE
7 4 Vi, =Y )Y A OSEREELY Y IINVOBRY F U - ATESCBE L TRES RS,
A LB HERY Vacuo POERD L —F—BticE SHEIKSWTHREIN TS,

Reference:
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9SETIL PG LAORGGEAFOHOILEEHERESHT (Ne 119)
D.L. Donohue, D.H. Smith, J.P. Young  (ORNL, 3 )

HEEBRERMFOEM (RIMS) 3BRE L biLy 7 vET b =Y DR ELORIE DK
DOENEATEEE - TETHY, Bie, REEENEOLDOFRBSREATH S, i,
Zhid L — ¥~ BEAEEE LS L R R LA ER ST EOBAEERE LT B, HBE
B 0 e R AT L — ¥ — B & DRE TR OETON S5 BF OB ERIE LABICED
BUTHEOBRE I, MOBELENRIAFR LA vE— (HRE) O7 4 b YZREES, 14
vEERTWieH T ORBICER SR 3, ZoIcU/ Pu/ AmOELTEOREWE, ERa 0k
WHEECEE LTARETEITLD, HFTE 5, ChICL DIRMOLH B LEIMONBEEIT T
{735,

FWTiE, RIMS EORE, HE, BE, RIRMART, BENA 4 HLx <7 FvZBGRT
BHEELV VY (580 ~605m) i€BWVWTU, Pu, Ami20TRENK I, Ioic, EHFRE
BRI DY 7Y Y I LB SN FETHIRA 4 Y LY v e~ FRRES AU PulRE
Y TVOMTORERORINT VS, RRICEATRELTAF Y E—L2 5 ) Y IFERL
5FEHREICOVT, BEE =4 ) Y IOMAR B TE SN E/NIF Y YT D T DHFED
BHPBR<ON 3,
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BHsHEYEERLICHE, SRTXHERSNIRES Mo 127)
J.L. Daniel, D.S. Goldman
Pacific Northwest Laboratory, Richland, Washington

¥y F PNLUTARTREHHEEDEOWRICE LT, MEOEIE b »Tb, MEHOE
BETHHSRECXREEE, I CPRILSAEZEEIEL KB TERS N TELN, BEIETH
TEARET, SUEPRIETEILSICL-TND, EfSNiced 707 o~ 7OMEMbES
FEABEIN TV S, BV VEHBRHOST b ChoDRBETHIENZ, Eht—Y=X
PS A ESRE SN TS, OMERTHRNENEO—TMNEREETITENTE S,

WHBOER SN EEREFEHE I X BHERHSZLHIGOEON G, FEBZLI VT
DEIDOHEMTE 2H0ROFZDOFICAN R TV S, BEHHBENEN LI OBREIACLhTEVE
FHOREIERTITON S, ANEHINEAT E2& v b 2O~ + EBEOERICHESTSZS v
TRFVDF v RITHEENS,

B DR, B LOEREGHERS OB B RBORIEIFECEIEC EXTE, TOBLT
TOBRENEBICTR 5,

EH SN XEEHTEB R, Ny FVREORFICLZbDTH S, XER ERMESHERE
bied s T =42 —5 KL DEBB L OER, SEOMAGBIICE -7z, REESORT RS
E, V—F—RY 9 bBLUS 7774 MlOE/ 20X -5 DERIRED, GUOEEELTRD
ER DLV OLE USRREE, REBEOTIHRAL 72, BHFEBOHIME 7 — 5 OFEAHE LT
NTHERIC L - TITON T3, BHELEHFEBREL++ R /42U ANB L LAHTEZDT
f—DFEM EEBRHETRAETE 5, Thic L DFRMER, MmEE &Mk & oFREE~3
LEHTE B, EHES N4 2070 —7bA L+ v 27 EFYANEOTH L EORE 4
HETH 5,

ER SN ICP REANEBREERANV N TX 3L IS HIEEI N TS, ThidKk,
BRI EDOHTORGEREENOREFROEEY v 7L ESH4TE0IMH T ENTE 3, B
FEEEEERINTREFRCLTAR IS, ICPOTFXF o v NIl SN
p—T Xy ROFRBEINTED, HHSIIRE S v— 78 v 7 ROREEEE - THRR
CAHT 2o 2L TANY bVEBBICAES h, BEAL MEShEENHAEH S,

BEHEREHIREE Uit » P e THBE Sh 3. 2 TREAROUN, BE, W8, BRETS
TEMTE D, ABHE T » P BLUEBIGES Lcs Y725 v D4 v 2 7 CEE, EH%LE,
A eTe-TEBEshE, [CPHAORMERZBOERER CTEEBELINS,




PNC N 8600 86—03

b L=t~ CRIES T O DREGEL —F—3FRE (No. 132)
V.B. Kartha, V.A. Job, K.B. Thankur, V.R. Rose Mary, C.S. Somanathan
BhaBha Atomic Research Centre India

“Tunable ” #HHFA 4 — FL—F - 3HBEORIAFHBICEST IV —F —FHFOEHE, &
ADHESH B, L—H¥-ICIDEDBRESBONEOT, A7 PVEOERDIKLETHO
FIEA IV, BVEBESHNA CLNTE, Ny 207 Y FOBVARI P RERCHET
%3, BEXRY PVRBEETHAOT, HREGRHOBEILTITES, BLARELADRUHED
b L— 4 — 34, RS OBRO b Ik EE L —F — DB AT A ZRA LT 3.

COHETHDO OHABEL V<V ORMRESERELTE o U —F -EFRIBEROLHIC
HAEELEE O CHF;, CDF;OFEf&S bEBRE(LS i, thDRIRARE, AT 1 NH, —
SNH, , @AET ¥ €=T R0 2C, UCAAWFIL OV T &hic, ANk EsR, UF,
OFGRAEDEDBER ) AP LOE — LDE=§ ~D LS uBEH H 5 RERBEShAED
S bEHETH 5,

TP LEETO/IINTAZILORBICHE T ZESCFHTEBLONAADIER (N 170)
G, Marx, A. Bestanpouri, W. Erken, D. Wegen (HBHE~NLULKE, FHH)

W{oBDANT A S (HE, Ti, Ta) BEa=Lly /X7 0L ATRIENCEETS 5.
HICBREGTR20OEETH 5, REOFMEBEE - L CLEIKEARIC Pu BETOZhiTHT
B AHIE LTEMTH Do EONWNAA LBRLFENHEOLRAK L VRIIBLERT 58
Kﬁ“@ﬁ¢“§%LAE¢5EQWE®§ﬁEﬁKﬁﬁén5°Puﬁﬁ&f&ﬁ@g<wﬁﬁ
S ORMESBRE NI EVREBRAOSLEM P GeL i OBA QLB LFEEA T T Tilix
BTV B,

ERO ST 55 THRICH T 3HARBRILMBEHO Pu SENORIC K DHMT 5, —RII
# AT IR LFE LR e fific X 2R ICE LBt B0 XPS KL 35BN 5T Off
BICRT2EREUWETE S (HIPu) O, BOERHHIE S hic, BEDIOMTFEIC LD
BRICED REOHBRAOHIEE, SoKSFIEMRA T A —4 HNO:, PuBl, BE,
EREI B SN, Fh (0, p) (n, @) Rtk bE AL MBEHER L - ¥ —&
LT, ChEDBITIKORBTE 2T EBHOhER T,
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BEPOMBTIF= FEEAFOIHO L~ REXSTEILLEE (N 180)
R. Stumpe, J.I. Kim (KfK, Radiochemie, 7% )

7o RACEEERIISTOSTERRT 7 F = FOBEREE, HFiRERcE - TERETH
Bo V—¥RIENRSESAERRIRE, AR THRBSNL ChidF / EVvBEEREL DT 7 F
=FORERBEHTHTS 5, COHERBRTFRLELEEROERE TS, DLy, COHE
RERBBPO7 7 7= F ORILNES T PeEEFRICERTE 3, (<10™°mol /£)

Bic, HROESRE o€, BRbPO o4 FEROWEERRICT 3, REKho 72
F= FIisk OB{LIREE, #ERU 104 FERODERERECH T2 EAMSRLESA TS,
LDORBKPODT 7 F = FLRBERER—RICIFEICEL. (K10 mol L) »

SKIFREHC 3510 BEA BN R RUERES BERS OFHRATOMT (b 184)
R. Wirtz, M. Ellinger  (KWU, B3 )

EERBERE K OZRIR 12 1451 B L Fo B R /R AE K ORISR 1T id, e L B R U R =&
BERBLENS B,

BABETZAPBRGFLEFVICD, TROE2BHBRUREEDO FPEEERE, 2 LTS
AC L VBT E PMBUBRAEOLSH GHETE 3,

(AT o —F)

ERMTICE LTI, US hZE F Y Abiio Bt (AAEETF A2 070 —~7) h~IFEL
Botto CHICED, E08m, ES2~10mOY 7 LEEETE, |

oDy y7rid, BEEONEEE (K1) THRICLOBERSH, Thick DS R
B 5, BB REBEEL S, FVRLIEGEMTEZEORERMTSh 5,
FPETIF /4 Fid, BighTrRUa 2=y box b)) - LERNGEFREESTEEZRAWT
REIND,

G 2B

COHBEDHEED, SIERGTERSIN/IREHETOBENE R 47— VT, Xe,'¥Cs, " Ce @
BhHRaHmERTE 2 ILREN S,




PNC NB600 86—03

140 - -
e
408
120 Q
mass spectrometer s
inlet . S‘
<« 100 <
| — 9 Ce 144 196 =
v St
— N 80fF §
-} =
E 404 g
dewar ﬂ 2 604 ga'
cooling & =
<= water B4 Cs 137 l8
. «
L 4102 2
L 20F
L——J acid
= sample L : L 1

02 04 06 08

rel. radius (r./1e)

X1 & 2

BUBTSY DA Ty b—T D by MR EEEARDICHDSHFTOBBEE (No. 197)

H. Ottmar, H. Eberle, P. Matussek, I. Michel-Piper
(Kernphysik I, KfK, ZE¥k )

BMEERDOA YT v b, TN v MPBERXEIC 2 DORERES 41 THb 5. 123EREL
DPERELOSAVIBRTHD, 1 D@82 = M4DOU, PuBETHS, ZOLFR—-MEIE
BT ASUAERA~OMINT 7o —FTH 0, ThiEEERAVLOH TV, EROLES
BETHELSNIDPHE 0 OMMTEBEHNL, BRIELESET5D0TH 5,

ZOFEFT 3oV F B EX - ray BRECED GEEEMTTH 5. ChREENICER
LT OHAZER T2 HETH 5.

o R/POFBHER

o EEERIRE, ER ORILERE

o BIESH A TEOHE LA O LERBICL oL

oA Fw b, TOMTy U, PuBI@ICK -RINEETE, 1 20HE, 1 2OBETKW,

cBEOHEICLD, BAOREENELE LTV

o Ak b OEEEMRIL, EREOIFESHRTELIROBADO—MITT ELL

BEOEBALR SN, AETIRERD SR LLE-TRLATVEHOTERIVE
DTSN 2. HEROILFNE ik SENE AROMKERT T RUEERT - s 035 5,
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FBEAT I DNE DL T~ L K VBEAHBRCAUEHRZFMEEESIKTEE 0D
HIAOHLTH B,

K-BiNuREm i3 2 >ORE 5RBEELEFHT Wi, 1| 2dEAEA »7 v MERDODU, Pu
ST IR IR SN b OTK 8L XBER BN E A ORI 6D TH B, (N 7Y v FEE)
References:
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EEE) RBRABTE, 0K —RIUHEEEFIH Leatis BLEBETEMICKSLEN SO
B sreBRALLLOTH 12,
FFH Ottmar ALK bR — RO, REBOEREAET —4 247 P rixR
ICRY . (FIH)
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BATAETRARY PLIEKB DT =T IL b= AOREMESF—SHOBEEEE (N 28)
C. Bergey, R. Platzer, P. Routreluingne, H. Lafon
(CEA #&TrCogema, Marcoule, ik )

B4 4 vbe 2 2y bV WTH LoRogmEsEgsheY P Lousbo
BHRIEE (DAFV e Fv==l F) ITOBREZFRLTH S, LCTRAEONEABNTBE
EHICHHEE O/ DOFRRICO WTHRART > T3, FLETE TORRICB VTR N
SR, RERBICLABAOHE LB ShTVS, BEIRNERDOY 57, 70 b= a3
BITESCLIED, BEBIURENSHEXZR LLTOEDHHME,
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REBEWHRDU Pu BIEREZERE (No. 65)
G.W. Nelson, S.T. Hsue, R.G. Gutmacher (LANL, X & )
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L. Russen, B.L. Taylor, J. Farven (AERE Harwell)
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1. Development of K-absorption Edge Densitometer for

Highly Radioactive Dissolver Solution

Shotaro HAYASHI*, Yukio WADA® and Shinichi AQSE*
Toshiyuki TAMURA®* | Akio KAWAI®®, Yasuhiko MATSUDA®¥
and Akio KAKUTA***

* Power Reactor and Nuclear Fuel Development
Corporation
%% Nuclear Engineering Dept., NAIG

%x%x Toshiba Corporation

Development of a technique which is able to measure rapidly and ‘
non—destructively the concentration of uranium and plutonium in solution,
especially in highly radioactive dissolver solution, is one of the
subjécts for effective process control and Special Nuclear Materials
accountability in a fuel reprocessing plant.

Much effort has been directed towards the development of radio-
metric instrumentation which possesses potential for online applicationm.
One of such techniques which shows particular promise is X-ray generator
based K-absorption edge densitometry.(l)~(4)

In the present paper, the features of our prototype K-edge assay
system which was installed in CPF-A process (the FBR fuel reprocessing
test process at PNC Tokai works) and some results of test measurement

for FBR reprocessing feed solutions will be described,

Outline Theory of the Technique

The mass absorption coefficients of the elements increase stepwise
at the photon energies of the inner orbital electron ionization energies.
The effect of these absorption edges on the energy spectrum of the
transmitted beam from a X-ray continuum source is to produce stepwise
decreases in intensity,

K-absorption edge densitometry involves the measurement of the
ratio of the transmitted intensities on the low and high sides of the

K-edge of the analyte element.



PNC N8600 86-03

The concentration (p) of the analyte is given by
p = 2Ty /Ty) / Aug et ,

where T; and Ty are the intensities on the low (L) and high (H) energy

sides of the K-edge. AUK==u is the difference in mass absorption

K~ KL
coefficients on the high and low energy sides of the K-edge. t is pass

length.

Description of the Assay System

Main components of a K-absorption edge densitometer are X-ray generator,
sample solution cell, X-ray (y-ray) collimator, X-ray detector and signal
processor.

Figure 1 shows a block diagram of the assay system. The X-ray
generator is composed of an X-ray tube, a high voltage power supply,
an X;ray controller, a low voltage power stabilizer amd a tube cooling
unit. The maximum ratings of the X-ray generator are 150 kV and 10 mA.
A 100 mm® active area, 7 mm thick Ge(Int) detector is used for the X-ray
detector. The preamplifier output of the Ge detector signals are fed
into a NAIG E-series linear amplifier and MCA for pulse height analysis.
The pulsé height spectrum is transfered to a desk top'computer (HP9836)
through NAIG-IB line (standard digital bus IEEE-488).

Figure 2 shows the side view of the measuring section of the system.
The measuring section is contained in an iron y-shield cell. The
dimensions of the cell are 120 cm in width, 110 cm in length and 150 cm
in height. To optimize the measurement for FBR feed solution (200 g/%
of heavy elements in concentration is planned.), the thickness of the
sample solution cell is chosen to be 2 cm. The sample solution cell is
fixed in an air-tight sample port and solutions can be fed and drained
through a couple of stainless steel pipes. The instruments installed in
the y-shielded cell are kept from c-contamination by the air-tight sample

port.

Experimental Results

In the evaluation of the assay syste-, two FBR feed solutiomns, a

pure plutonium solution and pure uranium solutions ranging from 10 g/%
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to 200 g/% were used. Figure 3 shows the X~ray spectrum transmitted
through an FBR feed solution (burnup 31700 MWD/T, cooling time 400 days).
In the transmitted spectrum, K-absorption edges of uranium and plutonium
can be seen clealy. The passive y-ray spectrum from the solution, taken
for the same counting time (1000 sec.) is also shown for comparison.

As is shown in the figure, anéys from fission product nuclides do not
obstruct the measurement.

‘The concentrations of pure uranium solutions measured with the K-edge
dgnsitometer are compared to the results assayed by high accuracy Davis-
Gray method. The results of K-edge densitometer are in agreement with
that of Davis—Gray method within about 1 g/2. Table 1 summarizes the
assay results measured with the K-edge densitometer compared with

chemical analysis.

Conclusions

.The prototype assay system using the X-ray generator based K-
absorption edge densitometry technique is examined with FBR fuel
dissolver solutions.

Experimental results show that the technique can be applied to an
FBR fuel reprocessing plant as a rapid and non-destructive plutonium and

uranium assay technique for the highly radiocactive feed solutiomns.

This work was entrusted to Toshiba from PNC and NAIG executed it

according to Toshiba's request,
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from an FBR Feed Solution

Table 1  Comparison of Concentrations of Uranium and
Plutonium as Measured by K-edge Densitometry
and Chemical Analysis

Plutonium(g/%) _ ~ Uranium(g/%)
Sample -
Chemical K-edge® Chemical K-edge”

FBR feed fA | 27.7+2.8 28.2+0,9 84.8 4.2 83.1%0.7
solution |B 28,7+ 2.9 25.8%20.7 69.9+ 3.5 73.5+20.8
pure Pu 12.5%1.3 12.3+0.7 — —

No.1 — e 211.6 0.2 213.0%0.7
pure U <No.2 L — —_ 77.0+0.1 76.3+0.8

No.3 —_— — 9.75+0.01 9.6%0.3

a. Mean value and SD(10) of 4 ~ 8 measurements (each measureing time was
1000 sec.).
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2. Remotely Operated Emission Spectrometer

Koichi ONISHI, Takashi SUGANUMA
Yoshifusa QUCHI, Tsugio SONCBE
and Fumitoshi OKAMOTO

1. Introduction

Research and development works carried out in the high-level radicac-~
tive material research laboratory, which is called the Chemical Processing
 Facility (éPF), requires ‘remote—handling analysis by using hot cells.
Conventional analytical methods such as titration and spectrophotometry are
complicated in their analytical procedures, together with their felatively
narrow application ranges, so their application to in-cell analysis is
difficult and that to rare earth elements is Impossible.

Aiming at the development of simultaneous multi-element analysis in
the hot cell, the authors have modified a DC-arc-plasma optical emission
spectrometer for putting a remote-handling type into practical use. The
authors have also applied a fiberscope system as an optical transmission
technique from emission plasma source.

The remote-handling optical emission spectrometer, as givenm in Fig. 1,
consists of DC-arc-plasma jet, 8-m fiberscope system, plasma controller
and spectrometer. The DC-arc-plasma jet in the cell was modified to a
remotely operated type (completely manually operable), enabling expendabie
parts such as electrodes to be exchanged by manipulators. ‘

Also, application of magnets to chucking mechanisms of electrodes,
enabled the electrodes to be exchanged on one-touch basis. The control of
plasma is done by electric signals completely from the outside of cells.
The in-cell part of the fiberscope system is set 50 mm from the DC-arc-
plasma source. Emission spectra gathered by a quartz lens aré transmitted
to the spectroscope outside the cell through 8-m immage fibers. An gyépiece
is provided on the outlet side, enabling the plasma to be observed visually.

The strength of emission spectrum of each element measured by the spectro-




PNC N8600 86—03

- (In:c.fil_)_____-_a--———H__-_ Ar gas

/ Radiation shielding wall

Off-gas

Cooling treatment system
water system (—-IM
\ \ |~

Seal plug

. Fiberscope (8m)

AN

-

=] - o )
Y =
A i © Ec::l D Plasma controller
T [T T
a0 | 0 - =
o | é -E
Ar gas controller/ -, \CS// b ’_ :E

Sample \ slit
solutio —_—
DC plasma jet . : Spectroscope

~LL -

Fig. 1 System components of remote-handling optical
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scope 1s processed by a computer and converted to the amount of content.
The practical use of this remote~handling optical emission spectrometer
makes wide-range analysis possible for the study of high-level radiocactive
materials.
This paper describes the outline of the spectrometer in the hot cell

of CPF together with the results of its performance tests.

2. Principle of DC-arc—-plasma Optical Emission Spectrometer

The DC-arc—plasma optical emission spectrometers have been manufactured
and sold by Spectra Metrics Incorporated, USA.

This spectrometer, as shown in Fig. 2, is a simultaneous multi-element
analyzer consisting of the DC-arc~plasma jet, spectroscope, detector module
and data processing system.

The DC-arc-plasma jet, as given in Fig. 3, is composed of two sym-
metrically positioned graphite anodes and tungsten cathodes with the
electrodes arranged in a inverted Y type. Argon gas passes through each
electrode block; DC arc ionizes argon gas, resulting in the formation of

Inverted-Y—-type plasma. The outstanding characteristics of the DC-arc-
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plasma are that observation points are clear because the highest excitation

region occurs at the position far from the center of the plasma, and that

it is not subjected to the inteference due to argon spectrum.

from the excitation point, therefore,

the spectroscope., WNormally available

The emission
should be accurately trahsmitted to
temperatures are 10,000 °K and 6,000
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to 7,000 °K in the arc core and in the excitation region, respectively;
accordingly, because of extremely high atomization temperature, the light
source is rarely subjected to the effects of co—existing elements and to
chemical disturbances. A solution sample ris sprayed toward the high-
temperature argon plasma, and the resultant emission spectra are transmitted
to the spectroscope, by which spectral lines and their strengths are
measured to analyse elements of interest. The spectroscope connected to
the DC-arc-plasma jet is a 0.75 m-focal-length Czerﬁy-Tarner—type achelle
grating. The echelle grating, which is a conbination of a diffraction
grating and a prism, enables spectra to be spread two-dimensionally over
the focal plane, resulting in 0.6 to 2.4-K/mm inversely linear dispersion.
The detector module can be provided with 20 photomultiplier at a maximum,
allowing 20 simultaneous analysis. The authors paid attention to the fact
that modification for using the spectrometer in the cell was easy because
of the compactness of the spectrometer as a whole and of the simple

structure of the emission =zone.

3. Investigation on Optical Fiber System

Compared with multi-component glass fibers and composite £fibers,
a high-purity quartszs fiber is excellent in its optical and mechanical
characteristics, and has put itself in a central position among optical
transmission fibers. Generally, quartz fiber production methods are clas—
sified in accordance with those for mothef materials; they are CVD, VAD,
rod-in~tube and MRT methods, each of which enables to obtain unique fibers.
The authors chose the MRT method which can produce low-transmission-loss,
radiation-resistant, high-purity quartz fiber.

The outstanding feature of the MRT method lies in the fact that it can
provide with the optical fiber c@re with high-purity synthetic quartz glass,
In addition to the low transmission loss of pure quartz, better radiation
resistance compared with quartz fibers prepared by other methods makes the
MRT method more suitable for producing fibers to be used under high-level
radiation such as in hot cells, ,

In general, there are two types of optical fibers; one is bundle fibers
to be used only for optical transmission, and the other is image—~guide

fibers (fiberscopes) which can transmit pictures. The authors have investi-
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gated both cases.

No significant differences are observed betwsen the two cases with
regard to theoretical optical transmission losses. However, the results of
experiments suggest that accurate incidence of an extremely narrow excita—
tion region of DC plasma upon the fiber is difficult because the bundle
fiber can not transmit pictures. Accordingly, larger—aperture fibers were
employed to make incidence efficiencies greater, but eventually detection
sensitivities and S/N ratios decreased because of inevitable simultaneous
inecidence of background argon spectrum.

In the image-guide fiber, pictures can be transmitted (fiberscopes) by
providing with narrow-picture-angle lens at its both ends; consequently,
since the excitation region of DC-arc-plasma can be preferentially incident
on the fiber and tranémitted, favorable results with Improved detection
sensitivities and higher S/N ratios were obtained. Further, 1.5-mm fiber
aperture for the Image-guide fiber, compared with 5-mm one for the bundle
fiber, is economically advantageous.

Meanwhile, as shown in Fig. 4, basic absorption wave bands are in both

ultraviolet and infrared regions; accordingly, there exists restrictions in

100

50
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‘-—l
o
T
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Fig. 4 Transmission losses of high-purity quartz fiber
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selecting the wavelength ranges for elements to be analysed. 1iIn a series
of experiments using the image-guide fiber, the spectral lines ranging from
B (249.7 mm) in the ultraviolet zone to K (769.9 mm) in the infrared zone
were successfully transmitted to the spectroscope; therefore, the elements
having their spectral lines in the above range can be analysed, but a part
of elements having their spectral lines in the ultraviolet zone, such as P
and Cd, are hardly analysed.

Figure 5 gives examples of calibration curves for elements provided
with various wavelengths, whereas Fig. 6 the radiafion resistance of the

high-purity quartz fiber.

B 249.7 mm Pd 340.5 nm

Intensity
[n*d
L
T
Intensity
[
Ln

] 1 J

02 10 20
B (ppm)

sor Li 610.3 nm 50

Intensity
™
wn
)
Intensity
N
W

"

0 2 10 20 02 10 20
Li (ppm) K (ppm)

Fig. 5 Examples of calibration curves
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P-B-added
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. light source LED (0.88 um)

for measurement

10

Incremental attenuation
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I |

1 1 I
2 5 10 20 30 100 200 500 1000
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Fig. 6 Radiation resistances of the quartz fiber

4, Structure and Function of the Spectrometer

The remotely operated emission spectrometer consists of the DC-arc-
plasma jet and argon gas controller, both of which are in the hot cell, and
the spectroscope and data processing system, both of which are outside the
cell, and 8-m quartz optical fiberscope which connects the emission region
and the spectroscope through the cell's shielding wall.

Graphite electrodes, tungsten electrodes and ceramic sleeves for the
DC-arc-plasma jet are gradually used up during plasma generation, so that
they are required to be exchanged periodically. The electrode blocks for
DC-arc-plasma jet in the cell are movable, and magnets are applied to the
fixing mechanisms of electrodes; these measures insure easy maintenance by
the manipulator. The devices in the cell, moreover, are unitized, leading
to easier exchange of a single unit when it goes wrong or is worn out.
Figure 7 shows the DC~arc-plasma jet for hot cells conceptually.

The optical fiberscope proper is composed of l.5-mm—aperture, 8-m-long,
high-purity quartz image-guide fiber and the quartz condensing lens provided
on the incident side to improve the incident efficiency of emission. The
condensing lens al}ows 3-mm-diameter measurement region of the DC-are- ‘

plasma to be selectively incident upon the image guide, followed by the
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Cathode block r
Fine adjustment
for optical fiber f Anode block
i — =

—=———/ Anode rotation
mechanism

Cathode
rotation
mechanism

“ N

Fig. 7 DC-arc-plasma jet for hot cells (emission position)

transmission of emission spectra to the out-of-cell spectroscopé Further,
an eyepiece with a filter can be provided for on the outlet side of the
optical fiber, permitting observation of plasma and adjustment of an optical
axis from the outside of the cell. Also, an one-touch exchange mechanism
for the fiber is provided for the DC-arc-plasma jet, enabling the optical
fiber to be exchanged in the cell. In relation to feedthrough portions of
the cell wall, radiation from the inside of the cell is shielded by spiral
feedthrough pipes with airtightness kept by a flange system. Figure 8

gives the structure of the fiberscope system.

Objective device Photo-recieving zone

about 8 m
in total length

T

e [
T 7 | [F—
/B
Fiberscope proper S
4 Filter
== -
Quartz lens 1] —
f Ocular boll
Eyepiece

Fig. 8 MRT fiberscope for DC-arc-plasma
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5. Performance Evaluation

For the purpose of evaluating this spectrometer a series of analytical
tests were carried out to compare the proposed system with the conventional
chemical analysis. A few examples, therefore, are given here. Assuming
samples from future vitrification tests for the high-level radioactive
waste solution, simulated waste solutions and standard glass samples were
used. After the simulated waste solution is diluted to a given concentra-
tion, it is put in DC-arc-plasma to be excited and emitted, followed by the
measurement of the ewmission spectra of each element and‘the quantitative
determination by the calibration curve method. The glass sample is first
fused by using a mixed flux consisting of potassium carbonate, sodium
carbonate and potassium nitrate, dissolved by 4-M nitric acid, diluted with
water to a given volume, put in DC-arc—plasma to be excited and emitted,
and finally the spectral lines of each element are measured, followed by
the quantitative determination by the use of the calibration curves. The
analyses are shown in Tables 1 and 2. As indicated in the tables, the
analyses by emission spectrometry are well coincided with those by chemical
analysis, leading to the conclusion that the remote-handling optical emis-
sion spectrometer can be satisfactorily put into practical use as in-—cell

analysis system.

Table 1 Analyses of simulated waste solution

element Na Fe Cr Ni Mo Pd Sr
atomic absorptiometry | ,, o | 5331 | .42 | 0.36 | 7.28 | 1.87 | 1.53
(mg/ml)
1 22,84 | 19.45 | 0.449 | 0.347 | 7.012 | 1.930{ 1.767
o 2 22.81 | 19.75 | 0.436 | 0.341 | 6.944 | 1.887 | 1.643
1 %]
£8 3 22.38 | 19.36 | 0.451 | 0.350 | 6.860 | 1.848 | 1.562
- ,
n o —
a2k “éa X 22.67 | 19,52 | 0.445 | 0.346 | 6.938 | 1.888 | 1.657
BE W.=
U Q
o cv (%) 1.1 1.0 | 1.8 1.2 1.1 2.2 6.2
analyses 22.7 19.5 0.45 0. 35 6.94 1.89 1.66
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Table 2  Analyses of vitrified samples

element NiQ Zn0 MoOy | FeyO3 | AlyO4 Ca0 Sr0 | Lis0 | Cry03

atomic a‘z;‘)’fl’ti‘me"i’ 0.37 |2.18 | 1,79 |o0.83 |[5.16 | 2.32 |o0.44 | 3.29 |o0.14

1 0.2336 [ 2.3809| 1.6809( 0.7824| 5.6608| 2.3519 0.4325| 3.1153( 0.1192
= 2 0.3029 { 2.3168| 1.7304( 0.7817| 5.4028)| 2.2642( 0.4322| 3.2700{ 0.1356
g fE 3 0.2758 | 2.4705| 1.7878| 0.8313] 5.8631| 2.4172| 0.4329( 3.7173| 0.1399
-
..?."’. Efﬁ X 0.2707 | 2.3894|,1.7330} 0.7984| 5.6422) 2,3444{ 0.4258( 3.3675( 0.1315
E o
T
& cv (%) 12.% 3.2 3.1 3.6 4.1 3.3 2.7 9.3 8.3
analyses 0.27 2.39 1.73 0.80 5.64 2.34 0.43 3.37 0.13

6. Conclusions

In order to apply the optical emission spectrometry to in-cell
analysis, the DC-arc—plasma optical emission spectrometer has been modified,
and the optical transmission system using the quartz optical fiber has been
developed, resulting in the practical use of the remote~handling optical
emission spectrometer.

This system has been installed in the analytical cell of the Chemical
Processing Facility (CPF) to analyse various glements associated with
vitrification tests for the high-level radioactive waste solution and to
develop analytical methods for transuranium elements.,

The remote-handling optical emission spectrometer has enabled workers
to analyse simultaneously many elements, save their labor reduce their
radiation exposure and shortened time required for analysis. Besides, the
plasma emission method may make transuranium-element analysis possible,
leading to the possible extension in the number of analyzable elements.

After further research and improvement, this system is expected.to be
applied to the analytical laboratories in the fast reactor fuel reprocessing
test facility and the vitrification pilot plant, both of which are scheduled
to be constructed in the future, In addition, the application of the
optical fiber to the optical emission spectrometer may extend its use in

the field other than the nuclear power industry.

— 103 —




PNC N8600 86—03

3. Determination of Nitrogen in PuO2-UO2 Mixed Oxide
with Fusion-TCD Method™

Toshiaki HIYAMA, Toshio TARAHASHI
Yoshiro OHUCHI, Takeshi SUZUKI
and Akira KAYA

l. Abstract

Nitrogen in plutonium and uranium mixed oxide has been determined by
several different methods. In the classical Dumas method, nitrogen is mea—-
sured volumetrically. Other procedures are modifications of the Kjeldahl
method in which nitrogen is converted to ammonia. All these methods are
accompénied with the same problems in which the analysis takes usually 2 or
3 days with waste solutions generated. So far, the authors have tried to
determine nitrogen in PuQ9-UQy mixed oxide with an improved dry process, in
which an impulse furnace is used to heat the sample in a graphite crucible
under a herium atmosphere.

Nitrogen released from the sample were separated from other gases
(i.e., a large amount of carbon monoxide, very small amount of hydrogen etc.)
by a combination of original two moleculer sieve columns and pre-cut system.

Separated nitrogen was then detected on the basis of thermal conductivities.

2. Apparatus and Analytical Procedure

A part of the improved HORIBA Model 11205 was installed in a glove box.
Schematic diagrams of the apparatus and the operation procedure are shown

in Figs. 1 and 2, respectively.

* Presented at the Fall Meeting of the Atomic Energy Society of Japan.
(October, 1982).
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Fig. 1 Schematic diagram for nitrogen analyzer
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Fig. 2 Operation procedure
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3-

Detection limit 0~ 1,000 ppm

Reproducibility : in case of
in case

Precision in case of
in case
4.

4,1 Effects of Sample Weights

1 ~ 100 ppm,
of 100 ~ 1,000 ppm,
1 ~'100 ppm,
of 100 ~ 1,000 ppm,

Detection Limit and Precision

Op~1 < 5 ppm.
Op-1 < 15 ppm.
ju—%| < 10 ppm.
[n—x| < 30 ppm.

Results and Discussions

In order tc determine optimum sample weights, the authors investigated

samples ranging from 100 to 300 mg and examined nitrogen chromatograms.

The results are shown in Fig. 3.

In accordance with these studies, it was made clear that the most

suitable sample weight was 100 mg.

Fig. 3

i Sample weight
100 mg
i 200mg
L —— : 300mg

CcoO

e ——— e — —— e —

P o e - m—  — — i — L— S bl & — e ® E——— 0 — — o]

-
<l

|

J0sec

Chromatographic separation of MOX
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4,2 Reliability
The reliability of this method was confirmed by using four kinds of
standard steels under the same analytical conditions as those in the pre-

ceding section. The results were shown in Table l.

Table 1 Reliability for the gas fusion method

Nominal value results (ppm)

Standard
(ppm) mean g
JSS 366-6 9.0 9.0 0.9
JSS 023-3 39.0 37.4 1.0
J55 368-6 129.0 129.3 1.3
Jss 153-7 169.0 166.1 2.4

4.3 Reproducibility
The reproducibility of nitrogen contents has been studied by using
actual MOX (Puly = 2%) samples with the good results obtained as shown in
Table 2.
Table 2 Reproducibility of the results

obtained by the gas fusion
method

N found (ppm) mean and ¢

23.9
25.0 n=15
24.1
22.1 X=22.8 ppm
26.8
21.4 ¢=2.1 ppm
23.3
20.5 C.V.=9.2Z
25.5
19.1
22.6
23.7
23.2
22.6
19.1

Sample ; MOX (PuQ2z =2%)
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4.4 Kjeldahl and Gas Fusion Methods
To compare the kjeldahl method with the gas fusion one, two samples
with different nitrogen contents were used.
With respect to the results, no significant differences are observed

in the two methods as indicated in Table 3, despite remarkable differences

in time required for analysis as shown in Table 4.

Table 3 Comparison of the results obtained
by two analytical method
Kjeldahl methods Gas fusion method
MOX Sample
: (ppm) (ppm)
A
659 77+ 3
(PUOZ = 30%)
B
152 18 156 x7
(Pu0, = 2%)

Table 4 Comparison of the time for two analytical methods
Kjeldahl method Gas fusion method
. 1=2days’= 20hours
Extraction = 30seconds
(acid dissolution)
‘= 2hours ‘= 10minutes
Measurement (spectrophotometry) | (gas chromatography
- TCD)
Total 2days 10minutes
Precision =107 = 5%

Detection system for nitrogem in Pu0y-UO; mixed oxides was established

5. Conclusions.

by using the improved nitrogen analyzer.

Main improved points and results are as follows:
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(1)

(2)

(3>

(4)

As MOX pellets contain oxygen, a large amount of carbon monoxide
was formed upon analysis, leading to the attachment of an original
pre—cut system to remove carbon monoxide. The pre—-cut system  pro—
duced sharp chromatograms of nitrogen and prevented the column from
being damaged.

The best accuracy and precision were obtained when the sample~to-
flux mixing ratio was 1 to 1 (100 mg to 100 mg).

The gas fusion method was superior to the kjeldahl method in rela-
tion to accuracles and precisions.

As to the gas fusion method, time required for analysis was about
10 minutes, and, further, it decreased the amount of wastes and

personal exposure,
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4, AUTOMATED TITRATION SYSTEM FOR PLUTCNIUM PRODUCT ANALYSIS

OF REPROCESSING PLANT

JUNE 1985

K, ONISHI I. WACHI Y. KUNO §. TERAKADO

T. HATAKENAKA X, KURAKATA

POWER REACTOR & NUCLEAR FUEL DEVELOPMENT CORPORATION
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AUTOMATED TITRATION SYSTEM FOR PLUTONIUM PRODUCT ANALYSIS OF

REPROCESSING PLANT

ABSTRACT

An automated titration system for plutonium product
analysis of reprocessing plant based upon AgO-Fe (II)-Cr (VI)
method has been developed to eliminate operator bias.

The system is designed to load up to eight cells.
The system consists of potentiometer, titrator, buret
changer, controller, manual controller, CPU and plutonium
titration unit including sample changer, washing device,
and four arms for pretreatment and titration. Each unit
can separate easily into smaller units so as to facilitate
maintenance. The available command code from CPU allows
controller to set up sequence control i;gic for operation
such as setting arm, changing cell, titration, washing, etc..

The first two cells containing control sample are
measured to check the status of the entire system by X-R
control chart method prior to the next six plutonium samples.
At pretreatment position, plutonium is oxidized to
plutonium(VI) by adding a small amount of argentic oxide.
After the excess argentic oxide is decomposed by sulfamic
acid, plutonium(VI) is reduced to plutonium(IV) by iron(II).
The excess of iron(II) is titrated precisely with potassium
éichromate solution at the titration position. Those
operations to add reagent or to titrate plutonium are
performed after the arm including delivery tip or electrode
is set. The electrode and titration delivery tip are cleaned at

the washing position as the last part in a series of operations.
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The system software consists of three major programs
and five sub-programs. With major programs, the system
operations to standardize iron(II) and to measure control
sample and plutonium product sample are carried out.

Such operations as data evaluation and preparation of file
are done with sub-programé.

The syétem works satisfactorily for the analysis of
plutonium in the range of 5 to 20 mg. The typical results
obtained with this system on 10 mg of plutonium give a
precision of within 0.2% (l¢) and the accuracy is better
than 0.1%, The time required for sequential eight

determinations is approximately 3 hours.

Introduction

Potentiometric titration method is known as one of
the most common analytical method for determination of
plutonium content. So far several kinds of titration
methods to analyze plutonium precisely were studied, while
comparison of their procedures was discussed%) On the
other hand, automation of analyﬁical process of titration
has been considered to facilitate its operation?)
An automated plutonium titration system was developed at
the Tokai reprocessing plant to eliminate operator bias
without decreasing precision. The titration method for
3)4)was

plutonium analysis based on the following procedure

supposed to be preferable to design the automated plutonium

titration system.
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( Generdal Procedure )

i) Prior to titration for plutonium, iron(II)
ammonium sulfate solution(0.05N) is standardized,
namely that is titrated with potassium dichromate
standard solution.

i) Plutonium(III,IV) is oxdized to plutonium(VI) by
adding a small amount of argentic oxide.

iii) After waiting 5 minutes, the excess argentic
oxide is decomposed by sulfamic acid.

ir} Plutonium(vr) is reduced by delivering an aliguot
of iron(II)} ammonium sulfate solution precisely
after the base solution is changed to sulfuric acid.

v) Excess of iron(II) is back-titrated with potassium

dichromate.

The reason for adopting dichromate as titrant for the
titration process of excess iron(II) is to reduce complicated
processes such as standaidizing titrant on the cerium
method for automation.

The plutonium product tank is accounted approximately -
once a day when the plant is in operation. At each time
the plutonium needs to be analyzed. Therefore the automated
system is designed to be capable to load eight cells (two for
control analysis, six for plutonium product analysis on an
accountability measurement) in consideration of frequency

of required analysis mentioned above.

2. Bystem Description

2.1 Hardware
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A diagram of the system is given in Fig., 1. The
appearance 6f the system is shown in Fig. 2. The system
consists of titrator,buret changer, controller, manual
controller, CPU(computer, F/D, printer etc.) and plutonium
titration unit including sample changer and arms for
pretreatment. (Only plutonium titration unit is installed

in glove box.) Details of each part will be described below.

CPU
CPU consisting of computer HP 9816S (768 K bytes),

bus expander PS-9020, F/D HP 9121D, and printer Epson UP130K,

controls mechanical operations through a controller (GMACS 75228),

prints out analytical results, stores results on F/D as

files and indicates the status of the system by estimating

measurement results of contrcl samples.

Controller / Manual Controller

This unit controls sequential operations of each part
such .as titrator, buret changer, plutonium titration unit.
All operations can also bé controlled as semi-automated
operations with the manual controller. Command codes to
execute the operation of each unit are sent from the CPU to
the controller. Available codes allow the controller to
set up the sequence control logic, namely each unit carries
out prescribed operations complying with a specific command

code as indicated.

Titrator / Buret Changer

This unit consists of memo-titrator DL-40 (Mettler), six

burets and buret changer.

— 114 -



PNC N 8600 86—03

To simplify the unit for injection of reagent, the mechanism
of the unit is designed so that reagent of each buret can be
delivered at an injection position. During injection of
reagent, mechanics of changing buret is locked so that the
buret can not be broken if there is an error signal.
(Refer to Fig. 3)

Six burets containing the following reagents are installed
in buret changer which is connected with memo-titrator.

i) Iron(II) ammonium sulfate (0.05N) in 5 ml buret

#H) Sulfuric acid (2N) in 20 ml buret

i) Potassivm dichromate (0.025N) in 10 ml buret

Ir) Sulfamic acid (10%) in 5 ml buret

v) Nitric acid (5N) in 10 ml buret

Table 1 shows the experimental results on reproducibility
of delivering solution with a buret. Here, gquantity of
delivered solution with a buret is measured repeatedly 10
times by weight., Precision to deliver 5 ml and 1 ml of
solution using 5 ml buret are 0.03% and 0.13% respectively.
Required buret can be set to the injection position
automatically with available code from computer prior to

addition of reagent or titration.

Plutonium titration unit

The scheme of plutonium titration unit is shown in
Fig. 4. The unit is divided into five parts; the sample
changer, the addition device of powder reégent, the first
arm for prefreatment, the second arm for pretreatment, and

the arm for titration and washing.
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The sample cell is driven by Geneva mechanism, at the same
time the position of cell is indicated by position sensor.
The ﬁirstﬂgrm for pretreatment includes delivery tips to
add reagents of nitric acid solution and sulfamic acid
solution, whereas the second one has similar delivery tips
to add iron(II) ammonium sulfate and sulfuric acid. The arm
fsr titration and washing consists of a combination
electrodef a titrant delivery tip and a device to wash them.
As regards the addition of Agof* powder oxidant, eight cups
to hold and add a small amount of Ag0O powder are installed
on the conveyer of the addition device.

Each part is designed to separate easily in order to
facilitate its maintenance.

* Combination platinum ring electrode for redox

titrations; DM-140 (Mettler)
*+ AgO is prepared by the oxidation of silver nitrate

with potassium persulfate in alkaline medium (NaOH)

2.2 Software

System Operation

Main system operation for analysis of plutonium consists
of standardization of Fe(II) and plutonium guantitative

tiration.

1} Standardization of Fe(II) (Refer to Fig. 4)
The standardization of Fe(II) is carried out previous
to every plutonium measurement. The second arm for
pretreatment including two delivery tips is set above a

tared glass cell, and 60 ml of sulfuric acid is delivered

by titrator.
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Subsequently 4 ml* of Fe(II) solution is precisely taken

by another buret. Solution is stirred for a while after
reagent is added. After the arm is put back to where it

was, the other arm, the arm for titration, is driven to

above the cell, where sample, stirred during titration, is
titrated with Cr(vI). As a last operation, the electrode

énd tips included in the arm for titration are cleaned at

the washing position. The Operation mentioned above is
repeated for every sample and those data, which are evaluated

statistically, is put in F/D.

* This volume is suitable for analysis of 16420 mgPu.
The volume of Fe(II) is changed in accordance with
sample sizé of plutonium, which means the volume of
Fe(II) is usually adjusted for 20430% excess over the
stoichiometric amount on plutonium measurement.

2} Plutonium Quantitative titration (For 10 mg Pu of control
sample / 16720 mg Pu of product sample; Refer to Fig. 5)
The first arm for pretreatment being set, 5 ml of

nitric acid(5N) is delivered in a cell where solution is
being stirred. The arm is given back and the arm of the
addition device of powder reagent is set above the cell.

A small amount of AgO drops from the conveyer of the arm.

The cell containing sample and reagents is left for five
minutes with the solution stirred. After the arm of

addition device is put back, the first arm for pretreatment
is moved above the cell. 5 ml of sulfamic acid (10%)
decomposes excess AgO. The operation given above is repeated

for every prepared sample prior to proceeding to next steo.
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The second arm for pretreatment is set and delivers
60 ml of sulfuric acid(2N). Subsequently Fe(II} is added
so as to reduce Pu(VI} to Pu(IV). The titration arm being
set, Pu(IV) is titrated with Cr(vi). Lastly, the electrode
and titrant delivery tip are rinsed out at washing position.
The latter half of the operation is also repeated on all
samples. In the case sample is identified as control
sample, it is analyzed independently of other Pu samples.
The results are compared with control limits of X-R control
chart. Only when the mean value of two control samples,
which are loaded previous to measurements of plutonium
product samples, is in state of control, measurements of
plutonium can be started without intermission. The results

are put in F/b.

Program for Operation

The Programs prepared for the system operations are

as follows;

i) SET UP
Initial injection and excretion of reagent
solﬁtion for taking out bubbles §enerated in
tube is carried out.

i} MEASURE BLANK
Fe(II) solution is standardized in the way shown
in the operation sequence of Fig. 5.

iii) MEASURE PLUTONIUM
Pu product samples are measured in the way shown
in the operation sequence of Fig. 6.

ir) MEASURE CONTROL SAMPLE
Pu control samples are measured in the way shown

in the operation sequence of Fig. 6.
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v} FILE CONSTANT
Following constants are filed.
1) Potassium dichromate potency
2) Calibrated volume of pipettes which are used
for sampling on preparation of plutonium samples
3) Calibrated volume of flask which is used for
dilution on preparation of plutonium samples
4) Control limits for control samples
UCL; Value of upper control limit of X (mean)
LCL: Value of lower control limit of X
UCLRC; Value of upper control limit of
Rc(difference between measured
data of control samples)
5) Control limits for Pu product samples
UCLRP; Value of upper control limit of
Rp (difference between measured
data of Pu samples)
vi) 'FILE DATA
Required results are read out from files preserved
in F/D. Table of results can also be printed out.
ui) TABLE OF CONTROL SAMPLE
Téble of results of control samples including
value of mean, standard deviation is given.
Results of analysis of variance can also be shown.
viii) ANAL WSTD
Results of working standard measurements are analyzed.
ix) MAKE REPORT

Not only required results such as plutonium standard

sample measurements, plutonium product sample
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3.

measurement, standardized value of Fe(II) but also

accompanying information, namely measurement

condition, measured date, sampling volume, dilution

factor etc. are printed out in report form,

Analytical Results and System Reliability

Table 2 shows typical 16 measurement results of a
plutonium product sample obtained with this system. Results
are divided into 3 groups according to the differences of
sample loading on sample changer. (i.e. 1-6, 7-12, 13-17)
Table 3 gives the measurement results of the standard
plutonium samples which were prepared from NBS 949 on a
weight basis.

The results obtained with this system on 10 mg of
plutonium standard sample show a precision including the
error on sampling and dilution of within 0.2% (lo), while
the accuracy can be observed better than 0.1% on the
analytical results of control standard sampies. The time
required for eight determinations is about three hours.

The system started its operation using plutonium sample
in December 1984, since then no serious problem has occurred

on the system.

Conclusion

The titration system-allows the automatic titration
determination of plutonium concentration in the product
of the reprocessing plant in series. The automated system
makes the analytical section of the plant not only save

work but also improve reliability of analytical results.

— 120 —




FPNC NB8600 8603

Acknowledgements
The authors wish to thank SIBER KIKAI Co., Ltd and others

for their practical contributions in development of the system.

Referehces
1) C.F. Metz and G.R. Watérbury in I.M. Kolthoff and
P.J. Elving, Treatise on Analytical Chemistey Part II,
Vol 9 296— 309 & 352- 379 Interscience, New York (1962)
2) A. Benhamou, LA-TR-82-3 (1982)
3) J.L. Drummond, R.A. Grant Talanta Vol. 13 477- 488 (1966)

4) R.T. Chitnis, S5.C. Dubey, BARC 850 (1976)

— 121 —




PNC NB8600 8603

Table 1. Reproducibility of Buret

Results of delivering Results of delivering
5mg of Fe(II) solution Im¢ of Fe(Il) solution
No. gg}gCngg solution (g) | No. ggi?cgrgg solution ()
1 5.3234 ‘ 1 1.0642
2 .5.3277 2 1.0652
3 5.3267 3 1.0626
4 5.3251 4 1.0648
5 5.3255 5 1.0627
6 5.3272 6 1.0670
7 5.3268 7 1.0644
5.3222 8 1.0644
9 5.3267 9 1.0628
16 5.3252 10 1.0651
X 5. 32565 X 1.06432
o 1.75%1073 o 1.36x1073
Ccv 0.033% cy 0.127%

Table 2. Typical Measurement Results of Pu-product Sample

No. group 1 (g/%) No. group 2 (g/%) No. group 3 (g/%)
1 244 .51 7 244.63 13 244 .64
2 244 .93 8 244 .95 14 244 .47
3 245,52 9 245.28 15 244,15
4 245 .41 10 245 .23 16 244 .64
5 245.24 11 244 .43 17 244 .68
6 24510 12 244 .61 18
X 245,12 X 244.86 X 244.52

X : 244.83 $.D. = 0.42 C.V. = 0.17 (%)

Not significant at 99% lTevel among groups _

(one way analysis of variance)
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Table 3. Measurement Results of Standard
Plutonium Samples (NBS949)

STD. No.| date | reference vaJue‘(mg) measured value (mg) | factor™
1 12/25 9.70726 9.70550 1.0003
2 12/25 9.51321 9.52810 0.99843
3 1/16 9.50078 9.50173 0.99987
4 117 9.94583 9.96965 0.99760
5 1/17 9.53720 9.52922 1.0008
6 1/28 9.76470 9.78216 0.99821
7 1/30 9.01370 8.99107 1.0025
8 2/16 9.53062 9.55599 0.99734
9 2/20 9.45174 9.48028 0.99698

10 3/ 2 9.51888 9.52562 0.99929
11 3/22 9.50987 g.50713 1.0002
12 3/22 9.70807 9.69264 1.0015
13 3/22 9.32893 9.34655 0.99811
14 3/22 9.32802 9.33425 0.99933
15 4/10 8.95756 9.97140 (0.99845
16 | 4/11| . .9.09284 . .0 992146 - |.0.99686
17 _;4/18 T s.e629 - 8.85055_;-' _  0.99952
" mean | ”._-ﬁ.99913
":* 5-0¢;-;¢_7' 'Sn.00160
cv.m | o.el

_ “measured value

reference value
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\ expander GHACS controller
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Fig. 1. Diagram of Automated Titration System

Fig. 2. View of Automated Titration System
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Fig. 3. Titrator/Buret Changer

addition device of powder reagent

arm for titration & washing

first arm for pretreatment

Il @)
V) @
\\\\ \ s

o Q - ¢ position A

washing device Ty~ N ¢ f:::: ;
sample changer
drip tray 9 o .
/N
5 gL o ™ n
osition B A ~ o CEE —— =1 o_o
o o o sitrrdids upmgraryrs

position sensor

Fig. 4. Plutonium Titration Unit
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Fig.

(:}-——a-(j_ select program ;)

5. Measurement Sequence for Stnadardization of Fe(I)

set cell
at position B

'///* set 2-nd arm ///?J
~//gdd 60me of HzSOn///
add a11quot of. '
Fe(ll) - (4ma)

return 2-nd arm &
set titration arm
titrate with
K2Cra207

return titration
arm
wash electrode &
1trat1on tip
set next cell
at position B

: all of ¢* samp]es _
are analyzed?

culate G evaluaty
results
statistically

(gisp1ay results on CRT

put data in
F/D as file
|

/ return to @ /
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Fig. 6. Measurement Sequence for Pu Control Samples or Pu Product Samples

select program j)

i
set cell

at position A / finished?
Y
1

tfi set 2-pd arm //?
set 1-st arm /)7

/add 60mg of Ha2S04 /
add 3mg of HMOa /// I

z/édd a]i?uot of Fe(ll) );7
return 1-st arm & Ang)
set add1t10n device |

return 2-nd arm &

set titration arm
Z/titrate with K26r201///

1
/return titration arm/

|
l{iwash elegtrode &
titration tip
/// set next cell at
pesition B

Al of 0 or n"
sapples are

allof norm
samples are

NP

N

add 0. Smg of Ag0

wait for § min.

return add1t1un ///
ev1ce

d
add 1mg of NHzSOaU/// [Pu product sample]
]
, caTcu]ate &
evaluate
return 1-st arm /// statistically
!
move the cell to ; -
crs display results display results
position B / ( on CRT C on CRT
display massage
on CRT
put data in put data in
F/D as file F/D as file
stop system I [
/retur'n to @/ /return to ® /

* n, m; the number of samples n=2 (control sample)
ms6 (plutonium product sample)

SO N N N I
N
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5. DETERMINATION OF THE Pu/Pu+U RATIO IN MOX POWDER BY ENERGY-DISPERSIVE

X-RAY FLUORESCENCE ANALYSIS

VN.TSUJI, K.NAGAKI, Y.MARUISHI and T.SUZUKI
Power Reactor and Nuclear Fuel Development Corporation (PNC)

Tokai-mura, Ibaraki-ken, Japan 312-11

At Tokai Works of Power Reactor and Nuclear Fuel Development Corporation (PNC), plutonium
nitrate solution and uranyl nitrate solution recovered from spent fuel at Tokai Reprocessing
Plant are converted to MOX (plutonium-uranium mixed oxide) powder as a raw material of
nuclear fuel at Plutonium Conversion Development Facility (PCDF). At PCDF, co-conversion
process (Pu/Pu+U=0.5) has been adopted from the standpoint of non-proliferation policy. The
process named "Microwave Heating Denitration Process" has been developed by PNC, which has
many adﬁantages, for example, simplicity of process and little liquid waste.

Pu/Pu+l ratio in MOX powder needs to be determined quickly and precisely to take
information about the process inventry of plutonium and uranium, and to make sure of powder
uniformity. The ¥-ray fluorescence analysis is one of the most excellent analysis for the
determination because MOX powder can be analyzed without dissolving ;%f)Therefore, Pu/Pu+l
ratio in MOX powder is analyzed by using this method at PCDF.

The equipment used in the analysis is an energy-dispersive X-ray analysis system, made
by Kevex Corporation. This system consists of 3 kW X-ray tube in combination with secondary
targets, a Si{Li) detector {emergy resolution of 165 eV FWHM at 5.9 keV), and a X-ray
spectrometer.

MOX powder emits a lot of X-rays from the daughters of plutonium by itself, which cause
the saturation of the detector. Furthermore, a few differences of the particle shape of
powder affect X-ray intensity. Therefore, MOX powder is mixed and milled with cellulose

powder in an agate mortar for dilution and homogenization, and is filled in an aluminium

ring. Then, a tablet for measurement is made by pressing this ring.
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iy -

[
t
|
!
]
1
[
1
I
I
th-

{11.B4KEV XES 22 .08KEV> (11.B4KEV XES 22.08KEV>

Fig.1 Measured spectra (dotted 1ine) and Fig.2 X-ray fluorescence spectra of
self-radiation spectra of MOX MOX powder
powder (Pu/U=1/1) a UL b Pu L«

a U X-rays b Np X-rays

The X-ray spectra obtained from MOX powder are shown in Fig.1 and Fig.2. The directly
measured spectra contain a lot of interfering X-rays from the self-radiation. The X-ray
fluorescence spectra shown in Fig.2 are obtained by subtracting the self-radiation spectra
from the measured X-ray spectra. |

Pu Let and U Le Tines are chosen for this
analysis, and Pu/Pu+U ratio is determined by 55#
putting the measured Pu Lo/Pu Lo+l Lot
intensity ratio on the calibration graph. s0L
Repetition of the measurement is two times.

The time required for the analysis is about

(Pu/{Pu+U)) X100

45 minutes.

The calibration graph (see Fig.3) was
drawn by the measurements of five various 40r . , i .

, T o 40 45 50 5%
samples. The samples were prepared by mixing (Pu COUNT/{Pu+Uj COUNT] X100

MOX powder with U0, powder, whose Pu content . .
P 2 P en Fig.3 Calibration graph
and U content have been respectively

determined by chemical analysis.
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Table 1 Results of measurements on MOX powder by
(a} X-ray analysis and (b) chemical analysis

Sampte No. Pu/Pu+ll ratio Pu content/wt¥ U content/wt%
(a) 44.0 (+0.7)* (a) 38.1 (+0.8) (a) 48.5 (-0.4)

f (b) 43.7 (b) 37.8 (b) 48.7

(a) 48.9 (+0.6) (a) 42.6 (+0.7) (a) 44.7 (-0.2)
2 (b) 48.6 (b) 43.3 (b) 44.8

{a) 46.7 (-0.2) (a) 40.4 (-0.5) (a) 46.2 (+0.2)
3 (b) 46.8 (b) 40.6 (b) 46.1

*yalues in parentheses are deviation %

X-ray value - chem. value

deviation % = chem. valve x 100

- The results of Pu/Pu+U ratio were obtained from 20 samples. The deviation of X-ray
analysis from chemical analysis was 0.2 % + 0.7 % (ic"}). The typical results are shown in

Table 1.

The Pu content and U content was evaluated by the analytical values of Pu/Pu+lU ratio
from X-ray analysis, 0/M ratio, and impurity content in MOX powder. The results of the
content were also obtained from 20 samples. The deviation from chemical analysis was
0.4 % + 0.7% (1<) for Pu content, and 0.4 € + 0.8 ¥ (1) for U content. The typical results
are shown in Table 1.

The determination of the Pu/PusU ratio in MOX powder by the energy-dispersive X-ray
fluorescence analysis is the quick and precise method. Therefore, the method is suitable

for process control.

1) P.Diels, R.Lecocq "Determination of the Pu/Pu+l ratio in FBR fuel pellets by X-ray
fluorescence analysis" J. Nucl. Mater. 106 (1982} 115
2) M.C.Lambert, M.W.Goheen, M.W.Urie, N.Wynhoff "Close-coupled X-ray analysis of mixed

oxide fuels" Analytical Chemistry in Nuclear Fuel Reprocessing (1978) 322
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