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PRELIMINARY PROGRAM

SUNDAY, AUG. 26, 1984

SESSION t

2:00 P.M. ~PLENARY

TOPIC: OVERVIEW OF REPROCESSING AND WASTE
MANAGEMENT ACTIVITIES

H. Lawreski {E iva C
L. W. McClure IWINCO)
Bslgium — E. Derilleux (ELROCHEMICI
Canada = T, E, Hummery (AECL)

France — J. Cojture {Cogema)

Germany — R. P, Rand) (BMFT}

Italy — P. Venditti {ENEA)

United States — H. L. Srowne {Bechtsl}

Session Chalrmen: Iting A

MONDAY, AUG. 27, 1984

SESSION 11
8:30 AM. — HIGH LEVEL WASTE |
Session Chal J. L. McElray (PNL)

J. Lefevre {CEA-Francal

1. “Processing Experience with the Naw Waste Calcination Facility” —
A. P. Hoskins {WINCO} = Invited

2, Vitrification Experience and Projact in France” — C. G. Sombret (CEA}
— Invited

3. "The Nuclear Waste Glass Meltar — An Update of Technical Progress"
= R. A. Brouns, M, 8, Hanson (PNL} — Invited

4. "Status and Plans for HLLW Vitrification in the Federal Republic of
Germany™' — 3; Weasenburger, . Roth (KfK) — Invitad

8. "Process Technology for Vitrification of Defense Waste at Savannah
River” — M, D. Boarsrma ISRL) — Invited

6. "Solidification of the High-Lavel Liguid Waste from the Tokai
Reprocessing Plant”’ — K. Uematsu (PNC) — Invited

7. “Waste Canversion Approach for the West Valley Demonstration Pro-
Ject” — J. L. Knabenschuh (WVNS), J. R, Carrell (PNL} — |nvited

SESSION 1
8:30 AM. — CHEMISTRY 1

Semsion Chalrmen:  H, J. Groh [SRP)
L. Patarin (CEA-Franca)

1. “Electroreduction for the Plutenium Seperation in Pulsed Columns and
Mixers-Settlers and Comparison  with Chemical Separation” -~
:-l. Sc,hmiedar. U. Galla, H. Goldacker, M, Hailgeist, M. Kluth, G. Patrich
KK .

2. "Axial-Convective Phase Transport and Radial Mixing Effects in Pulsed
Flate Columns™ ) A. Merz, H, Zimmermann (KfK)

3. “Pulsad Plate Columns at High Dispersed Phase and Low Continuous
Phase Flowrates” — H. Schmidt [K{K)

4. “Processing of Graphite Matrix Nuctear Rocket (Rovaer) Fusls at ICPP*
— A. P. Roeh (WINCO} — Invited

§. “Nuclear Fuel Decontamination in Rasic Solutions™ ~ S, A, Ali (KfK)

6. “Tritium-Inveentories and Behavior of Tritium in Zircaloy Cladding of
Light Water Reactor Fuel Rods” -~ A, Bleier, K. H, Nagb {Kwu),
R. Kroebel, E. Sehneider (KiK)

7. “Corrosion Resistance of Zirconium and Titanium Alloy in Nitric Acid

Selutions” — T. Furuya, K. Satoh, K, Shimogshri, ¥, Nakamura {Koba),
K. Matsumoto, Y, Komori, 5. Takeda (PNC)

SESSION IV
8:30 A. M. — SPENT FUEL MANAGEMENT OPTIONS

E, L. J. Rosingsr {(AECL)
E. Ahlstrom {SSPB-Swedsn)

1. "Comparison of Used Fuel and Reprocessing Waste Disposal —
Technical Imptications” — E, Rosinger, K. Nuttal [AECL) — Invited

2. "A Possible Strategy Based on Direct Disposal of Spent Nuclear Fuel
— The Swedish KSB-3 Concept” — L, B. Nilsson, . Thegerstrom
{SKBF) — Invited

3. “Some Preliminary Results of the FRG Alternative Fual Cycle Evalu-
ation” — K, B. Closs {KfK), H, Geipal (BMFT)

4. “Environmental Impact and Risk Analysis of Direct Disposal of Spant
Fual as Compared to Reprocessing” — S. Vuori, E. Paltonen, J, Vira
[VTT-Finatand}

Session Chairmen:

5. “An Ahernative to Reprocessing: The Acceptability of Spent Fuel asa
Waste Form* — G. L, McVay (PNL)

6. "Radiological Pathway Analysis for the Nugiear Fual Waste Disposal
Center: Pre-Closure Phase” — K, J. Donnelly, B. J, Grean, J. H. Ges,
K. Johansen [Ontario Hydro}

SESSION V
2:00 PM, — HIGH LEVEL WASTE II

J. M, Pope {WVNS)
E. Merz (KfA-FRG)

1. “"Program to Develop a Method for the Removal of High-Level Waste at
West Valley™ — M. A, Schiffauer, T. F, Murawski, J. M. Pope IIWVNS] —
Invited

2. “Selection of a Reference Process for Treatment of the West Valley
Alkaline Supematant” — L, K, Holten, L. A. Bray, B, M, Wise [PNL),
J. M. Popa, D, E. Carl (WVNS)

3. “Design of the Referance West Valley Alkaline Waste Treatment Pro-
cass” — O, E, carl, J. M. Pope (WVNS), W. J. Kline (Wasta Chem),
L. K. Holton {PNL)

4. Calcination bf Metal Nitrate Waste — Parformance of a Fiuidzed-Bed
Cafcingr” — T, 5. Sridher {AECL) — invited

5. "Nuclear Waste Giass Composition Limitation” - L. A. Chick, J. L.

Swangon {PNL)

"Vitrification of Highly Radioactive Dissolver Sludges” - R. Qdoj,

D, Aheimer (KfA)

7. "Syswems Costs for Digposal of Ssvannah River High-Lave!” Wastg
Sludga and Salt” —W. R. McDonell, C. B, Goodlett (SRE)

Session Chairmen:

L

SESSION VI
2:00 P.M. CHEMISTRY 1l

D. A. Orth {SRL}
R. Krosbel (KtK-FRG)

. “Improved Purex Solvent Scrubbing Methods” — J. C. Mailen,
0. K. Tallent {ORNL) — Invited

2, "Chemical and Rsdiolytic Degradation in the Purax Process” —
L. Stieglitz, R. Becker {KfK)

3. "Investigations about the Crud Formation in the Purex Process™ —
E, Zimmer, G. Printz, E, Merz {KfA-FRG)

4. “The Impact of Technatium on Reprocesting Chemistry” —
P. D. Wilson, J. Gerraway (BNFL}

5. "Head-End Oparations in the Reprogessing of Natural Uranium Fuel® —
G. Alonzo, V. Pagliai (ENEA-lI1aly), G. R, Grant, D, G. Boase {AECL)

6. "Bench Scale Demonstration of a Caoprecessing Operation with an
Amidie Solvent” — D. Carlini, M. Cassarci, G, M. Gasparini, G. Grossi,
A. Moccls {ENEA-11aly)

7. “Influence of Gamme Rays lrradiation on SCC of Austenitic Stainiess

Steels” — T, Furuya, H. Tomari, K. Fujiwara {Kobe), 5. Muracka
K. Araki (JAERI}

Session Chalrmen:

-

TUESDAY, AUG. 28, 1984

SESSION v
9:00 AM. —LOW LEVEL, INTERMEDIATE LEVEL, AND TRU WASTE

Session Chairmen: T. H. Smith (EG&G Idaho)
T. Ishihara {(PNC-Japan}

1. "Operstional Experience in the Low Lavel Liquid Waste Treatment at
Tokai Reprocessing Plant” — Y. Nojima, |. limurs, K, Takeda,
A. Kawaguchi, M. Fukushima, K, Mivahara {PNC} — Invited

2, “Processing Options for Low and Medium Activity Liquid and Solid
Wastes” — R. Simon, L. Cacille (CEC)

3. "Processing and Certification of Defense Transuranic Waste st the IN-
EL" — K. B. MeKinley, B. C. Andarson, C, H, Cargo, T. L. Clemenas,
T. H. Smith {EG&G |daho)

4, “High T ure Slagging Inci
— N. VaNds Voords, J.
{BELGONUCLEAIRE)

B. “Treatment of Combustible Alpha-Waste Using Acid Digestion and a
Plutonium Recovery Process, First Results if the Active Operaticn of a
Dema)nstratiun Plent” — R. Swannen (EURDCHEMIC), H. Wieczorek
{KFK

far Alpha-Contamined Wastes”
Gijbels {SCK-CEN], L. Mergan



SESSION VIl
9:00 AM. — EQUIPMENT DESIGN |

Session Chairmen:

1.

2

0. 0. Yarbro {ORANL}
G. Rolandi {ENEA-Italy}

“ Advances in HTGR Spent Fuel Treatment Technology ' — N, D. Holder
(GA)

“Davelopment of a Continuous Dissolution Process for the New
Reprocessing Plant a1 La Hague® — M, Tamero, P. Auchapt, L. Patarin
{CEA)

“Process fmprovements to Uranium Solidiflcation Process by In-Plant
Tasting” — J. A. Rindfleisch (WINCO) — Invited

“Plate Performance in Liquid-Liguid Extraction” — R, P. Wedkins
{EG&G Idaho)

*a Pump for Mawering High-Level Waste and Glass Farmer Mixtures to
an Electric Malter”” — H. T. Blair, M. E. Patersen (PNL}

*“Hydraulic Parformance of a Multistaga Array of Advanced Centrifugal
Contactors” — M. E. Hodges ISAL}

“The Use and Mixing of GeomatricallySafe Slab Tanks™ — T. A, Todd,
J. D. Herzag IWINCO)

SESSION 1X

Session Chairman:

1.

D. W. Rhodas (WINCO}
J. Mischke (DWK-FRGO

“Qrigen 2 Colculation of PWR Spent Fuel Decay Heat Compared with
Calorimeter Measurements” — F. Schmittroth (Westinghouse Hanford)

2. “Licensing Dry Storage of LWR Fus! in the United States” —
A. B.lohnson, E. A. Githert, G, H. Beaman, J. M, Creer (PNL}

3. “Canadian Experience with Dry Storsge of Used Fugl in Concrete
Canisters” ~ J. A, Remington (AECL)

4, “Refinements 10 Temperature Calculations of Spent Fuel Assemblies
Whan in a Siagnant Gas Environmant” — C. A, Bhodes (USC),
M. J. Haire {ORNL)

5. “Storage and Handling of Spent Fuel at the Savannah River Plant RBOF
Facility” — A. J. Stapf [SRL)} - Invited

. “Owverview of the Fluorinal Fusl Storage Facility’’ — R, D. Denney,
K. D. Figlding, W, K. Anawalt, D. V. Toomer (WINCO}

7. “The Management of Spent Oxide Fuek; The Environmental érd
Radiological Etfects of Alternative Approaches” — A. G. Duncan
(UKDOE}, A, Martin [UKANS}

SESSION X

2:00P.M.—LOW LEVEL, INTERMEDIATE LEVEL, AND TRU WAST Il

Sesgsion Chairmen:

1.

J. Blornake (ORNL)
P. Dejongha {SCK/CEN-Belgium)

“QOptimization Studies Concerning Volume Aeduction and Conditioning
of Radicactive Waste in View of Their Storage snd Disposal” —
P, Dejonghe {SCK-CEN) — Invited

"Study of Waste Management Strategies Which Minimize the Long-
Term Risk; Waste Streams Marging” — H. Dworschak, 8. Hunt,
F. Mousty {CEC)

“New Directions in Liquid Waste Treatment” — D. Alexandre (CEA) —
Invited

“Joint Underteking of a Bituminization Plant for Low and Medium
Activity Liquid Waste at Tokal-Mura” — H. Miyao, §. Hino {PNC},
A.Sakuma, T. Nakashima [JGC), J. VanAverbeke (BELGONUCLEAIRE)

*Low-Level Waste Management — Suggested Solutions for Problem
Wastes” — W. H. Pechin [ORNL), K. M. Armstrong (Moundbab),
P. Calombo (BNL}

SESSION X
2:00P.M. -~ BREEDER FUEL REPROCESSING |

Session Chairmen:

1.

R. E. Brooksbank [Bechtal}
K. Usmatsu [PNC-Japan}

“REast Breeder Reactor Fuel Reprocessing in France' — M. Bourgeois,
J. LeBouhellee, R. Eymery {CEA) — Invited

“Fast Reactor Reprocessing Technology In the United Kingdom® —
R. H. Allardice {UKAEA) — Invited

*“The BRET Projeet Description” — C. A. Burgass [Westinghouse
Hanford}, 8. A, Meacham {oRNL} — Invited

“Reprocessing Experiments on FBA Spent Fuels in CPF™ — K. Uematsu
(PNC] — Invited

“LMFBR Fuel Reprocessing Concepts” « G. Koch (KfK) — Invited
“A Proposed Pyrometallurgical Process for Rapid Recycle of Dis-

charged Fuel Materials from the Integral Fast Reactor'” — L. Burris,
M. Steindler, W. Miller {ANL} — Invited

“Design and Development of Plants for Reprocessing of Fast Reactor
Fuel” - P, G. Sebvargj, M. Venkataraman, G. R. Balasubramanian
{RRC-India)

SESSION XNl
2:00 P.M. — OFF.GAS TECHNOLOGY

Session Chalrmen:

1.

2

D. A. Knecht {WINCO}
R. D. Penzhorn {KfK}

“Qverview of US Airborne Waste Management Technology and He-
Quirements” — R. A. Brown [WINCO) ~ Invited

*Reglonal Patential Radiological Consequences and Their Variability of
Hypothetica! Accidents in a Rep ing Plant” — H. G. Paretzke,
W. Frisdland, H, Muller, G. Prohl (GSF}, H, Geib {AfA-Abt}

“Dissolver Off-Gas Cleaning for the German Reprocessing Plant — Pro-
bems and Solutions” — J. Furrer, K, Jannakos, A. Linek, J. G. Wilhalm
{KfK), H. Braun {FRG — Dept, of Interior) .

“Released lodine Undar Different Operation Conditions™ = K. Magel,
J. Furrer [KIK)

“A Stochastic Model for the Release of Radioactive lodine in the
Dissolver Off-Glas Cleaning Unit Passat” — H. Wenzeburger (KIK)

“Hydrogen Removal from Dissolver Off-Gas Streams” — R. J. Quaiattini,
K. T. Chuang, L. J. Puissant {AECL)

“immobilization of Radiocactive Gassous Waste Liberated During
Reprocessing of Spent Reacter Fuel” — R, D. Penzhorn, H, E. Noppal,
P. Schuster, H. Leitzig, A. Dorea, R. Kroebal {KfK]

WEDNESDAY, AUG. 29, 1984

SESSION X1l
9:00 AM. — EQUIPMENT DESIGN 11

Session Chairmen:

1.

2.

J. A. Carter (WINCO)
J. Couture (Cagama-Frence}

“QOperational Experienca with the WAK Plant as the Design Basis for
Industrial Reprocessing in the FRG" — W, Sehueller {(WAK-FRG)

*The Hemote Mpintenance Concept of the German Nuclear Fusl
Reprocessing Plant and Procedures for its Establishment” —
J. Mischke (DWK-FRG) — Invited

*UUPy Design Philosophy: Maintenance Within an Industrial Spant Fuel
Reprocessing Plant” ~ C. Barnard {SGN), F. Chanavier {Cogema)

“Remote Features of a Radioactive Liquid-Fed Ceramic Melter System’
— D, N. Berger, L. K. Holtan, W. J. Bjorktund {PNL)

“Hemote Maintenance Demonstration Tests at & Pilot Plant for High
Level Waste Vitrification’ - M. Selig (KfK} — Invited

“Intarim Storage Facility for Vitrified HLW*' — W. Hild, Y. Marchant
{EURQCHEMIC), R. DeBeukelaer, A, BeConinck (BELGONUCLEAIRE]}

“Automation of Nuclear Material Handling Operations* — R. Buagman,

7.
§. Herin {(BELGONUCLEAIRE}

SESSION XIV
9:00 AM. — BREEDER FUEL REPROCESSING I

Sestion Chairmen:

1.

W, D. Burch {ORNL}
R. H. Allardica {UKAEA}

“Fgets and Objectives in Advanced Reprocessing; A Challenge for
Multinational Co-Operation” — R. Kroebsl [KTK), P. Zuhlke (ATAG-
Switzerland) — Invited

“Experimental Results of High Burn-Up FBR Fugl Reprocessing” —
H. J. Bleyl, W, Ochsenfeld, H. Schmieder, H, O, Haug, D. Ertal,
L. Stiaglitz (KfK}

“Dissolution Behavior of FFTF Fusl" — D, O, Campbell, J. C. Mailen,
R, L. Fellows {ORNL]

“Solvent Extraction Flowsheet Studies with Irradiated Fuel from the
Fast Flux Test Fecility” — D. E. Benker, J. E. Bigelow, W, D, Bond,
E. B. Cagle, F, R. Chattirg, L. J. King, F. G, Kitts, A. G. Ross,
R. G. Stacy {ORNL)

“The Advancement of Remote Technology; Past Perspectives and
Future Plans” — M. J. Feldman, W, R, Hamel (ORNL)

“Pyrometallurgical Reprocessing of Carbide Bresder Fuels” —
G. Selvaduray {Scientific Services, Inc.}, W. Muller, R, Lindner (CEC)

* SPECIAL EVENTS «

Sunday, August 26 - 6:00 p.m.
© Hosted Poolside REception at the
Americana Snow King
Monday, August 27 — 12:30 p.m,
© Luncheon with a Speaker to be Announced
Tuesday, August 28 — 6:00 p.m,
e Western Style Bar-B-Que and Entertainment
Wednesday and Thursday
@ Tours
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IT—3 ©Pulsed Plate Columns at High Dispersed Phase and Low Continuous
Phase Flow Rates
H. Schmidt (K{K)
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M—5 Nuclear Fuel Decontamination in Basic Solutions
S.A.Ali (KfK)
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Fig., 1: Scheme of the complete Mo-99-production, including fuel recycling and
target fabrication, developed at the Institute of Radiochemisiry.
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IT—6 Tritium Inventories and Behavior in Zircaloy Cladding of Spent
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Corrosion Resistance of Zirconium and Titanium Alloy in HNO,

Solutions
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VI-1 Solvent Cleanup and Degradation
J.C.Mailen (QRNL)
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VI—2 Chemical and Radiolytical Degradation in the Purex Process
L.Stieglitze (KfK)
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VI—3 Investigations about the Crud Formation in the Purex Process
E.Zimmer (KFA)
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VI—4 The Impact of Technetium on Reprocessing Chemistry
P.D.Wilson (BNFL) |
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VI— 5 Headend Operations in the Reprocessing of Natural Uranium Fuel
G.Alonzo (ENEA)
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VI-6 Bench Scale Demonstration of a Coprocessing Operation with an
Amidic Solvent
A.Moccia (ENEA)
16RIFY b IFAWRYFRI—ATEBELAU/PudHERBROEREHRE.
PWR Trino REOEMNHRATHLE T A2O0KEILLEHLAIOTEROEY 2 1y
27 2ikE T ~{, N.N.dialkyl long-chain aliphatic amides®Ht# & L
THMHL &,
1) HBHEEKREE0F /¢, HABEET57./£ T8, RIFICEE, %Hﬁ%ﬁti@bﬁ
mObNED o,
2) U Pult33% amidic B OBMHUIBEREIBO T AT, 2 M) » 7TH
ERBOTHENT, PulBLAIdLEE Lah ok,
3) BAAEEAHALDO~D PueXid, 246Pud#H2%
4) chobDOERETIREC Plant TREEI &5,

Process U.Pu Refabrication

Cell — Cell

(one cycle)




VI—7 Influence of Gamma-rays Irradiation on Siress Corrosion
Cracking of Austenitic Stainless Steels
T. Furuya ( #5840 )
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Wil- 1

Advances

N.D.Holder,

W.S. Lessig

in HTGR Spent Iuel Treatment Technology

(GA Technologies Inc)

GA Technology Inc. THEEINTWwWALHTGRE, REHEOLR, ZeE0omLE,

P Y AOERTHE-RLIDTH S,

HTGRRHOFLEL, LEIBER = F — F AN Tnied, FO%EEREMOEF
Ey, RS -PBREIhA, COERKA—F—ABRETRERRIEC R D,
22 b Fy Y RUEEREOM ERER EIN, MEOE N T TICRT,

COMPARISON OF BUBBLING FBC AND CIRCULATING FBC FOR

TABLE I

GRAPHITE BURNING

-Bubbling FBC

Circulacing FBC

1. Superficial velocity

2. Carbon burn rate
(0.40-m diameter FBC)

3. Axial temperature profile

4. Heat removal

5. .Combustion efficlency

6. Cyclone fines recycle
system

7. Fine carbon burn rate

8. Filter fines recycle
system

1.0-1.5 mfs
40-70 kg/h

Uniform temperature in dense bubbling
bed. Temperature typically drops off
in freeboard regioa.

Separate heat removal required for
dense bed and dilurte freebeard
reglions.

Recycle of both cyclone and Eilter
fines required to achieve >99%
combuscion efficiency.

a) Mechanical feed system required.

b) External fines recycle pipe
heating may be requirad to avold
exezasive bed heatr losses.

¢} Erosilon and plugging of pneumatic
Eines recycle pipe can be a
problem.

Fine carbon recycle rate and gen—
eration rare mst be carefully
balanced to avold accumulation of
fines.

External mechanical feed system
required.

3.7-5.0 afs
170-225 kg/h

Uniform temperature throughout
combustor helght.

Single heat removal frem any sectio
of combustor controls temperature.

Continuous recycle of cyclone f{ines
through nonmechanical seal. Filter
fines recycle can. further {lmprove
combustion efficiency.

Contrinuous recycle of cyclone fines
through nonmechanical seal.

Continuous recycle of cyclone fines
through nonmechanical seal.

External mechanical feed system
required.

WMi—2 Development of a Continuous Dissolution Process for the New

Reprocessing Plants at La Hague

P.Auchapt,

L.Patarin,

M. Tarnero ( CEA)
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FIGURE 1. CONTINUOUS ROTARY DISSOLVER

Second Industrial Prototype. General View



Vi— 3 Improvements to a Uranium Solidification Process by In-plant

Testing
J.A.Rindfleisch {WINCOQ)

FeezCH L, EBEEXEEELO NS SAdgk Uik, BRICHIZRERL BB

BT LNAERENw, 2O LY ARBICE, In-plant testing 3 fEE %5, Idaho

Chemical Processing Plant (ICPP) TH, v BB rt2R¥EL, In-
plant testing®fioT\wh, LLTRITOHFRLARTIEY 7+, $H%E, E2lErH
LIt AR AEBRRVEEFHORBRICOWTREL T S,

WM—4 Plant Performance in Liquid-Liquid Extraction

R.P.Wadkins (EGS83 Idaho, Inc)
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i
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Under Plate

Figure 4. Diagram of nozzle and perforated plates ghowing how the

organic phase is trapped under the nozzle plate but not
the perforated plate.
A Pump for Metering High-Level Waste and Glass Former Mixtures
to an Electric Melter
H.T.Blair and M.E.Peterson

v —0ORR, ROSEEOR Y 7HEZE230LLTEY,

air lifts

centrifugal and turbine pumps

positive displacement rotary and reciprocating pumps
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air-displacement pumps (ADP)

electromagnetic pumps
%%Kﬁ%%ﬁokﬁ%,m®%%#%%hk;_r

(1) ZRIEEX 2-way S+ FHEDAir-displacement #> 7 (ADP)IK L H, #5
ABREC7) v b, VY BIRE T2 2202 ) ) 2 ELBREEREERAERO R
FOBREEEH Lo 9~180L 2 OFEMT, 1,000hiChik > THIEINir,

2) 2BR=T7—-Vv ik, BEBEOBAIRY Lk, BEOELES 2+ ~NTK, 2
NTRKIAYENTHELERS BADK, BEEVS AL OEELBH TS 21EF0
Ky THRERICE B,
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W—6 Hydraulie Performance of a Multistage Array of Advanced
Cenfrifugal Contactors
Michael E. Hodges (SRL)
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Shaft to
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FIGURE 3. Advanced Contactor

Wi—7 The Use and Mixing of Geometrically-Safe Slab Tanks
.T.A.Todd, J.D.Herzog {(WH Idaho)
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HRRBRETT o o



RRRE YR IYRO 2EEORKI L TiTbhi, B—HO»L{BARTT -
T, IMBONCBAREREHHMOBXE R Y 7 TiTofc, TOMRE, 2FHF0T T
— S TE-EANMN BARTSTLEC L, KEHNENBECR =T — YR SLCT
BEOSLHTE, IPERTRE—HOHEOH  BABERL2D L, {RARMIT
BRELEROBPHTCH L L ENHAL A,

F, PLBABKOWTHENEE T, B 28 AL CO2ERERICL (A

L7,
%]
nap
AN
Tank C
-
8 nap
ey
on
2
-o? L N\
& N
p 2 (RT] S p
i i s \\
1 1
I H by
Pl a ] 2 RN CRRTIT T
i 4 H 5 laf - — ° °
-2l i 32 Tauk A g U 8 & -t
HEEI R . et
] ,:': e
i N M.{‘v o Losp B
174 K =7 Tank I
. R
-~ L
I L‘/ 1, L L A L ] 1
5 10 15 20 25 E 7% ] 15 50
Time {Min]

: Flgure 3. Gensily vs Time for Tanks 4 Bl d C.
Figure 1. Three Tank Series Manifolding Arrangement. = e & B am



Session Xl Equipment Design I

— 49 —



XMI— 1 Operational Experience with the WAK Plant as Design Basis for

Industrial Reprocessing in the F. R. of Germany

M. Schiiller (KFK)

BEHRWAK -S4 r v b 75 v OBERERYVE 2 —F 5,

WAKZ' 7> M2 1971 FERBFIh, ThETKIIEOF v+ »X—rk, 9HODA
YE—F =R BYE  REREERCEA, COBERBHEOI DEL D
Dk

o W BHIEE: PuBREORE

chEEI VR v 2 —-ORE

CPuE2 A 2 A~ OBRMEBORE

s 4 v E—V 4 2 NVEREBEORH

c BT ARV RT A, ROBEEBOTHR
TH b,

WAK OBEMIERE 9E£ (T2 1HOBEE) T, 2F—aYx 7y P~OBEINABELK
P, R, TOME, trEBESELCEBEOTE LoD 7Y Tl TOREA
fibhic.

XI —2 The Remote Maintenance Concept of the German Nuclear Fuel
Reprocessing Plant and Procedures for its Establishment
J. Mischke (DWK)

Eﬁf%@¢@ﬁﬂﬁf??bﬁﬁ@fu,ﬁﬁﬁ%@ﬁbﬁﬁﬁf&m107®7u
R VAT AR, V.7 -EAFRNERATHETETS 5, COFBRK, REEXLNO
RIS » 2 %EGEBL, TOFCEBE > H—F 2 1 FHRETHLEWITF Y barte?
MCHR ok PROBTERREFRUEEY 2 —ATROADOICHBHEBOB( AR—2 L%
5o

7ot 2BROEBCPHRTIBEOVITY M 2ERETHAHOHXRBRIBRIN, A
BATbhTwbd, CZTREBHEBRITOR, TH2WEENEILEIN,

MI—3 UP3 Design Concepts :

Maintenance in a Commercial Reprocessing Facility



C. Bernard, F.Chenevier (SGN, COGEMA)
La Hague KEBHERHDO 800t/ y DUBENEHOLWRELE TS~ UP 3 OHt
BETHNLTw B,
UP3 CTHREZZFHEFEEZUTO2ATS B,
o AABBRBEL 0.5 rem’y RFlcE 3 4 5,
o FFrIrHRMCbi VBBHEXEIET S,
. BHEEWHECHALRAD
UP3 kit &%
CEEEERBLCEP - TREXALOMI 2002 Y %81 5,
CRFRLFATHLZ LI 1 D0 ¥ EBIT 2,
R1OSY Y EAWEEE, 20 ) YR e vBEETHE, BFEROES S, HAuS
FORMBIL IV ABRETRIIANL I 2 v 2T A0ERINA (BR ),
2. ZEBEOEHK
T2 OREER T rex, BEOGHEKLETS Y, BT,
EEHAE T VOWEERBEL Yy — <1 3h, TORERERAXAEF Wkt
R LN Tn B,
EAERICRFET 2 N 800D, BEWLRET 570, kb2 EBREHTETS
STHIHRLBRYBEELB EI L L BLEBETH B, TOAD
CHABH, B2 ) —REBW, T==25—»Axp5as
ORVT, NuT, 7 REORRE
KL TN AT —nORBETOILHIK, Zr v ) avxF—rEBOHLnHES
Mt et E Dbk v 2HERThhik,
TR, BURBRO 27 r—RAY2 %R DLy, —BOBBEDO I 71
LhY&7reridishut down ThHO%EITZ % ¥, Redundoney i/ Tin 5,
3. B |
RFALTO 2@E AT TEL B,
® Normal maintenance  (FHINTK BEF)
® Exceptional maintenance (FBADI 7 71Kk o THhEL % B R5F)
UP3 Tl normal maintenanceﬂ5X10‘2Oi/nfl‘;LJ:@ﬁ§$@%mf@5§@?.
T b,



(==
BLAERBREROMBLMEEETAMRICL VELR TV 2725, BEERYT, ¥
BRBOTEZHIDVETS 5,
(il Standard Process Equipment
By, AT, V28, 74 NMEEOHRIEY s - EINTW D,

MERC (Mobile Equipment Replacement Cask ) 2 YITh AHHBARNKHR R
T AR b,

MERC 2 2 B3 5,
@D HBHAEZEBBEOIO ~XFAF1v 7 TN
@ v NEE " ~
1200%F+ 2RI 2OOBBTIHTELAD, RRAETEHOF ¥ 27 £}
) ¥ £IT k> TATHE
il #®Remote Maintenable Equipment
AN, (REES, ArE—, BB~V Py sy RFaEdI/v—y, v=Ha
b & — TR MIGBA TR R AT RET S, TRINAMEE MERC THH
TN b,

B XA, r— o 7 EBIFIRT AR €AY} 3 FFRARDR,
mAasnb,

Sy
ik
H
Ll
' % .| Gripping 5
.§ ﬁ} device fuy
T

Fig. 3 Positioning of MERC Fig. 4 Removal of Fig. 5 Transfer of
) equipment equipment
MERC (Mobile Equipment Replacement Cask} Operating Diagram (Hatch type)
— 53 —



Reblécement
equipment

piwm —= Falled equipment
© s it is removed

Fig. 6. MERC Revelving system

MAINTENANCE CELL--W MAINTENANCE CELL

SHEARING CELL

IN-CELL OVER
HEAD CRANE

CRANE MAINTENANCE
CELL

= FUEL FEED CELL

POWER MANIPULATOR. /,//; -]

SOLID WASTE
OUTLET

* T{LTING MACHINE

STORAGE POOL
DISSOLUTION -

JIS CRANE—" v

HULLS PROCESSING

ROTARY DISSOLYER

FIG. 7. REFERENCE LAY-OUT FOR REMOTE MAINTENANCE CONCEPT

— 54.—



XI— 4 Remote Features of a Radioactive Liquid-Fed Ceramic Mel ter
System
D.N.Berger, L.K.Holton Jr., W.J.Bjorklund, R.D.Dierks
and D.H.Siemens

Battelle PNLiE, ¥ > bz —FD300 ) ¥O AR, LA
BBEOHZ ZRENCOADOS4 1y p Ry —rDRadioactive Liquid-Fed Ceramic
Melter (RLFOM) v 272 %8kLA, Thid, BE#ERX€tZI v 2 42—, *
Y2 AE— R =TT, HFAVRABBYRF L, TVVYRTF A, BEERE, A7
HARUE, BREMLBY AT 20bEBRIN TV DS,

COYRT L, BRAERBE TR, EREFEE, Frexfifi, Arvz—2%0
OZEBROBTEHORR, 7ot AORBEHEORE, HFWET — 2 PEEIFHOME
HORDHDTHEEINLEIOTD S,

1. Ang—

B1CHMELRT, B ATRE, A——T 00— THFx+=R2—RKHET T 5, Ik
HBEsiCe—2TMaINTWwE, HZXORTFTRzT—VZ rCTarir—nZ
hbd, A 2—RCERBEERAY A7 (BTER) BEOLDOT LR TH 5,

2 FrERE—R—vF—T N

LDA—vF—TAE3 XYY s Y OREROIOTH B, T.LEHOE H KEERT S,
MBEFRT > v s A—F2—THROOLIED, ILEIDOFEOERICE YV DIFbhAR
2 BRED “CofiiT, +-r° ORETHENRD b b,

B—rF—FARE, F+=R2-OFA -WMHBLONR1IDE, H7RAEAFLHRL
oY, HICHEBI THEHIHRTEEE & o5 Tw b,

3. HFrrvARALBHEYRT A

%+:zﬂ—@f—ﬁ-7n~&%¢?%kb@%@f,#+:zﬂ—m®ﬁ§xv
~ArEAETAROIC, 2y ) - BREOTIK, BEECEEINAL 1ADH <
BHRES L THHEO 300001 CofREL A LBHEEINT S, SHLIFHEMBIC, AL
BREBETRANT, BEAIRAFIZAALO WQ0sdRHL, A7 XvAriMbr L i
T& Do

HMEHE2ICr~T,



Refractory
Thermowell

TV Viewing MNozzle Mozzle

Feed
3 . | >
Glass Tharmoewell Nozzle Nozzle Oif Gas
Nozzle

Plenum
Air Lift Nozzle

Lifting Bails

Discharge
PO !
Section Lid Free Nuts Bulting
Lid to-V:esel

Diszcharge

Section Electiradla
Healers Connector
Bilock
View and

Sample Port T~

Discharge
Trough

Submerged
Discharge
Throat

Riser Air Cocled Electrode

Borgsilicate Glass
Discharge Cone

T Liquid Metal Seal Weir

E 1 RLFCM Sectian



Movable 59Co Source
5-1/2 in, Wide

Thimble

Canister. Being Filled

Gamma Detector
Line-cof-Sight

v Lead Collimator

Mal Gamma
Scintillation
Datector

¢ Concrete
Cell Wall

9L ey
90§6— Full Level—y-g

Detector Lavels 68 o
in from Canister g{—-r————La
Bottom ! !

B2 Plan and Elevation View of the Glass Level Detection System



W[—-5 Remote Maintenance Demonstration Tests at a Pilot Plant for
High Level Waste Vitrification
Selig

PAMELAZ 7 ¥ } ORBEMO DK, FRWBET 27 » 7HBZINA, BER
BROMIK, INTOTmexBBE, BLAYOA1 751 v AEBTR OO, Rbi
TULBEETOR e, RBICKE, F——~ s FIU—2 7 o Do b g Hn bh
o Z2V—>7 v JOREEERTHBETAFRCL D, BRBESREL LTOIL—2
DL B REE L 72,

?&1@%%:%9ﬂ—@@ﬂowkﬂbﬁfbwu,%%4yﬁﬁhvyf%ﬁmko
COEY 77 » THRTE, 3WED A 72X 402 %Brrfh, ESDT 5 7 —
1vad2 2—PHACHARE LABBRBA42 23 Buni,

ITRTOEBHEFSM, PAMELA 5 > POGRIEEBLTWB T EBbh ok, Rin
TPAMELAZ Z v 2B LAT— 2V VOERE I ny } 75 > b'@‘?ﬂ“%ﬁiﬁbﬁko '
CORT, LB LEZBREZAROLN, RIBNABE TS oA B~ F—2 1
=72 TV R — L BNTRO L S aHERHE LR

Handling Devices Time Factor _'
- Electric Master Slave manipulator 1
= Overhead crane with telescopic mast 2
- DBridge mounted power manipulator 2.5
— Overhead crane 3

BEOBE e BBETHIRIE, FIZE, AL 2—OREBS 1 v vB LT L — 2 — il
AL, Zv—rAREIEhTWA,

TVAASOUBTRIRAFE, BEREOE2~3nOBORRTH L2 L 5bd o
o BEXS, 7o vaFNaRsr—, BERIF L F—SOBRERIZ, THHOTV v =
FARELRMLETS B,

XI—6 Interim Storage Facility for Vitrified HLW
A.O.sipenco, W.Hild, Y.Marchant,

R. De _Beukelaer and A.De Coninck



1 #5 xECEOR B R

#5 0T HERL, TORBELAST S5E, 1983 FLBRIHKIN, 1985
ERVNCTEROTETD 5,

RAFYVRARAF—ABEBEOTEZ, NAFE2985m, £F1,200m, MHIPELE
1,140 TZORIRHAF AT ey 27X d Vitromet RTEEIN 5,

HI3R7m v 70OBE, BEBERIT80ky, HF7XEEX 165k, FEABUHGER
16600Ci, RABES5WTH A, Vitromet DBE, ERF/EREIL100ky, 7
AERIZ100ky, HESER320ky, RAMHEE10,0600i, RREIIWTS 5,

FEAERIZ1L500%F, ¥ 252, BMEM6E Yy}, 1 BORKEEAFEH
A, #5x7a»2T4~52&, Vitromet T7T~8HRTdH 5,

FEESE, PAMELA 75 > FCBET BN T, #tH20BBIER, &S
33.4m, M122m, B 20mTd b, BRI, THALK—1, BEF—, FEE
BT AT B Tw 5, FEetrOEy P ERORABDO > 2 ) — 75 72 534
T, Yo FEABRIEFLATETS S, HHABHES TS 5,

2. B B
ITAMBE, BERAsr7, BRESR, @&Frr=xz2, 2v—>rThh,
Bl 1B TS 5,

3. EEXR

BILABS, BEsr <2, RO M LES BETS > bh—a, h—n, Fler
i, BROTEERDLIOL LTHRFINTwE, BBREAPAMELAY 5 > + THR
L, X3 ¥—FR+3ND, BEF+ X7 PBRABHLIECPREORELF LT
B, BREALERE EE, BER—2ONY » 7 b THibh b,

Cy METVH A7 TREDIAER TS S, LRELEY » PEEOHLARTS 2,
BHESPESICHELELABE, BRBAAMSIKWOL 2T, w1EBE6 ARIK80T,
9 BRI 90TCIKET 54, BHFHCETHEZRATD 5o

— 5O —



Trans fer hall
Transfer of the flask

Trans fer flask

NI W
l\ oo
_g\ i :
ransferw A :
platform {5770 .. "|Storage
e T

!
v |pits E’

Reception hall |

Storage cell

M ' .
i ur | Glass containers
i ﬂp ?:.!.
\.. Transport cask |z o 7
- U PR v ,.:: T -":.,:‘ = ol RN __...
- - - '.‘;"' .. ! o " ! T T .

1 - Storage facility - Equipment



Session [ Off-Gas Technology



X[—1 Airborne Radionuclide Management, Decision-Making with Multiple

Oriteria

R.A.Brown fb
ENBETB, bRA~NEE IR 58K, 1271, ¥C,*H TOowTRI, FFET 558N
b HIBEHORMORE TS 2. |
KE~NDOHHBEBICOW TS Kr R 14 40CFR190IC L b AT T4 Y O*=
Y)—#H(Ci/GWe-yr) Lt WO BHFTHRBIN TSR, "ORUHRKOWTEE N,
EE, LTOBR» HHEEORE 21T o7,

oZu— AL EER (RE~NERREREEIDLDEI D)

o RMBEAHREE (40CFR190)

offgtt ##®(40CFR190)

o HrFEEE
ofF B
Uto8BLEArb, DOEDOHBZRLOWTHE LAER, MToSEwmrENR,
. ] 11 . .
oﬁ/%¢$®ﬁmm76 ﬁﬁﬁquééo

0100 FY EEELTY /0 — <L EEE~OBEE AV,

o BABMAWBBEIZDOE Order 5480 (500 mrem/yr) 2L &\,

o 8Ky, T, Y IKoW THEREE R v, H0REFEORERTD B,
SGIE R FME LT, SH, MC, SKr, 1] OHKHEELDOEOMRIE L THED
btz n,

XI—2 Regional Potential Radiological Consequences and their
Variability of Failure Events in a Reprocessing Plant
H.G. Parentzke fi

FABETHOREBREERCAIERICES 2HBRE TN 8000 BEOIRFEHGT
RonwTarve.—2BITLABREOMETH 5,

CDArEa— 2BITFREEOY S bOT -2 _—RBUFRGHE = — PMUSEMET,
BN T 0 5 ARCOSYSOFETF— A ESHTEHIBHEERRE /7 A
BAMBUS i€ & b T o %,

CORER, WHORegulatory Guide o T HEINARE 7/ 21— 7 OBEABHERK



BHIIOEREBFTRDOWT, BRFMHTHLEEHHLLLE % ok,

XM—3 Dissolver-Offgas Cleaning in the German Reprocessing Plant
— Problems and Solutions —
J. Furrer fth
BRAZHAENBETLIHHO LY — v v 25 A PASSAT 2T T 24200CA T H =
YallV—¥3 R WAESCHE 26% 3 h, 1983 FKRe0EABRMHBINA, &
R ORBBRICOWTOMETD 5,
WAESCHED 7' = t A BRLUTOED TH 5,

Fiber Mist
Eliminalor
Wave Plala p'n
o2 Separater B
Ol [ e
Bod
Cooler
& |
Pissolver Cooler NOg-Absorption
Column

Fan Cooler Hepa todino loding Hepo Filler )

Fitter il Filter I Fiter |

WS
. Fig. 1 Flowsheet of the Dissolver Offgas Simulation and Treating Facility
{WAESCHE - PASSAT)

CRETORRERLOUTOLERALNE % o7,

© NOyRZZA—QzTrSARCHTLIEEXNERDTIOEZHULETS S,

¢ TTRYAONBABBHLNE & o7,

o S v—2ORBHRELTRERL A,

0 IRPEYIFZ—Z2—OWEHEITS00UETH B,

0 BURT 4 NMA—DOREVDRLIN IS TS S, (BE50—-60%)

0 VRT2LEEOTT okt THDFEBEEEERERET5X10% THEINAN,
10'OMBIK dBRICEREINTW B,



M— 4 Released Iodine Uuder Different Operation Conditions
Klaus Nagel i

PASSATOEBERKES VT, BRA 7 H AP0 v ZOEHLREEERL v —
AR DWW TR LemETH 5,

BERERET CARB 7 2t 20R~E 3 vERBEOHBEELCER L2V, &—
AME I LB I ATHBE S 2 Y RN e 0 ROBHEMEBELRETTHE & BT,
BR7 oA Lo TRESEBBINE, Db, S»FHRN(7.2mol ORI 1 - v
FAOREEAN, BEIHALTo k) L dosage of acid FA (3 mol OHERIK ]
Sy FHORBEEAN, BE, BEILE) TH, c—2FLFKCEFENT, dosage of
acid FXO I v ERMHEAH5.6/2 %0, ILK IFMBERBLOBRAERRE %5,

XI—5 A Stochastic Model for the Release of Radioactive in the
Dissolver Offgas Cleaning Unit PASSAT
H. Wenzelburger
PASSATR® T —#—3ELL T3 v ERBHINSTHEEIC DO TERRHI
HALAKEROBRETH S,
By 2T 22U TOLI KT AL L THTo o

A7 b v—#—H, v—2—H, AUET f NMF— T rS v b
| EEEE| |EEERE 2 & X _
80°C 130°C d=d(b,%)
BA 30T b AR
g M mE

X, WToroiEE® L.
@ FVRABEHRCOLIREL, BESME1IBESA) 8FHE Lk,
@ FYHRTAMFI—ORFFLS4X10°2 L, BRABEKZo7%D, BHIC1KX
B Lo
® FTOMOMEERD LS ICEKRE Lk,
ob—A—H,OfEHR ;=70 X10%h
ot —g=—H; 7 Ag="75 X103 p™

o F/BWD ¥ A3 = 6.85X 107"

65—



WEELE 4, BHAFTH 5,
cFYEDA 7 v bR 1L61X10% kg h
CNOORBFI L - THERHCHE LARREZRDBE I T 5,
© BEBACI->TRETIRAIvEE 3.82x107% kg
©) o Lo TRETATFHIVERRUBERE 1.89X10724£6.67X 100 ky
® A{FIVEIHBINEVTEEX 0985
X, ESMERT » 7HEKEL, BE04MLE, 2 000 HAL DL T
LEoke oT, TOYaIVv—Ys P -1, COMOBRESHERIEOD
HESTEWCERELNE % ok,

XM—6 Hydrogen Removal from Dissolver Off-gas Streams
R. J. Quaiattini (CRNL)
CRNLTR1979F L WAL 7OKKE-BERSPAMEORREEFToCE R, *
. OFER, RBERBERT <10y b 75y M HETEREECA4LH, - min - LY T14
HERBLTY 908U LOBREAGMENBONL VAT A%B%E LA, ABRTR O
MBBERORBERERLAVOTH S, UT, BEERT,
1. BEaRAOME
xR BEBEE(TIFF, 23V 04)
BL, FECIHEEET 2 CAhO K BRERERZ150~425T2 L, X
DIRBFHEN C (H<4%) ADRERAIZABLETS » 7,
ORNLTH, BER(<80C) TLAVERIXEZLEL LAVEHEYRT 2%
BRI DD, 19T9FELLFAKLA FOMBORS 2% L%,
2. Biks4 7 ORMBEOEET
°© BUKETAMIFKTSFFERMLAMBE T LEL EEBL T BERERLE
%, 998%L EOMESD B,
o ﬂﬁ&oAmfa%%m&&fﬁbt%wo
o PFFKHE LTHEPTFE (Polytetrafluoroethylene) 23 g
VU:—Vﬁﬁ%K$§%féD,ﬁﬁ%ﬂmmxbﬁmbfbiéo
°© JIFIORBEMRIX0.3%THB, ThE BNLTIPDBCEEILE W,
3. BHBRUMEROELSE




o FrorMBINAMEBERERBRETI~10KGy 2 T LIEERCEEL R VW,
o DOGHIREHMEZETHEING, NOKEFETDHH, 200ppm BT % EMERZW,
X, HI dEERLDR, ThdXKCBRIN LD THEZ W,
4. Ro&—nT w7
HAAODFENI T dhitnt RIRANCERENREC D, BEXELWBEEZRT 5,
0 EREIOm®#F&THE, 100L (STP) min?' I THRAHFTH %,
o HE660mD@AZ7LTH, 2F{ vpd, ALTAAZ7OTF 1 AP YE2—F—%

HAATZ L EID1100L (STP) min! 2 TEHEL2EENRITL A,

XM— 7 Immobilization of Radioactive Gaseous Waste Liberated during
Reprocessing of Spent Reactor Fuel
R. D. Penzhorn (KfK)
EHRTABLEERIORETLEYKr FALL7OEA T4 P 2BAWT, KEARRKK
I HEELT 2EMORRBETS 5,
BF, BE %L T
1. EERFH
[ Kr @ 30Ci (2L%8)
ZH {E T 300bar
LB E @ 520C (1A —1+2Vv—7")
EREHET TR, Fr—FF v 2 ARKEHERIRLINT, ~E%H 5 2R (@glass
bult) KT LT,
LI BABED M Xe DWW T A UHERER Ao
2. V2 u TR _
Koy b TATREEAIA ML X2 DH0.5C OBKr B 7J»7INFHE, B
2.5Ci $THIREL Bbh b,
3. MO (C0/CHy) D57
COs CH:O¥ATFA P OEEEEFXLIIAERT, oTCO,, CHs O}
59 3 BKr L[A—7 m e R THETDH S,
4. Fuk2OEHERHB
5£L(EX1000mm WESOm) ONBEMBIDOOne Way A— 27 V— 7 & MR



RBBRBERERBRL, 72207~V VT 27 BfTotk,
TOMR, ERBELEULER 287,
%%, One WayA— b2 v—7ORARLTORI TH 5,
o 7 H -k AHEM
oEATA PRy oy PERIMTHENRE N,
CWMERURBRASDORE, 2RV TER D,
°0 IR M HBHBEAEN,



Session Y] Breeder Fuel Reprocessing ]



XI—1 PFast Breeder Reactor Fuel Reprocessing in France
M. Bourgeois, J.Le Bouhellec, R.Eymery, M.Viala (CEA)

7 5 v AT La Hague TRapsodie DRE % 1k d THLBEEZHWO TSR, UP2
—~HAO TPhenix ¥l %, %/, Marcoule T3 Rapsodie ® KNK %25 L OBRK £
H3hhs, BEABRER->Tw b,

HEETHROZ e Y7 PEAKEILT2D23 5, 1 2d Marcoule®@® 4 rw b 735>
FE 5ty ICRENHEER L, Phenix Ofl, KNK* Creys Malville O8O —H1H
MBLISEFATORTu Y2 T, BIMETELZTOR—1 & LTHARRR L o
BIREFHEIT 5 TOR 2 2 mHEITEZEOTOR 3 &, #RkomFZOoWwEICLSH, TORT R
Y/ A 1985 FECABERBT ATFETD b,

3510, MAR—6002Ldhd7evz2tTho, COTT> M50 t/y T
Creys~Malville E FDHD 1,500 MWe FBROBRE ZMTEL, FE v+ 2OXEEE
O30 TH A,

EREFEABEICET SR &DHE, Fontenay-aux-Roses TD& » MEABRKTF Marco-
ule TOa—» FRBETHbOATW S, 7— <t L TEBMNILE, ERER WE
Ml R %, EEMABRSHDST ON 5,

XI— 2 Tast Reactor Reprocessing Technology in the Unlted Klngdom
R.H.Allardice, H.B.Hickey et al (UKAEA) -

) Z'C(fiDounreay Fast Reactor @%ﬂ%DounreayﬁMEﬁﬁﬁwf 1961
EMEME%%@(H%,PmunmgFmtﬂmcmpﬁk73yh%mﬁ?é%br
P BRBABOBRERA TR A,

B, REOBREEL S7v b=y saB{tEN SHPBHOESHEFICHIET L
BZEED DL ECTEROBEFICHIET A2, Toex, @BHROXFr—1T » 7EH
2 TnbETATH L,

T, ABRKELBOBRRE  EEETRIOABBRE YA 7 1r2K0a X M HMEEZTTo

Twnwh,

XI— 3 The Breeder Reprocessing Engineering Test

C.A.Burgecss (HEDL), S.A.Meacham (ORNL)



KE Tt Breeder Reprocessing Engineering Test ( BRETSE)%2FBR
BB R 75 A% OTnD, ChENHBEOBAEERZFFTF ICBET5FMEF
OFIIEY, FFTFREZBRLELLIIETE50TS 3,

BRETETEHOBMEHTO 3 ACEHIR S,

{), FBREBABEZEHORSE « £F

(2 FFTFREYA 7200B%HL 5,

(3} BAE, REHE, REPETBREOTBRABE VA 2 1 ENOKARE
BRETH60ke d, 6t/ yDEANERHDMN, 15ty 3 CIEHMBENTETS 2,
BRET THEBBRFHFRERMICEO AN, 70 e LT LHES, &

CHMESERAVE, Tk, V¥Rl EREHESFRINLITELELD 5,

COLO T X RUHESBERELORNLOIET (Integrated Equipment Te-

st ) PHEDL®HCVF (Hot Cell Verification Facility} THbhtw i,

o<

UPFER PROCESS CELL
{BRET)

-~ SHIPPING
AND
~: RECEIVING

Fig. 2. Schematic of the Fuels and Materials Examination Facility (FMEF)
at Hanford -

XI—4 DReprocessing Experiments on FBR Spent Fuels in CPF
J.Ohuchi, M.Horie, H.Kashihara, M.Yamamoto (PNC)
BRERTRBERTOE v~ e E B8 (CPF) T 1982 £ L h 218
ODERFHBRERATFBREBAE: » RRTT-> T3, TOREE PuE(kE 13~
19%, MEEEDZRK40,100MWD/t THH,1.2~2.3EFE5HLA2dDTH 5,



BABERBROER, MTORRAE LR,

(1) ErdABBRRCK: © 408 EN7%k,

(2) 40100 MWD/THREFROBRBIELI0CU LOIHEMRICL~SEFHRICLICL
bERE L.

B)70%8m0fu9~10ﬁ%@ﬁﬁ%%kﬁoko

() Kr B8O REesiHibid,

(5) PuRFifiE RV U/ Pu®SEICNOx #X L HANBEH TS 5,

(6) MOXBRE+FMEIT2I1C30% TBP—n F7H# > %5 Purex BREFAH TS 5,

XI—5 AProposed Pyromelallurgical Process for Rapid Recycle of
Discharged Fuel Materials from the Integral Fast Reactor
L.Burris, M.Steindler, W.Miller (ANL)

ANL T Integral Fast Reactor (IFR) ¢ ii@hadz>27 P ERBLTw
b TREGERET BR, RBMERR, REVLEERZ-—DOBtNKIEH LS
L O 3OT, MBREBRE, BEERIR AL L, REGENRROhBTEK L VB
%kﬁﬂwtéca,Pu%ﬁﬁz—fﬂﬁtff%%:t%@ﬂﬁﬁ%éo

ﬁﬁﬁﬂ@ﬁﬂﬁwﬁ,HU¢7m%z§vi.%ﬁ@ﬁ®22?v7ﬁééoﬂﬁf
iR 5 0 FRT S T, BRACHE B UER R ERRN LA, T
V&8, TAH)1ESE, F2BEDactive A F PRI THRIEFEIDIOT
BB, BEMHAT » 73, BEEERETYU L PudBkl TRBKEILELCL
KLOVBROIBTHAOTS %,

MLED S 5t AEEH EBR—1 2 v THEBS RT3, 7n«<BRE, *R0H
BfECTH B2 ANL, LANL TR & DA bhTw b,

XI—-6 Development of Equipment for Fast Reactor Fuel Reprocessing
P.G-Selvaraj, M. Venkataraman, G.R.Balasubramanian (INDIA)
4> Pl 2FBREHAER &EDOEMERRT. REDDOHERE500MWe FBR
(GtEF ) OBABOLBO 4 vy 777 v PRECKBREN 5,
o & AMT %
WA 41 0K A D= H Y b L AFOMD B L TEANF 230



o fE 1Y
2k /0 FOV—EF Ak 84 T EBE LK, TRFPBRERF TIE Y —-4
FMRBBEEIRTHL20T, BRAEREENEFANEL, 1007 0 BRERY %
fe ) RRHTH 5, |
o &
gk 1 v F— L BLEEOR & D 2FARICT > T b,
ofh i 2

FOMEER, 3FVEPFF, SARHFL20REDEFT T B,



Session X[V Breeder Fuel Reprocessing [



XN—-i Facts and Objectives in Advanced Reprocessing ; A Challenge

for Multinational Cooperation

P.Ziihlke — ATAG X4 = i
BE20FEKEHAIAFLESETORRL, ZottBERBEZER L ATEAEARET
Bord, SRBES—ZALFok TNV b=2v 2O0BMBRHTHLERD 5,
LxE@EmRss, BItREOBLABRUEENTRIL OV, BREEALZFLIHRT
e, EHOSBROEM, BREHIC2WTVE 2 —,
1) BABIK: > THRFAAE; KREHEEOMIC, BT X2l BEFEEEHT
+arcl, FABRRRTAHACEZWTE, A b=vaWHiBhirni i,
2) EROBAEEMICHL, HEEDTWwARED ;, XEHBREER, BRBEORXEH
L, EBHE, BHksE, PUvrBROSHE. 1> 74 5%
3) FEROERDBIKFTRECE, Faly 2 XEFR—RARRF—AT v 7O AY v |,

R&EDOLSHEL BRI MERFEET X OBLSE
J
75y MEBEOER, kv AR - —2OEE, KEOME,

~v Fxv FOEGEER, LBEROHEN, KHBHOER, HFOBBE

4) ERE
FBRYVA 240 b0l BEO7—A(20~30%%R&DIKEE), FWHAA
¥er7 4 7OEN, QFEHREDOXDOFEINZ BRE

XV—2 Experimental Results of High Burnup FBR Fuel Reprocessing
H.O0.Haug — KfK##®H

kv PIABRMILLI(1k/H)XHJ 5 FBREAFRMOBAERRER 2HE,
 BEFKNK—ITHRK 10 FMWD/T#EEL 7% 3 0% PuO:-UO, B % RNEE T BB,
30 TBP/ ZavyyiHnk #Ixy 7 THHRERLRZ. H1¥4 2 r~04t#
SAxCr 479t 547 g r2EREBL, HEHOSEHREREERL, 27 v
FMAER T {ER.

B1YA4 oA TOLr OBERGRRE, X275 7RBEE LMK ESTAEBER, vI >, 7
M= alkfl, 48600, 200% %ok,

TBPOHIE30~50m DBP LT, 035wh/ L bOStEELBIT—F LA, B



BEOYVHA42ABRLEL sk,

B WMEABFE, £C HKE1H, F2HPNC/KIKLFETHEINAIOTH -k,

XW—3 Dissolution Behavior of FFTF Fuel

R. L. Fellows — ORNL 4

FFTFT2200 MWD/ TR L% 22.5% PuQ,—UQ ¥ % 95 CRUSEE(29C)

THERLAERTHRE,

D FREE,; PLESRSEEHRE 1,997C, #%ET Max. 521,

2) BHREE (REER)

0.991+003m B (36M HNO;, 317¢% HM L)

1.57 m/ B (7.25M HNO;)
3) EHtbzFoF

14.9 kcal /mol
4) WRHER

95°C  1.0mol./100¢ BE

29°C 1.1 ~ 3.0

388W. em

5) % ®
P @) BRE @ 2 BEPOPu
HNO; +HF (%)
95 0.16 0.012 1.6
" 0.27 0.032 36.5
" 0.24
119 0.22 (Lerch/HEDL : E£B&)
29 0.56
" 0.64

# Bechiel HOBEEME L OEHERE

Solvent Extraction Flowsheet Studies with Irradiated Fuel

D.E.Benker — ORNL 1

FFTFEABERM 2OBEBR*WRICORNLOBHMHFEBRER (SETF)THER

— 78 —



LAaHmRErHmd
1) 25mEBCEANE, ~7TM HNO;,F T 95°C, 4 BMEH,

ML

"%o
3) 30%4TBP/NPHZHW, /IHEHIixy2}57T, B -#X2s37cRBLALE

2) ¥4V vty v 2THEBEE NOFHRZREALZPu(V) T

DU, PuDELEE % 0.002~0003%, 0011~0012%, Zr OREAREE 90
(RIFTEER)~T00({ 2277 8E)

4) 779 VM, BEAEEL2D -7,

5) By 4 AT, eVFZFYrEEERVWHAN2®ER,
U@OPuid23ppm— 16ppm ( X7 7 7REHP LABE )
BEH~OPumr{E, URLIY) » 7HE LGRBREOHANEMA T 220 E T

X

6) SETF OHE

EAFRIEEUESEFARNOBEME Y e X ITHL, 970k /07 a—v—}
WR%ETO 2O ORNLOTRUGHAKRE INAKREBETI978E0 bEEIN T
5o |

Ay FEMERE, 16BR/IEIFY e 7 3ETPLICERIBIELE—EORMIER
FBINTHD, (EREBEEL)

XIV—5 The Advancement of Remote Systems Technology ;
Past Perspectives and Future Plans
. ‘M. J. Feldman — ORNL 4
ORNL TIZ CFRP (Consolidated Fuel Reprocessing Program) @ TFIL,
COSEMEBHERER VX TF LO0RRTED TN B,
1) BE40EMCERERBAOEREY — <1 L, HEORBNRUFESEEHE
2) Remotex concept KHES{ SBOREBERED M
WHAE~DEE ; Teletec./ force-reflectingZ WA Y — K==t L—F
— == alV—20O%FvXT A (ASM)
—ERT VY725 s ( BREGE, X&)
-—37Fn—wzi—vay%jvz?A(vy/va 4 B—7 z=—=2R)

— ey P Y RT A



— VI FAEET T RT A
— NV BRI RT 4
— =Yy /S 22l ail— & v RT —R

0 254 FYLTPNC/DOEZERY —* > 7/ 7/ r— 7 THEIhi B D,

XV—6 Pyrometallurgical Reprocessing of Carbide Breeder Fuels
G. S. Selvaduracy XE

BEOR ARG O BB AT & L CHREA L 72 WM Sn 2% (LTP ) OREZHE,
Fu el LTR, %4 MRS EHHA Sy OMmTL500CTEME, BRET P 4K
RILB, V5 RUTMr =Y a0kt ERRB IS LY, FPLapE
T2, FPEIHBESnHFRBLIIOEXZ /B2HRL, WHESnO FHEICEL DOHH 5,
1) 27> vAHOBHER 1,200CO%RESuHTRETES 2,
2) Os RU'Sr iESA 4, Rb, Od, Se, Te, Ag, Ba dAME FEIND,
3) ALERERWHESnPIRY, HBAM. MolddBAMIN A A, BREN|S
OTHBAME. Zr b B, |
4) REBOHER, Mo, ZrBvS>7rg s 1 2 LbDMIN %D o,

B FREL, BREEEI— AL RL—IOBY 5 > CERETICHETORREE L b
L0,



. 4.3 BUVRAULEEY

Session [ High Level Waste |



II—1 Processing Experience with the New Waste Calcination Facility
A. P. Hoskins
RETORE, ARFTROML, FRSORMERALTHAFLAERT, BL~r
B EERNICELL T3, 75> b OE4 OEBBEELECE L TERTETS 5,
75y b OEBEHR2ELATE, ST, BT, SR, T4 E—OFBREGT o,
EERERTERCLT, Bl%+r_—  ORBEEETSTHY, LibBREATR
FHLROBEENFEL (WD Li, |

M—2 Vitrification BExperience and Projects in France
C. G. Sombret

1. 73y ETHH72EILOESR

195 7EEREHMOMREL, 19604 VULCAN A BEEEH, 2~3kD7
Ry 2T AN, 19634F GULLIVERES, 504727 w v 2 28,
19694 PIVER A4 = } 75> MERBIBIM, 19694~10734£2T12}L >0
5o AHBE, 1978E AVMT 5 > b4 » }EEBK, 198446 A % Tt &7
TT6mM DEWREHF2EL, #+=22— L TL043%&, 1.48X10%Ci Tk 5,
2. UP2:UPSBABIBHO N5 <A |

UP2RUUPIBUVVERE, E4#300£ MTU, HNOs 2N, H4IHES 3X10°
Ci/MTU, COBRET»# VHEERER (198L/MTU) Lt FEBERE(1354L/
MTU, BLEBETRE)ILESLTH I ZEILIN A,

FPERHBR11-13wtBICHIR, AVMERAL7 e £xTh%, UP2, UP32 3
RO H 5 2@ izk T, Th+EhR7, T7ELHEN b, R7TIBRERRP T,1986
FER~1987 EFENICERTE. DEEER60L /hr, # 5 2WE 25k hr TH 2,

HoARBCHELT, OLBOBHY 7 2ICL AR, OBMY > O, OME
FOHELOWTEEIIRDNTWE, QDWTE, »7T=v 20EEEIFT L1
Wic, 20-307/LOWENEDN, BMRIFFV <~V (28HUT) TS5,

R7HMFEISONHEIHE, AVMEBROI O ZFTEERNICRZ S ;

DR ERMRE, @3 00RYLABLT 1 »4b5bz L, OB LerE dhghk
BhenBBTHCL, @HFRE, AnF—trtBROerKBhNIF =22
—lCFEAEINBT E,



A7 AD—KEHPAGCHEE L AMEERNTWE, X, FHREEOCBWSH LW
S REREERT, cOrD, HRBMIFEES,

The Nuclear Waste Glass Melter-An Update of Technical Progress

R. A. Brouns and M. 8. Hanson

1. 7uezxQifE

M1, RKEKSFTE2L73I9 2 02— RT20EEEBETD 5,

HZ7 2R EBRERENCREETAFRNTDE, EFMTAHRT VN —D AL A —~DFE
BHEHEA > 7L LT, air-displacement £+ 7, T7— V7 p #> 7, canti-
levered centrifugal X> ZREFBINTwE, 27 ) s/ IrdkEHFR0
fit, SO:EBMVBEe— KR 7EHERTD B,

AnE—ld, 2RV — /B LOADRKBEB v > FEELKG Y+ & 2 P HERAWD
NB. BEBY > R, —BIKBERMI B 6—Tr 3T Uy HEEGbRD, BEE, 2
V= AP BEMEEERCH D5, KRBT AIRADD 5, BEMBIINI-Crad
T, EWTHCELYD, 1,L300CETON S RBMATETS 5,

AN A—-EPICE, 227 FRT, BHUETHHICL2E8KOMIEEE - Tw 5,
HBEERRRS v =2 A=K I DRAHTE L RTED, ANV S—h b H T Rl
BEREMHIFEE LTE, AZ2ESF+=222—FK, ¥4 73 >R LUFP & FL
—>FRAB Y, DWPFTHEHR P4 Fv—»rFRH, PNLTHEZES [+ r=x 2—
RABRHINTn B,

ANE—DORLETE, T X=b—FRESiCt—F—O—RFAFXNTHTbN D,
Fy = RE—FANE-TOLE—rF—T NV ICHLE, SLERR: V7 25HEFbh 3,

7 HRPBRLOWTE, 74 rss—n) 3N, BEEIXITY IX—%, ~A
MRy =y o205 —DRBHTH b, |

2. ERHFRBEE

[Z2eHFBET] BATE, A7 A 2AH, Arv2—REBERRIE, BAr2—A808
ETohb, BRECBLUL, KEIBR:AHRDICLI2IONELLRE,

[fE| BRTE, $+=2X2—-F0H520@KLHENEELE L, Bk
v - VEEL LTORESHE LRET 220, #5 AELGORECET2=F 0,
FroaXRR2—~OHIFRAFACETE2ETAZHEP TS 5,



[T e ex§l@] TH, Ars—EETEBLT2ALOa > ba—rody 2O
YRERZENTHW S,

[BSEHET| KDOWwTH, EREPRINALELZBRECTD 2, TOEEEPLHRTHEK
T AEWIE, 1985 NI LHRIZ VRN ASV—TORBP 19844FR >
+— MTHELF» PRBRTELLLZTFETS 5,

Waste
Saseific

E Troatment

High Effisieney
Claaner

Gisss
Farmars

Tall ]

Quenchert
Scrsdber

—a
GCan Filt
=i Laval
Deareciors

=]

Fred Make-Up Feod Systam

Tutntable

FIGURE l. Basic U.S. Ceramic Melter System

II—4 Status and Plans for High-Level Liquid Waste Vitrification in
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Main features and parameters of the ceramic-lined
- . Wwaste glass melter for the pilot demonstration plant

Features
Parameter

-Data

Outside dimensions (m)
Weight
Glass tank
Dimension (m)
Glass pool surface
Refractory
Power electrodes
Glass pool volume
Operating temperature

Power consumption

Power control

Current density
Electrode cooling
Temperature monitoring

Glass draining
Melter start-up technique

Overall temperature control
Melter encasement
Underpressure, melter plenum

Idling temperature
Auxiliary systems

Inleakage air

Number of melter connections
to be remotely disconnected
and rejoint in case of mel-
ter exchange

2.6 x2x2 (LxDxH)
18.6 t

0.88 x 0.88 x 0.4

0.77 m?

ER 2161 (SEPR, France)

Four sets, Inconel-690R, air-cooled
3001

1150-1200°C (Centre of the tank)

55 KW, upper sets of electrodes

20 KW, lower sets of electrodes
Current-regulated

0.7 Amps/cm? {max., upper electrodes)
Air-coolirg, 15 m?/h each electrode
Three thermocouples, placed in
Inconel-690 tubes

Bottom drain, overflow drain

Fifteen auxiliary MoSij;-heating
elements, installed behind the ceramic
walls of the melter plenum

26 remotley replaceable thermocouples
Stainless steel box

25 mm water column maintained during
riquid feeding

850°C

Periscope, for cbservation of the
glass pool surface during processing
Glass airlift, in the overflow drai-
ning system '
Approximately 10 m?/h

54
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II—5 Process Technology for Vitrification of Defense High-Level Waste
at the Savannah River Plant
M. D. Boerma
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I—6 Solidification of the High-Level Liquid Waste from the Tokai

Reprocessing Plant

N. Sasaki, M.Karino, H.Okamoto, H.Kashihara

and M. Yamamoto
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II—7 Waste Conversion Approach for the Wast Valley Demonstration
Project
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V—1 Program for the Removal of the Neutralized Purex High-Level
Waste (HLW) Stored at the West Valley Site™
M.A.Schiffhauer, L.E.Rykken and J.M. Pope
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FRTMERO N2 SO EBETHAbICHEIN, BRICEsAXZ v V35, # 7 XE
KDORBLBEIN D, REOHETHE, BEEEBCT R0, 27 Y —HOTER
BARE10WI B EADLEORERL, 2 70 bREQI0FDOXT » Y ERETST
EHEETS D, BOR V2 VBETERLIRET DL LHEBZLLN TV S,
25y YREOCEHE L RBLKOWCHELZOR, =7 v YOLEMAR, WEAEED
+HKbhoTninwZ t THY, thE TWaste Characterization Program
B bR TR L 2B Th D, A JRORT » FORHERD B LHEL LT,
FoirF ) =75 b (SRP) TEHRINAZEED Sluicing pump EANEHN
FENEELLRT D, |
2. Ry —nETALOHZE
Ry VRBEYRT AOFEEHITET O LDIC, %z DBy PETNEFST
BB BT\ Do T 7 ) A—FRF THBIR TR Lice 7 1B, KB
Fik, MR TODRHBESFAIN T L, SRPELREBEOLF Y THENEDL
NALEETAR, EHORY 7RUETHLE LR TVBEDT, ThbOKY
FEECKEBETIONR BN FRHZOMN, LO7esr7 20EBETH L,
3. 4 ®
1985 FEFCERBEKT, 1986 FEFVCHRAEEHTE2TETSD Do
) Session I—7 @ [Waste Conversion Approach for the West

Valley Demonstration Project] #ZROT &,
V—2 Selection of a Reference Process for Treatment of the West
Valley Alkaline Waste

L.A.Bray, L.K.Holton Jr., B.M.-Wise, J.M.Pope and D.E. Carl



West Valley Demonstration Project (WVDP) ©18& LT, HEFETO
TR Purex FWOLEI B, TORRKETh T 28wy v 2% BETHLICE
2T, BRBEINLEHETD S, £y 2aOBRERERE LT, 4BROFELFRINA,

Thid, O¥+ >4 + 14 >Z#fk (Linde Ionsiv IE~-95) #Hw a4, @ PTA
( phosphotungstic acid ) EAw 3 #&E, @FHA 4+ > X#HKk (Duolite CS -

100) M\ 2%, @NaTPB (Sodium tetraphenylboron ) #FWn 3 HEET,
7'a e AMERE, REM BN, T o X CBBOEES, F5XEL~OEBECON
THELAHR, LARAOBEFTESLOT bRk, Hib, ¥454 P 2Bwb 44+ 5Mm
EVBRIBENTHEL LT, ThEBEIIA, B1d, 3070 —F4 %25 6Th b,
Cs, Sr RFPult LT, BPERBEIZTNZNR 104, 500, 2L FMEINTW 5,
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FIGURE 1. Simplified Flow Diagram for the Zeolite Ion-Exchange Process

V—3 Design of the Reference West Valley Alkaline Waste Treatment

Process

D.E.Carl, J.M.Pope, L.E.Rykken, L.Bray, L.Holton,

H.Witte and W.Klein
WA Purex B O LB WS L, HEMEEE(ZCev v 2 ) $2BET 24200 Su-

pernatant treatment System (STS) 7 v txvn—fF4 %7 a%K1KFE

T, B, V) —XCBONE3EDA A TS 5 A RN D, BED



R¥R, #2277 - 2NOEAORFORTHE S » 7RCKBEIh HEE TS %,

EEHEE, 22 poF A XTI ARy T TR MEH, HBEND, T4 M E—1
NEXOS tmORNTFHRETELEHEEZ 1 »2—Th 5D, Cs-137014 4+ »FHI
BERTHELSTOT, BHYRT 2L EBESABRI20CUTCHEHENSL, EESH
WOBERICE, 6.4nOPRIEH L > 270350 ( 2 4RHEFH ), CTTKEMLTHER
T 5,

STS Tid, #HfEH 7 B4 4 TR o2 2BTHEANTWD, 4F0H7 2%
— XL DENWTHEFE? 7 L EBRLTWED, TOILIEREF 54y, 4XKBRF7
54?&&91h1ﬁ%ﬁ€%54b@%f&%bmﬁ%?4b@fﬁﬁﬁbhéo

77O HEE, 091 ngX183nH (4514 FEELT) THS, HEZ, 0.2
CV/h (T20£/h) Th b, BERBULUETEH7 6ORBRT Y 2—rFROLIT
59 ;

Operatlng Time

Column Placement Throughput (at 0.2 cv/hr)
Pirst in serles 25 cvs 125 hrs
Saecond in series 25 Cvs 125 hrs
Third in series 25 CVs 125 hrs
Total "on-line time” 75 CVs 375 hrs

RE(198448 ), STSIHHMHAIHTS 5,

Vorl Bandar "
L} T may e

e, Talluctise Tark ﬁ
1] 1]
1] !-nE L)
S | tante
;;r
]
Mlher Teallts
Toslits
ax fand [02:2} " [ Rackuarh
Tush In Bedla
ey
0 Swiply
-
—— |
1 Baturs —— Benbersatlsnd
LU et S P ppp— Bier
—
Y Nelwra
A
fpte BN l
1 taemsd Separsstant brustosnt Praars How Bagrie [Ny L] } BY b (8220




V—4 Calcination of Metal Nitrate Wastes - Performance of a Fluidized

Bed Calciner
T. S. Sridhar
BRFPRERREMERY ) v s BERORBEEBCELT, OFRE2BEET2HL MK
FTHEDDO, BMHNPERESS 52 0Y) v 2 2HRE, @4 7 # ICFET HEE b
VY AOBROERBETHLACT220OMEL B8fTbh i,
1. 52 MY v 2 REBOER
HRET 1, ORBHE, B7 «— FOBE, O 1 — FEE, 0/ XrORBEE
B /HEL (NALR) 0 4BF T, ThEAE2R4KOW T, OERETHKE ( MM
PD), @3 HE, @ EE ORYEMBEILR OBBLSE, OFGEH @
TEIRE - BEH AR EREPTEbhik, HHEHTOESD ;
c ARLAFTRIZEEZRTHENALR TH 2, NALRO®MIE, MMPD %34 X
¥ —HTREBEWRRSFETMMIE D, TOMOMIE NALR KEoT Thiz b
HBINRn,
* THA—VREVR(2AL, REMBRESFENEMNTLL9 T35, MOMER,
AEBICHEINE | | |
2. BREREBBEORBROER
© BNV ABEEOFRBELPTIBOGAENOLEBEDL 2 7v—RIZIOTH
Ao
e NALREAECTBHL, A7 Vv—RIZBHERAEEBOTTENTELR, &
NT3InPHEHRTEEN, |

e NALR ﬁS’J\g V‘%ﬂ: ﬂgﬁ;& '5'::}[/ & %%%%7}5 J; <_'§k [./fto

V—5 NuClear Waste Glass Composition Limitations
L.A.Chick, J.L.S8wanson and D.S.Goldman
1 BEEWA 7 2 KBRS DI |
EEAEREI I v 27 A2 —TOH I 2BRICETHITEERMED, KOLeb
Td 5,
ok #1,070C~L150COMTLI00 %4 ZTHBT L,
s BRAREE---$ 0.1 ~ 0.5 ohm!» cm™ I— A B F,
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2.

3.

ofE B M MO00CHET, BLVWEBCPTOKRL LTOFE~NOER, =75
» PEEELENWT L,

oA B P FAAVE) FFoBERET 0 W HEBREOC LB, BHYS X
REIKERLENT L,

ERYE LTRIEREDED, LEATRAE TS 2, 77 2RERK L TORE
OREGEELFHE, LLOFMBHEGIRNTIIEZRY, EEAHAGRENC LT
5,

BEEOH TRIEERZ 774 -1, #72 2P ~OREWEFTELHBREOBR
HTh b,

HADEGILIEETH L, /7 AHEHEEVER L TECENT L, HEOL
H, BRELSEO LR, # 7 2R TROMESZOMELELE S,

Bhk, 47 ARRARO4AED, RRWIFECEREIEY T, LEATHAL
PEBOH I AR RBMAEFTCETS D,

R ORF

Te 8HBOHE# 2 20OHAE, COr OBFBERE, Fe-Cr-Nix¥arZ&ERL
TRAT » Ve bPTn, HHETEDL, Si, PLRKERMEXERTILAED 5,
HEETRO A 5 x H~OEMEL I\ BFREEWO L5 KZORFE KDL,
27y PEERLPT kB,

SOBERED, 77 20BRIRE, BERVFREBELCI->TRE(EDSL, &b
BRECEVWOR, BIEXEBTOBENTNEETH S, BLANRWESET A7
) EEE A ERL, Y7 XOMLENWAREETY, —ARTHERNTLHL, S0.XE
Ho 80,2 LTA 7 #RFB~GBiEh, A7 /X BHEABREERI LS,

A~ BT FPREBRY S 2hbERTLERAND D, BEEELIHL, T
REAERFBETLCLE, # 9 X BERLLR->TRIEETH S, 10~20wt %
el d T ABEN,

)5 2B~ BRI AR RORKIEL, HAEERT 3 TEOML LTRD b
hb, TOTHE, Fe, *OMOBEBELE, Al, H1HE, Zr, Nb, Mo, Ag, Cd,
Sn, Re, Po RUT 2 5= T, 20~25wtBDi4 7 =P IKEET %o |

# 7 2ELEOERRS I LODO LR
s HIAOESEBICEELLWI I ATEERETE (FIXEB) %, GdOoRbD



CHWhIE, v 1 820005 2B0BH L5,

FBRAME, #7 2~OBAWMERLIADK, &S40EHSHT<ETD 3,

EREWEOEE, ferrous sulfamate ZHEbAhwidskKTnE, #53xBo#+
FHAYRATADERERE, CBFPLERXS » PEBRELS TS, (

SR FYREN IR MVCREFTEBEIFHRFBTCwinWE, FOoEHEAERNT,
S LA THRBROBRABELITHS 5,

FEV Y ARDWTE, H7ABHPLIRWT, HLWHORBRE R34
TE X9,

V—6 Vitrification of Highly Radioactive Dissolver Sludges
R. Odoj and D. Aheimer
1. THEREOHHE _

U%RE, Burn-up, RHESHIK I->TEDL S, B 3-5k/MTU T 3, &
MOLWRT, U 35%, ~*—>7% »740,000 MWD/MTU, 1,000BEHL, 3
ERHOHE, THERRERER, 3.6k /MTULEHEINTW B,

REMEERLIK, FPEHEZR2KFET,

ﬁ@@,Qom%uiﬁlﬂﬁﬂmf,ﬁ@#&é(t%kUkPu®ﬁﬁ%ﬁ%m‘
T 5,

WA THEERE, BMCi MTU, RBREBZ10*W/ MTUT, SH01 04£/H8Z
EFRRu/Rh-106 DFEHRKEN, 1 0FROEEZELSb Te-125 % Cs./Ba-
137, 100 FRBKHEDO%IZ0s /Ba-1375 5T, RRABLAET 277 =¥T
Hbo, 1LO00OFEEOEHKIISH-126 T 5,

2. RERHERLEHR
+ TEBBEOCHE1,200TE T T5L, Os2330%, SbA10%, Ru 2% 1

B A7 HARNERET B,

e HIZATHRMTHE, Cs ORBEA2 0Lk, XRSbOEFHELH A4, Ru

DEFEILIEMT 5,

* HAWEAEMBRECHEMLTY, LROEBHEIED LK,
o MBARHZZEMHL TEMICT 2L, RUCHERERKE{ i,
* AT REAH—T, Cs, Sb, Ruld£d L 34T 5, chid, TEBREL V>
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AELDEIBICEBDDTH Do

e RuldBLALH 7 ALMIEET S,

* SblFRuXOVH—CHMLTn B, L L, CsimETH R,
PEo#ERL D, TEERED /7 ABLRBY TR aWwLEL bR b,

Table I: Composition of the dissolver sludges

residues contant

fuel particles U 0.5 -5 &
Pu 0.1-1 %
Am 0.1 %

fission products 60 -0 %

zireeloy fines 6 -8 %

corrosicn products € -8 %

(Fe, Cr, Wi, Zr, Si)

oxygen (in oxides) >20 A

Table II: Content of the fission products in the
dissolver sludges ( PWR £ BWROFEH)

clement g //td % FKS % F.P. in FKS % DAY

Ru 865 2k 43 37
Mo 370 10 18 10
Rh 150 L T 37
Pd 150 4 T 10
Zr 150 It T i
Ta 113 3 5 18
Sn 75 2 L 12
Ag 75 2 L 100
Te .70 2 3 8
ca 18 0.5 1 20
As <10 <0.2 <0.5 100
Cs <h <0.1 <0.5 0.1
2050 100
+)

calculated as an element not as an oxide

++) weight % of the total fission product element in the
fuel elements

— 101 —



V—7 Systems Costs for Disposal of Savannah River High- Lever Waste
Sludge and Salt
W.R.McDonell and C.B.Goodlett
YRy F ) =TS TRETDIEEAF VA LVBEYOR S » SLIEONS % #—
bTBABIK, YXRFL3R M EFA 2B LL,
LDEFATHAA—TINBEIDOE, KHFY 27N TORE Y 2 £ A L HEOKYE, =
7o PLHLLAMLAREO, DWNPFRTO 4 5 2Bk, RHEFE, S&LASTH 5,
2000 F ¢ CTIRETIRFYOMNBOLDOL= A M, 29X10° K2 (19844
_—2)Thbh, DWPFOIEEL D DIEED AL OBMNEffz x + X, DWPFOME= s v
a—=nACLoTHEDLY, 120000225170000 Fr/%+=x2—T55%,
TOEFriEHoT, HOBRPEREC I > TRETAREVORBERLTOKK, # 5
AHEO7 T 9 bVEBEERETLCLY, a X ERENTEZICLERTTERTE 2,
RIKYRF a2 OFMMERELTR T,

%1 Systems Costs of SRP High-Level Waste Disposal*

Expendituras {millions 1984 dollars)

Cost Category Fixed Variable Combined
Develapment and Support Not projected - -
Tapk Farm

Sludge Processing 18 12 30

Salt Processing

(incl, Chemicals) T2 : 138 158
DWEF Comstruction 803 .- 803 (§910
in year of
exparditure)
DWPF Cperatious
Haste Vitrificationm - a71 871
Saltstone Burial ' - 314 314
DWPF Materials - 194 194
Interim Storage 42 - 42
Offaite Transport 15 77 92
Repository Disposal 50 388 436
Total 948 1992 2940

#* Year 2000 waste inventory.
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Session VI Low Level, Intermediate Level,

and TRU Waste |
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WM—1 Operational Experience in the Low Level Liquid Waste Treatment
at Tokai Reprocessing Plant
Y. Nojima (PNC)
HEBABRTIHII1962E0 T NEASORREIC L h BARMICESH CEE B
TNk, ARLE, 2075 v+ 2HEAOBBKBEAIEALBIC, PNOVEEHREMNT
TREA7Z » OBV BERABTELG LT s ABBRTFEROBETH 5, UT,
BEERET,
1. BEvrBERABETROWEE
Efigh, ZHHERFCHRFOBREVUMAS
2. RUMBEZ(1977THE9A~1983F12A1)
#130000 OV R ARRELEL, RHBHER @ HHECDAT00101,
BB Dw T 05201 TH o,
3. & O |
1) =2 v ROEHRE
TEBREOERRABTIRIKTAHY 7o e 2 e AT AL L D EBHERERETRO
FIEFREPOIvE(HEB)O1 HMTMLSL T L AHEA,
2) Ty —R2 LAHEREERYRT & |
Bz, ZHZEVCOCHEHRTEMNBRL T, HEC Lo ARBUABRTIEIC ¥ Ya
— 2 RTAFHEALT, BREEER(TIOKLTN S,

413

VI—2 Treatment and Conditioning Processes for Low and Medium
Activity Waste
L. Cecille (E.C.) _
ARLHRBE, 75— o » AHAGRTHDATH 2% - Ev <10 e BEY (BEERE
%ﬁ)wﬁ?éR&D%%ﬁbt%®?$%o
BT, EERi
1. BOBREROEMK
o =—19 v e@OKFATEEW(HCHO) , BHEULRE, ROSBEC L - TRFAEES
BETAER(10L R —a) T, BILTWw3, 1984FETHICEWAKOR
MR EE->THILERREITI TETS 5,
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°© KIXKTHELZ7m+tx (AL, RMEICEHCOOH:#RA) TT72 5= V& a8T
BEB(1L Ar—2r) TWAKOBBHEME Y, s—r VRERLFE LSR8,
MBROBMRO £ 4 > P EMEO « HHEIZ 100 nCi /FUTFThok, 727
=VFMD+7 3 v 7E{LE 1984 FERICEHBEILTW B,
2. T ) EHEEEER(A.S.W.W)
© 42Y)T7TOENEATEHHEMA (tributylacetohydroxamic acid: T. B.
A-H) ZfoT, HBFA.S.W.WHALPuZRETLIER(L—=sr—2 ) KDL
Tnoo 1985 FMDICHLERERE Mo LMAERRETEL T 5,
°© ZTOM, A.S.WWOBRRICELTEAX) 20~ —v = A TREBELBIBAF
B(UF) OfiAEGLE, X, 77 v ROHF 5 » vaTRA & RN (&8
TRIRTH L, A S.WWEANTIT>AERTEERAROBER IO LB
R BHRE TSk, REEEH o AKERIT 198 4 EH¥ES 1985 £EPHEICEHE
INTwnh,
3. Y=2UvBRBHW
HRIBEUBOAEEIN TV AL, Pu@DFEEN, ~—v 2 aTid, ThicBH
FBAE(UF) Z#EMLT, DF%6X103FTA LI TV S,
4 HRERDI LFELETHEHK
N=YanTR, BE, BRILALDREETIPE VA AVERLLFLEL TS5, B
AFEBLE (UF) #3562 L 288 L. TOER, aliiiconciot 2T
DFZMRLTELZEAHBELALE, 18y 75 VOBBZFERE LAk, ®v ME
EEAIE 1984 EREK LS,
5 =7/ v APRBEFE T — kK
=V = A TEHRAFBAE (UF) k=27 v 2 RIRBEFE 77— OKNEICE BT
ARICEABRET > Twb, TORKER, BEABREL OEIEGE TS KDOWT100 M
EODF 2B/ oM, Os KOWITIAHROBRBBLRTRE, Lhd, FOBER
BHE (A CbAIRELTED, BELIBEW(250),
6. Zrr=v ABREGERY (POM)
PCMEDWTRAAHENTH2 745 ) THEnkdd, Br OABEREEINT
nh,

1) Ry =P
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TOFEZED THHEROEAPOMICEHA TN TwD, ¥ 2v—Tl -2 2
CiDFr =9 aBUTAY vy 2%5FL500L0D°y r—vORMNARE 2 M)
e hEH Lk, TOHER, ®**'PuoBHRI10-UTTH %,

2) PuBERE/H - BEE

HHHEOBFNPCMIEOWTIE A XYV R LBEF41 vy THEWLCRE R T8 Y22}
R TV B, |

BrAvE LTEI1983E3 AL )~ 2r¥—Qa—ns3+» 20BRAES S > |1
KBBEINLZERBELZZ v ALONAZTHEEFTH D, H320k OTMREPCM %
MEBLT, 17k OPuxBEIRLTH 5,

—%, 1 ¥V RTCRBS/E R - BE7e e 2 CBLTENREDDBTEITLNT
Wb, Chid, 78 +207 4 —Ye )7 GEEINLH, BIEEE (L7000
OHIMOBMBEBRFCPuEIRAT » 7R BB TH LD TD b,

3) BREAFICLLIEE

ZOHEMEIEr (SCK/CEN) THRHEZN TV DA, BRLOMEILE« EE
MCLAaERTERN, TATEARE, <107 Pu" OREYERIALTED, =
/RIS E{ PutBPRATHD, 1984 FERFICEHFMEBERAEDLLEDS S,

4) WE¥ic X SERY

BEWOBRLIBNAELFNABICE b L 3TETH 5, Alkem TIEIMOXK
BmMIHR, ORETIAEAGEENTAETLADIUTOL S e — ViR
A4y b RE—AQVRT AQEEREFEEREL X,

o Gl /HElE — = 4> bEL

o (R IBEBE(m—2 Y v+ v vr ) TEEHA: HER EH, 7vi>

o (FiRYy ) BEWEGE (BERE < X)

%%ME@%#K%;éﬂwomg5%@Pu%%ﬁﬂ%f®éo

VI—3 Processing and Certification of Defense Transuranic Waste at
the INEL
T.L.Clements (EG & G Idaho)
FIL INELORWMC (Radioactive Waste Management Complex) IR '

ANTWnDEE50958n (L983ERID 27 b~y FY »IHRE( 2 »FFEMT
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<200mrem/h ) TRUBHEWHHE, ==— A% v I CRBIHOWIPP (Waste
Isolation Pilot Plant ) IMiA3 271 INEL AARZL T\5 SWEPP
(Stored Waste Examination Pilot Plant ) & PREPP ( Process Bxperi-
mental Pilot Plant) OFE B~ D Td 5, MUTF, B %4,
1. WIPPOEE
WIPPREH ELRE LA TRUREDOLIOLLEMEZET T 2ADICERZIATY
LHERBERTD 5, '
WIPPRUTOEBLOWTRZANEESED T B,
0%y s~ PHOMBR
CHWHEOFEELEWE &
cEWHEE
oFNN
Rl
2. SWEPP

INELUBMBHFEDO TRU BEMHA T OBANKERBELET L0 E 5 2HUETLA2D
K SWEPP%*EZHTH D,

2%, INELOTRUBEEWOEZRIILRIF20EL Lo a BB BLRIN, Lid 2
DEEDR1000Ci FDIDHN I,
(SWEPPO#EE)

SWEPP Tld, MTOF— 210X D ERMEHEL L5 LFHE LT 5,
1) BEDEREREG 1071 X EEWEES — 4 27 4 TOWOL S £ M5
LTw 3,

2) %%%WE%:—F

3) FBEHET— £

ONVTNEA LS CHL ST f o XBERCIANEWORR

CAYFFAYFINF 4 YRT Loeenes BERICLDL VS 2 HOEGF = v 2

(EG & G TRI%)

O Assay YR F A e BihERE, #HOHEE, TRUROHSE

(nz?ﬁ%zfﬁ%ﬂkvz?A)

2%, SWEPP THHHERE > 27 20 IRBRURESEDS, TRUE
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QY 7Y v, Fxo 2 bFTELTWD,
3. PREPP
PREPPEWIPPOZANERICEETHLIOKBEEY LB TS L EBOEL
RZETH 5,
(PREPPOHE)
1) HEEY
AR, SBRUARBW (A5 X, £Axt, 272 VE) ORGP TTOHE
X, 45%, 20%, 35%TH 5,
2 8 ®&
CEEUNE (BT 10mDRT v v AME TAHE)
o w— 2 F A EFEHE
o RO FBIEE (5B )
ok & EEE
3) & B
171+ {(8h)T15 V7%
49 B E
¥1~3
4. ARy Ya—n
SWEPP RIFPREPP X 4 198549 BKEHKL, HL, PREPPO 7 rEigld

19874 K75,

Vi—4 High Temperature Slagging Incinerator for TRU-Waste Treatment
N.Van de Voorde (SCK.CEN)
zATH, 19T4EL VEREANF2ERET TS Y, T TR LOI00BHU LOEEE
T, 1983FEOKIKIEIHBORKETERREIToTnd, FRIEL198IFITok
RROBETS B, UTF, BELES. |
1. RERHER
1) 19834 L]
(S REHEY )
B | : PWRDGOLRBELALTREWD
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B : 16~17 >
B 1 F#RTowt%, 25wt P

B & B : 2mR.h/bagl54£
{ RBREFR)
WABEEE © 1,300~1,400°C

mEmEE : 30ke/h
BAEIL 0 174 (F#HHEZT435)
F7HAZODF : 8 X 108

Co®99%, CsD60FWBRT v 7RIKEbAETN, Bbid7 s r2—7T

HEIhi,
2) 19834TH
(T ZBEEM)
B #EH @ aBEH(Pu: l~2m8/4)
= : 6.5 b

# B 1 FRRT5wtd, TE25wt%

(REER)
WRBEEE : 1,300~1,400°C
MMEEE : 24k h
BAEKE @ 20 (FE#HHEL6)

F7HRFDODF ¢ 5 X107

Pu®D 99 ERRZ rRICBRIATIh A,

Vi—5 The Treatment of Combustible Alpha-Waste at Eurochemic using
Acid Digestion and a Plutonium Recovery Process
R. Swennen (Eurochemic-Mol)

ARXIEL1983F3ANLEEIRTwE2—a4 3 v 2 OBt ALONA ORBE
EHTH 5o

TH1kDT b =9 2B 800 OTRERERYONE X ToTH b, 19834
5 A0+ v MERRABLUK, 3kOT A=y T — MR, FOOSH 95% BB
CHORETEARINZLNI Z L Th b,
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X—1 Optimalization Studies concerning Volume reduction and
Conditioning
P. Dejonghe et al (CEN)
AREFBEPEL<LDOU/TRU waste OBRBAOMBERUFRBLIE DWW TS & H#ic
geological disposal project DRBRAILC DV TIEBRE~N LN,
(1) 7=+ = O ke
1) PuTHERLATEEOD ZE V< VOEKEREY

Combustible 80% } power plant R&D lab.

non Combustible 20% fuel industy, etc in Belgium

Mol THUfio> T 2ERMERE 4500 16?/11 rate
(o

System l.a  Baling Press Concrete (bitumen) CF.18
" 1.b # + L.T incineration, concrete
(LT.~950C) OF.63 107t~ 1078
o l.c H.T. slagging incineration
(HT>1,400C) CF.27 107~ 108
l.a Mol small scale TEHF 4,50 0% — 2,50 0
1.b no RERER n = 7120
lL.c AEOANS Meeting TREOCBIZERELAIO
4,500 — 166n
(BMHA)
i) PWR + v REER
salt content (max.) 2507 .7A
} 125w
activity 0.1~1Ci/ L
System 2.2 B#W$HMa 2 ) —1r2BM(FA YY)
2.b WL, & IHprOFEM AR, B (BNERE)
2.¢c NaOHIc X 2+h%0, 7227 7 bEL
2.d fhOBE#: BALFELLE. WEBEWOT 27 7o FEL
oF. QUginal:  mgeomtt MK 7 of day

(1254
" 2.a 0.7 {17 0m*) < 1mCi 1071 ~10"%
2.b 24 ( 52r) < 1mCi 1071 ~107°
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2.¢ 22( 50m) < 1mCi 107 ~10-%
2.d >295( 4.27) < 0.5Ci 10-%~10"%
i) Low level process effluent
Mol #Bl TRET HE VR VB 32,000x /4
3.a SEREOMFUBEPNE, RERBRMTLRY » %727 72 E1L
( 1964Hh5~) |
3.b single stage {L# M= chemical sortant B2

TO%, FHEBEMBELT =7 72 FE1L

3.a av. Dec. fact. CF. 3.b av.Dec. fact. CF.
« 925% 96.8¢%
B 85 7 t612 882« 979
St 90 92 »
(32,000m—52.3n) (32,000m—32.7n)

(2) MBZ o +DHBE
%ﬁ%ﬁ%@@ﬁmmomfm,mafﬁ&k%7m—©ﬁﬁﬂﬁ@%§h1m%o

Mol

4.a 1b, 2a, 3a@Q#AEEE Ran time experience

4.b lc, 20, 32 # Demenstration run
4d.c le, 3d, 3a " fla LA & O He R & U4 5 S EE
Solid waste 4,500y (80% conh.,, 20% non-conh, )
Basic acid waste 125wy
L. L. W 32000my
Type & Volume 4 a ~4b 4c
ash/concrete 212 - -
press+bitumen-concrete 500 — —
basic acid/concrete 288 88 —
sludge./bi tumen 46 46 —
HT sludge - 166 195
1,04 64 30047 1954
leach rate g/cnf day 10t~ 10% 107%~10°% 107~10%
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SIT

Yolume of
end product

system l.a.

system l.b.

system l.c. j

Figure 1 : Flow

4,500 m3 4,500 m? 2,500 m3
Inspection_J + Pressing + | Loading of Filling of disposal + 2,500 m3
disposal drums drums
(concrete or biltumen)
4,500 md 900 m3 500 m3
Ihispection *{ Pressing + | Loading of Filling of disposal
selection (‘ disposal drums drums
(concrete or bitumen)
+ 712 3
3,600 m? 212 m3
L.T. + | Transfer of Filling of disposal
L—+ |incineration ashes to drums
disposal drums (concrete or bitumen)
4,500 m3 4,500 m3 266 m3
Inspection [ + [H.T. + | Transfer of Filling of disposal + 166 w?
solution slagging slags into drums
incineration "disposal drums (concrete or bitumen)

sheets for treatment and conditioning of low level solid wastes
H.T. = High temperature > 1400°C ‘
L.T. = Low temperature ~ 950°C



MERELT, 1. %E®$ﬁ®mﬁmf,Mﬁ%%%mﬁ&kﬁmﬁféttﬁm%
%,
2. MRCRBERMMTORME[MEZ AL TRIZE 2,
TOMOREDE LT clay P ORBEIBE T 2HRBREIh Ak ( Bras ),

X—2 Study of Waste Management Strategies which minimize ihe long

term risk _
H. Dworschak (CEC)

MAW@@%%&L17x77»b%tfybﬁmmahfméﬁ,Eﬂkﬁ%ﬁﬁ%
MEEL7BERMTH5, ML, MAWORRRIES LEELED 5 bICHAWD R
aﬁ%mm%%k,7277»¥&Utf7bEmWDWAﬁ@%%ﬁ§%%o
"oT, MAWLHAWERATAHC LKL ), BBATHALES 2E k<1 Y o
7 AOHIC, REBYPOREE —HICEBLHRICE T, MAWHT 7 ) —ORAHOR
EDHES,

X—3 New Direction in Liquid Waste Treatment
D. Alexandre (CEA)

LT EHEVvS L AGOH LAERRUTO®EY,

FEVSVOBRBROLBI IERBIETERKERE L, BEREEERKLE LT 580
CARFLBP 1 4 v TRMETHREL, a2 fr 0T ABBIET A7 74 PEEEN,
surface storage~Xbhbd, EHLOBREY, X5 . v2, gaAN A A AT 13
BALMKEL Dhk ) LkLT, BBHBTPLIFIND,

X—4 Joint Undertaking of a Bituminization Plant for Low and Medium
Radioactive Liquid Waste at Tokai-Mura Japan
H.Miyao, S.Hino (PNC) A.Sakuma, T.Nakashima (JGaC)
R.De Beufelaer, J.Van Averbere { BN)
PNC/JGC/BN =& #RA%E
Bitumen plaht@fﬁ%f?f)*5@%?&5@%%&‘0&%%@@&%%9%1%?@0
SIBARBMETH2000KD My 25 RIN TR L L EE3BCHRE, B

hil

A 7ol
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EhTHIc L FEBLA,

X—5 Advanced Immobilization Processes for Fuel Hulls and Dissolver
Resides
W.Hebel (CEC), G.Boehme (KfK), J.R.Findlay (UKAEA)
C. Sombret (CEA)D
T—n oy SHEGORKEREEYSEOHR T, Cladding scraps & Dissolver
residues DRBARBE LT, B4«OWARLBERRKBETLR/DETEZHAE L 20
EABNETHEFR L > BERN» CEL2REDOBELEOHENE, T old
A MELE, MEEY, 5774, FLTE7 3 » 2 BULERRERIK -~ 2+ FER, X
/d Chemical Conversion i€ LABLEOERICEFZESS 5,
RERR, BRILEFD > PBBEROED,
g- Waste FICT 2 F /4 FRETRTWDED,
a. BTEENTW 5B, ,
q- B¥BHOBEYSUCREROBREE LT, 727 70 rEEPEL T EHh0, (F
ORBEHFMAWOT 27 v o P BRI EMER LT3 (vef.10—2))
a. Mr.Hild (Eurochemic):
H—AAN—x, 2—nF v 2 TOINETCOERNPLROBIEZEL TN B,
D 7r7rrbtledFTET2F 4 FORBBEIEhERW (MAW: Waste ),
i BRTHFELTWI2HEOERELZL ABE, EELOROKEILTLIENEE
L\, .
i) ﬁ%®9%%zr,&U%%@fiyb@ﬁ&#67z77wbﬁm?ntxmﬁ
FEICHILL T B L EL T b,
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Session [V Spent Fuel Management Options
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IV—1 Conparison of Used fuel and Reprocessing Waste Disposal
K. Nuttal al (AECL)

hF AT HEMEONuclear fuel Waste management 33 5 option i3,
FEREREO immobilize SNABUBREENOHEOUAEEA T b,
ThbOREUMOBM LOZEEFMET 272DOICR & DHTbhTw %,

ERAFERHE L BRI ABLBRREDORE, HAED 2 » 7+ —OREFRUAE,
AABOBRELEV v —Y » 7 ORBR DOV TREND o,

TNbDOF— 2% bUsed fuel reprocessing waste OMGBELI, HDOEH &

VYO 2 TERAETHLEEbhok,

IV—2 A possible strategy based on final disposal of unreprocessed
spent nuclear fuel
Poc-Eric Ahlstrén (Swedish Nuclear Fuel Supply)

AR—TF TR, FAOHRFL LY, FREAHEIBLELLAFHTH S, 19774
EOBREYA 27207 v 20 —FREEATLEEEL ZFR BRI OW THERED
b Tk,

LRy 2T 23, REEBHLTED, BRBOPHMEMER (Control AFR fa~
cility)i11985FECHETE,

FHEES (40 €M) FABARBECuO* =22 —KANbh, Swedish Cry-
stalline bedrock KR#KMGEINL, RET TOMR TR LORRATKOWTE
ETHORRAEAFIRE VWEAL, Xz —F y TABAEDC A ) » FAEREDCL Z 3\,

IV—3 Same preliminary results of the FRG@ alternative fuel cycle
evaluation
K. D. Class (KfK)
FEIRIC BT 197945 LEMERNOEEREL BAREOMEC D» TFF L TH
5545 o Tkko
REETHBONARKR (T vy ) —ORE) K IE, ZLHCOWTRHEDS
ERICE LWERRANE Wi b, |

— 121 —



IV—4 GEnviromental impact and risk analysis of direct disposal of
spent fuel as compared to reprocessing
S.Vouri et al (Technical Research Cts of Finland)
Alternative/ ke LTEL bhiddirect disposal DBAKFEINLEIEA~
DA > P REUBHBEBREZL /384K, TokFuel Cycle OHBAEDOD LW BE
TOA v~ 2 VR EOMOBEERDOWTIEAUBKERTLLEND B,
BMBEAR L EEFEIROZL LOERBANFHELEEIN T A THEI VR 5
A7 PEEBLTHEB T 52 B60MEASEZR LABE, AEABRELE ALV,
ER, ThZThOsr -2 2542 0ETALEE L v 2 2E3RT2FEOT X b
OEA b Fuel Cycle DBRILDLAELTRDB XM 22 b OEAHLERIh T

Fiy BTS.’V‘Q

V-5 Radiological path way analysis for the nuclear fuel waste
disposal centre
- K.J.Donnelly et al (Ontario Hydro)
NFWM (Nuclear Fuel Waste Management) 7 b QI8 IC 45 2 i 9E 0
BLOWTTORBOEREBEL &
A2 ) ME 3 HIRICH T A
ABEE (A ki) 7.5 1.1~175 0~1.0 Total
O (HEmED 102176 (344) 50608(786) 6,368 (100) 159152

FREC # ) 66,720 (214) 5072(293) 3,936 (100) 75728
it w7 15328 ( 84) 1,072(130) 1,408(100) 17,808
%ﬁ@@%ﬁ%ﬂﬁ ....‘ ........ 1km & Lko
HEE SR TORH

1. NFWM FacilityD@k: ERERBOBRCHE L COBE~ORBBIL, ~»27
7 FOBEOEIBOFICAL,

2. NFWM Facility OB » > #OBETFHRFEOFEMELURTTETD 2,

3. NFWM Facility 7 bORANOBIEOMLE R IR KIR~DHEEICHE LTIk
SHREEDLLERD B,

4. KAREWAOA v 2 VCE L TRETRUBSEINBLETD 2,
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IX—1 ORIGEN 2 Calculation of PWR Spent Fuel Decay Heat compared
with Calorimeter measurement
F.Schmittroth (Westing-house Hanford Company)

B#OORIGEN 2 = — MIC L AFHEMEIC 190 PWR EABEANEGGONERE
OHBEFT oo HBREA5 FLAO—FKEHke TOHRLL, HIK5 0 FUROFRHOD
BEBMIcHT 2 HBEARORAAKBA(ER I YRS, EL, 777 /1 FORBENX
Y EBECZRACKHBBICH L TdRb S TiEE biw,

ORIGEN 2 X ORIGEN—SCALEDAE=— FORBETL T2 F /4 FRAKDONWT
BX&EhENRD L,

WEXEUTIKERT,

D/Mu=3.456X10"2XB/ tc!? (W MTU)

B:GWd/MTU, te:.second

[X—2 Technical issue and approach to license dry storage of LWR
fuel in the U. S.
A-B-ihonson et al (PNL)

LWR fuel @B FEL LT Wet storage i@ alternate £ LT dry storage
DK E S THRAk, Wet storage @ capacity ORFARKEKEENERIC L T
HECHENODBHRTD B,

HoER 4« (EE, #794, FHH, 241 X)O0Odry storage DRTh0EL T H MM
K RHE W,

Dry storage ORA { kE ) O£LH
i) Storage System®@fEatE (40 FEL EFE)

i B oket 10 CFR part 72 ( BifERev fE3ESP)

i’ max cladding temp 380°C(in inert gas)

i) Cover gas .selection

V) Heat generation rate of the Fuel ORIGEN 2 =— F
V) Radiation source rate of the fuel

Vil Heat removal capacity

ViD Radiation shielding capacity
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iX) Criticality control Kf <095 10CFR part 50
X) Off-normal condition

Xl) monitering requirement

Xi) Handling procedyre 10 CFR part 72

WD Decomissioning requirement

IX—3 Canadian experience with dry storage of used fuel in concrete
canisters
J.A.Remington (AEC Limited)
1970&565AECL (Atomic Energy of Canadian Limited) Tl BERE
O dry storage CE L TR EToTETH S,
19744 CWNRE (Whiteshell Nuclear Research Establishment ) T

Demonstration & development®BiIC T » 27 ) — fﬁ%ﬁ%ﬁﬁﬂ@@;ﬁk:}g&ﬁo

Data # : Site Fuel type Storage time gas temp No of Rods
WNRE WR—1 Silo ‘75 He 120°C 2484
WNRE PHWR Silo ‘76 He 120°C 6820
AECL-0OH Rod Corpsuls 30day air E%g-onc 13 (PHWR)
AECL/OH Whole Rods 1000 day 150°C 8

IX—4 Refinements to temperature Calculation of spent fuel assemblies
When in a stagnant gas environment
C.R.Rhodes (Univ. of South Carolina) M.J.Haire (ORNL)
REINBBHESEFN O F 2 FHSK 5 2BOERHEKEL, ORNL T
BTN TRAHE = — 1 COXPRO I % Flvn T« DEBE L B EF, 6 41T 0
METEERTETH 2HEHE,
ARREOFHEK T BERAMIT BRI R ZBENDNE Ito TkD L EREHETWE L

T b,

IX—5 Storage and handling of spent fuel at the Savannah river plant

RBOF Facility
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Spent fuel (Defence and research reactor ) S AMETLAZDODICSRP
(Savannah River Plant JICRBOF facility 8B 3Ii, 1964855 20E/MK
~1500 fuel cask EZANTWD, ZOMH, BohiMRKONWTHERE
Fuel Handling ! FEROBRX#BE 1,780 mrem ('78)

" 395 »# ('83)
Oxide Fuel Assemb. ZH#fio T 2BHRKOKP BV <R LLBHIH -
7 (failed fuel #BWMiFork L &) ~1X10%Ci/ml
Basin water qualty ! filter-deionizer system 35~185gal/min
mixed resin bed cation 24 Ft?
anion 36 Ft?
50,000,000 galon @KABMEA ( BLEE TIC)
0.5~1.0 X107 Ci/ml ITF 5T & HH
HIED deionizer O operation 120 GPM
| Ap=20 psi

ﬁhﬁﬁg ﬁ’ r, @« ; dally
conductivity pH ; weekly
Hg, Cu ; Monthly

Al, Fe, Turbidity, Cl ; Quarterly

I[X—6 Overview of the Fluorinel and Storage Facility
R.D.Denny et al (WINCO)
ICPPIEITAHFAST (The new Fluorine and Storage Facility) & un-

der water fuel storage & headend OBEB v+ AL bfoTwn b,

. FAST Facility area 119,500Ft2 storage 80,100 Ft?
Dissol. pross 39,400 Ft?
570'*X195'"x64'%( cone. volume 39,000 cub. yad)

Ventilation ~ 90,000 ¢fm.

% Fuel Storage area

¢ Fuel Receipt and Handling

« Truck Receiving : air lock, metal building, (3T b E%HEE
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* Cask Receiving area : 130t Crane Cash decon room EXE&E
* Fuel unloading  handling :
* Underwater fuel storage : 6 pool 31'F%46.5%x 41" 2
31X 465X 31 e
2,656 storage position
* Fuel Cutting area : Storage pool 2 EAIT LR TWwA,
RESE T Cutting RIEFEEABEIhTniwn,
Fuel ZZ D cart TR LN FDPA (Fluorine Dissolution Process
area ) EBIEh %,
oWater treatment. other support system
- EmBEOHEA (Deionized water ) A pool K& LTHHIA TV A,
(*)basin water treatment syst. — unloading pool — fuel tra-
nsfer channel — storage pool — cutting pool = FDPA tra-
nsfer channel — (%)
Recirc high press pump : 550 gpm X 2 peak cap
250 gpm X 1 low heat removal
Vacco etched disk filter ! 550 gpm X 2 (separate)
- solid Ok, HEHOEEK~» 1t
B 5,
Ion exchanger : Amberlite IR-200 cation
# IR-900 anion
B HEREUFHEY — &
Chiller 5X10% BTU/HR
* basin water % storage pool WETERICultraviolet sterilizer
( BABKEEE ) 287,
make up deionizer ! mixed bed 50 gpm
4 ¢ HCl /NaOH
Liquid waste : non-contaminated w. TCPP
contaminatedw:ICPP evaporater
: Vacco filter, ibn exchange resin

Solid waste
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vacco filter ; canister WKARMEMK - INEL
resin ; hold Ik — feed tank — 30galon barel! (decanted —

Diatoniaceous MLBZIE — waste cask = INEL

# Fluorine Dissolution Process

PDP Cell : 200"X100'x56H reinforced concrete structure

7.5 ton crane, electromechanical manipulate
v b @Masterslave Mamp, TV EiR
Interim fuel storage area
Dissolution trains (3) fuel dissolution, complexing
off gas treatment
-- dissolver vessel, complexer vessel (Hastelloy C-4 ally)
complexer vessel transfer pump, Vacco etched-disk filter

filter blow back vessel, solid cauping station, off gas

treatment
dissolution @ total Rl : 40hrs
Dissolver off gas system ; S&T condenser, FiRE= 7 7 02—,
AN — R
2 stage Hepa Filter

(1stage id Cell F§)

IX—7 The Management of spent oxide fuel, The enviromental and
Radiological effects of alternative approaches
A.Martin (Associatt_ad Nuclear Service, U. K.)
BEOKRRLBALABKC L IBELBHBODRK DWW TORERR

mixed oxide fuel OHELFLAROHMOBHOTNOEBIL DN TIRERD &,
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4. BOE - FIFE SR

41 74 FKRELHRH (Idaho National Engineering Laboratory; INEL)
INEL#HME, ANS P AN I —F 4 v /04T v a vy T—thoThh,
© New Waste Calcining Facility (NWCF)
© Radiocactive Waste Management Complex (RWMC)

M, RELA.

411 NWCFoRz

® # = _
NWOFX, ICPP(Idaho Chemical Processing Plant) KA BT 5—H% T,

TCPPCRAETHZR V< MERERSE L TR LERT BB T 5, BiHd, Fuor
Engineers and Constructors, Inc., K¥3A@, BT 2507 4 — 1 (75m), 1
1407 ¢+ =1+ {(42m), BETI57 14—+ (225m) Th b,

COMRIE, 1963FA51981F% TREINABOREEZEWaste Calcining
Facilty (WOF) BEBLARD, FLI{BRINZIOTH 2,

BIXJONES/BOECON#IT L Y, 1976410 Alcshz b, 1980410 Alcss
B 1981Fa—n M7 xt, 1982490 %»  BEHBFTHATW S, EEIDO
E & ORHDOTIKEXXON Nuclear Idaho Compang, Inc (ENICO) MfFoTw
bo BHEBIZ9000F FATH 5B,

WOF OEERER, RRICESE, RMKERBHEMAR D AR, KETRYDO 7~
RE— OBV SVBEREMERL O SRER S T 5,

BEHEL, 7= v NEBRERIC L AIBIRRERE (500°C) T3 2,

HFROBEBEE(0.5~0.6m)ld, 27 vARNERORKERINL TV, TEE
B SO0 FEMARNDLIDOLEL DN TH D, FHEAKIITROLMCHEL ER b 1B
LBFIREE Tio T, MR RERLAK LY, BEsABREAN S,

1984E8 AXRRE (HME), 72 > VEABEF Chok, 2~3 7 ARy v » b
AU YLD LT, Bhd, ABENIEL, BUIE Lok tOL L TH 5,

1, ﬁﬁ%@ﬁ%'ﬁifbéo R, BEtLOoRLHEETH B,

@ 7erix
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B2z e—v—t%rd, BEZ « — VEEWE, 300040~/ /H, BAEKE, 8L
DT ETD5B,

BRI, VFr<ed POy—¥FEAh, ReTAL(NO: &3 HMZ EHEHR, BRI
Moz TRESTTDI S,

FEERBES00C, MEBFEOBE3T0CEOTE, REFL Y1 70 OB HFX SUS
—347, WAL LTNitronic—50, TOMK SUS—304LARNLHhTWn D,

F7AZMNBRE, BREZRXROBBEFEIAEDI o THKAINTn L, +»T =9 2
FHE(Y D5 )ORERT~80T, BLALRudBHI IR TWIEWEDZLT
H 5o

EBERER T v —2—(hIN T3,

FEFOREHHEOF TE, REGORESHFOBRRELERAN(RKEFIOEEY v
FYrZE LT, FEANTREFATTEANTWE, I3EFO1HERT, ) BEFEE:
HEETHZLLITbNTWwWE, X, =4 7 a: >y TREFRATOTZHCEITHORT
Wwh,

REFREOHFMIE, 25 EREXROIDLEEL DN TR S,

BREWNZ, 72r=x4q4—20Ox v 27 v THEFTTH HRemote Mock up Test Fa-
cility (BEMKER) TFX M IhiktOoo LT, 2OHT, QFFEHFE, ORER
ez, @OBBEEN LOEBRPTbON A,

® REEMH
1) arirtr—pU—21
NWOFPEGBRE Y7 FBF10R8L DL TH o7
2) A7HRT 4B — kL
HEPAZ7 41 F—H o 2R (BFFRy A7 qvx—2 Ay 22)R4HEE9,

QEFOBAANRT VD, 74 » A—OFHE, ¥v 2207 2 FEHEEL, #v 2

AWBH7 4 v F—x LAY P EFHEEEHR LR, 7Vv—rTDD EFEHATH

bhde 7 HROY — 2 &PFHIETEHEBI, Tviy  CEF4 75y YREDLLD

TETHD, TV Ay PHBBECEDOP TR I EFTILDOILTH o7, |
3) RBEF L

BWgtss/ X, rev s X, ¥4 00 YEIBERETER,

4) A7 HREML
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A S EHBERABBE, NIABRHFE VDT LATED, RY—Fa b7 5>
ERMORTLAHK REVv— 2+ LE2FHITIEHLT, TRTELIS5CTEIATY
5o

5) ERRE

BRI RER T, BRI VST T22002 2 BBBIRTwEA, ELAD 2
VoY BHLER IV TR 205 R0 bhk, BB oM, KMnOJ2k, BHEE,
BEPBELEITDLh2L02E Thok,

412 RWMCOTRUEESEBHRHERUVIERERERSED B2
®© TRUREDFEES

PHYETHERERO V-2 T(HI4BR), FIC V5 s mREEINTnE, FTloidk
BTRZ 7w P BEDPRTADEELn, ZOF— 23 B2 METE, BEOLO
T3DHEOT L THoRke BIREE~N =7 (plywood), BILE =—n o— } F4
, ML ERELTHROBHI~NBL, BEK3 7 — 1 OEAKLEH-EETLIE S L
DTET, FCERICIRY LABRFAZED bhk, chid, 5EECFS ~50%
D ELOTEThoke I Rocky Flatssh bt b TR5ESH b L < A IC 5
EUOAvyoBOa »F+—EBBINRTWE,

OO DY Ik, PREPP (Process Experimental Pilot Plant ) ASEED
FTHok, PREPP BN~ A -5 BniKhid s —+ 2~ FEILOFIRK & b B3y
MBZTOBRTD 5,

BRWMCH, 1952FKR/UINAIOT, BFOEBERUIWMRET v 25 o p b BES
LREEMORBMIBO1DOTH 5,

RWMC TRITAN T2 BEHIR 2@ET, 103 -7 EEY (v~ EEY) ¢
CHEINELTHET 230, 20BRTRUBHY CINELORAES DS, £DO
E#BEILORETLIOTH 5,

RWMCIKBURAThAREYE, BAEBv < r, <o r— IR, ABBROTEN
REBF =y 7N, B-rBEWLE 88— »—0O [Subsurface Disposal Areal
TEYH O, TRUREEMIL, 56 =—#—O [Transuranic Storage Area | T
FFEidh b,

BT Y vEHxRT,
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L&EFTOMG BFEEE LT, RKOI 9 RHEERBRINTAL,

L LWAG& —1_952~1983$®}'—5UV 4537157 ft?

19844 16119
TRU —1954~1970FEONAE 2,216,201 ft?
HEOKEE 1,825,976
1984 FDOFEE 24919
M— s RTOREDOKHERE 111,100

@ FEHBEBEER

LCTREBEYF A HOREETRLBEL, VI 2 EAETREEET HDLOR
BAEIN, WTFhIEBILTHIE TN,

F?Aﬁ@@é&%%&&%ﬁd,EG&GImmhlm.ﬁ%%bﬁ%@ﬁRWMc
TEELTwLHEK, #kitnwadtd, V> 2m50RE4*BEHETCAETLZLEICLY
RTHAROOEBTS %,

M aGICHADICEWAEER 2 FVEELT, BRIV OAEFRAEIN TV (,
BT — 23, P AERU.S. DOTDOType AREERHAL TS5 E S HOHEK S
Wbhb, b LAbARTNE, Type A 2 v FF—TH——Ry 2ENBLOTLTH
%,

¥ A mAAEWOKRER, [Real-Time Radiography| (RTR) TTHN,WIPP
—WACKBETHEIHBHOHUATKANOLh S, b, BRORE (BHREIEHATE
DETOROWE), SEOBEK, MEFBRN VI s BENIKESLNEIHLOHEKH D
hz, ablc, HROEOFME, PREPP TAEWENLELOHAEDTLR 5,

RTR v =27 &ld, 420KVPOXBRBEMR Y RT 2T, XEBER, 1 A -V ¥RT 2,
T—g—, Va—F, EFF Tt —LOMDIIT TR,

LER 3AD VS 4 A AEICOE bh, BTENShAREE~EIN, 15700
RSN D, AFWHEERIN L,

EWICHEBREED VS A BEFAVWTRET(ChAR, € XOF R Ty HWENE <
BT, BRSO RT, REWOKES, Bk, BEERENLbhoR,

723, PREPPWRBEL T, ANS meeting BREEOHFREILOTHNLTWED

TEFLLEEROC &,
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=1 NWCF oG LtoReEE

Seismic

Design Basis Earthquake:

7.75  Richter; bedrock acceleration
0.33 g horizonzal

0.22 g vertical

No facility operation or restart

No release of contaminants.

Operating Basis Earthquake:

One-half the strength of the Design Basis Earthquake

Immediate system restart, or within a
reasonabie time (6 months)

No release of contaminants.

Tornado

Design Basis Tornado:

150 mph rotational; 25 mph transitional velocity
Plus or minus 0.75 psi pressure changes in 6 seconds
Regulatory guide projectiles (240 mph)

Flood
10,000 year 4916.6-ft elevation

Lightning

Withstand any strike

Snow

45 inches wet snow; 30 Ib/fté
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EI " New Waste Calcining Facility

1

"NWCF

i

Qg

B B

4
5
]
7
8
g

11
12
13

Control Room

Blend and Hold Cell

Feed Flowmeter and Control
Valve Cubicle

Calciner Cell

Off-Gas Cell

Adsorber Cell

--Off-Gas Filter Cell

Off-Gas Blower Call

Filter Leaching, Crushing,
Packaging Cell )
Remote Decontamination Call
Hot Sump Tank Access

Valve Cubicle

Manipulator Parking and
Maintenance Area



9er

Waste Feed.
Solulion

Atomizing .}

Karosene

Scrub Recycle

700°F

-4 Cyclone

Calciner

Air ‘
Atomizing el
Oxygen e

--—_*—-_“'—-—'—

\ S

Quench]

Scrubbeyr
Separator

Venluri

ondenser

Mist

Entialnment

Separalor

&

Silica Gel

ealer

ICPP

Slack

Mist Separalor _‘
Healer

HEPA
Filter
Banks

Fluidizing Alr~7

Blower

Solids Transporl Air :

2 NWCF Schematic Flowsheel

F Intercoolers

R

. Tower Adsgorbers —
war
Tall Vent
: CH:LESn Quench
jotum Surge Tank =
Off-Gas
—— Compressors
] T Atmospheric
== Protection
! * _ System
5004
' gy FFIEL
& T 00F] R
1 .' /]
REE g Solids Stojage IV
Venlilation Air - L ICPP-A-10370
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$2 A—27 Vo VBEIIMEH ( 0ak Ridge National Laboratory ; ORNL )
ORNLTH, FBABRAECKERL LT,

© Transuranium Processing Plant (TRU)
o Integrated Equipment Test Facility (IET)

DM, REETT oo

421 TRU

@ E4S#EF W.D.Burch, J.G.Stradley, 0.0.Yarbro, Ji.Young Chang
® AFEH CFRPMAMKE (Feb 1984 )

® WHROWME(EANE J.G.Stradley, D.E.Benker, F.R.Chattin)

(1) TRUMKE Transuranium Processing Plant OBEHT, B D ORTHF TR
ANABREHLLBY 7 v AEFERTHEMT, 1965 FELLERMAKINA, 333
X 37.5m@H L 2MEBRBEET, 9F@OTy P EFL TV D,

2 3 v 2FRXFEALTCEY, == e exfFlt, FEYPH, #~7, 71102, B
BEENIm, B 2nBEOCT ¥ 7 VIKHARAAKT v 7 &R L, ErRHTORE
BEHECE TRUMEXFERALTWS, TRUHKTFR, BKRo THIRICRIIRE,

(31 SETFIX, Solvent Extraction Test Facility OBEIRT, C6triT3Z v 7
FIEFEL, 1978 FEHLFLEHXREEMEL T S,

(4) % -P/E> v 271KE, CPF I HIHOERE, HREGEIEIRATNTRE, B
B4 yFORES 7 ABEHBEMERTH Y, ChIKEEFPITHT LKL hFEE
BAEE R L T B, |

B) BT v 2iclE, SEI T b7 IEFEIRAATHY, [HH-=27 >
7 -t | ORBRICHL TN B,

IFV IR, SUSETHEEIC I I, sTEIKE b >WHREPTLFEET, B
HMCEHEHZATBENLCERED, £t SHOREEFAHCL TR,
'@ BEZE (SETF/TRUBRE)

(1) 185ﬁk5v¢@§m%%10@%ﬁ0t»@%#Avf&%mTHMLﬁa;¢

R, *0EEa s ) —t 74 = rERCAN—BRE,
frde, K7, SATER T 2%5FHHIF, MS =il —-2RHWTH,
(2 52 vAT akRALER>ABEL OREYREROERH LR,
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4 M/S~a2tav—20F—7"WHHEE4T, AT T7—2LORHTHM, 7—v
B9y ATZBL T 50, BASOBARTOBERHE,
B 3% LrIhbDZyy VEER S —23kEWD, .
6) TAFO2RUBEAABTEHE, +1vv L7+ rs2ToheBRETBICLRLY,
75 9 FER.
(N 3232 5Hho0r7Y v rd, RBRBEET, KERUEBEENIKEEHRD,
BERA2v7 b, 8~1 2BMTWEBRRI Y~ 7Y v 7k,
B SROFE; 2~37ANK 80,000 MWD/ TOFFTFHEBERE 22 AN, +0O
#100000MWD./T %Z51E
TH, AR, BRERAZOMELIDLN, 22 2~3E3SETF #8642 w, 2
Bl /DN — R,
@ CZZTUMRERLT-Tw A0 EREREIMEER TERLALOT, Pu EED
BAMOX®PuO: DEBE L Lk,
10 BEFEREB/BPICERLATO 6 SRFBHBRBPICRET 2, AELRAED 25
éﬁ#ﬁﬂ%kmo
0 E—%A 72 HE, FEZV4 2 BT, EFHICKER, HHSESLELEDF
FERTHOK, FOREOY 4 X, HEERELHLBEA > b,
® B #
TIRF eI F2—TOEH, AR AUHBEEI LOEEERERHBENEEC o
7o
- ANSTOHESLD, CPFLOMEBNE(, FRXROFALER K L. AF
L7 Dr.Chang 3 CPF/TRUDHFRTMELDOIL BN L W S REEF L%,
ARBOHBHE BB LD, 2HSEO~—23 1 BORBOMMBERM 8~ 1 2 B
EBHDTENC LD DY, CPPLHEBTLLEANIKCSIN, F— 2 EH, FHEOESL D
B—EWKET 5,
KETHBEO¥ AL LM anti-nuclear QT v—# v BERINTLEFHO
BEOEEIEL-OTE? [SETF2woiEET 20507 ] OFwe [2~3&)
Rh7n] L9 Yarbro LI DPHBKE - 72,
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422 | ET
® W& #EF SETF/TRUKREL,
@ AFEHE IETHHBKETLHZIOExL,
® BHROBE
ORNL® CFRP (Consolidated Fuel Reprocessing Program) BERIK S
9, BRETHEOADLOEBAB T > Ty H2HBRTH S, MREREIUTOED,
(1) Control Rooms
2787 (1PE2F)KAHPNTE Y, 2FCRIETHOMEBRICE T ZEETENRR
¥2>€a—2%, CRTTF1 A7 VvAZETHANTRG BNZHToTnw5b, 1 FARR
THERBROFBETD 5,
{20 Remote Maintenance Area
o B RO
Voo A kg, EMKOBKKTDS Y, REhEBEEL, v —r—%
BHEERTS44 7OBDTh B, EAEI 7 — 2B TADETA By V¥ —
HMARBERIKkW T2 PEEEEREI~2kWTS 5,
o A BT
BERABTH-AEANBEBRET > Tw 5,
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B—2 ) —% 0y ROBFFBREIHBTE » PCRBIN TS, BRBEERCD
WTERARETH 2N, BATEOETHENRZ L Ebhib, TEREFETETH
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F—1r 7 F¥RHnb, WbhW®AxTTE 22 YRT LERSTND,
« Electro Servo Master Slave Manipulator
WA T, TNTOEMIC<1 57 7~ BiEED D, MEOMIC, NEOFA R
P V=Y FERD, 300N AT TS F— LI LIETEHRMET S5, Master
% Slave Wb h KB TH D, HicMaster FIOAEIR 1 FEOTHH ==
AaVv— XL, B33 mX3nDLdFLELEL, BEEE 32 MK
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* PNCO==tav—2s (HELN)
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Electro Servo Monipulator L BT~NTHREBEINTH B, -4 55 5 A sten
FHEETTHD, TOREPNCOHERBRTW D,

CHEV YT Yy vRToa

A BECRELABRELETT 241707 Y rru®fy b2, TOBX
T T BERB TR TV s RF v a v TREARD, V7Y o
fuﬁQhﬁﬂyfuyizi~v;V«@@L,%@vr?»ay&%ﬁb,v
YTAPDOA T v EBERLTCRS, COFEFTY> 7Y Zaky biciE1 2@
DY > Tnerhies bTED, TRV 7Y 2784y TR, BERIIFRT
VI ERORBRERET o Twd, =— VARBETRTIETS b, WA
NEHSHER 2o Tnd, i, o7 E v OPREBA TN BHE 55O
HERBA K,

{3} Process Equipment Area ( ¥ 5 V%ﬁmfcﬁ%%ﬁofv:é)
« ATRE, QHEEES
* HAWHEREGRUF IODOX v X7 &
EEEME TEST R WADERIGD £ 1 7 ETH,
IODOX ¥ 2T ald 7 2 v MUTH B,
« SLRHT A
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BERACREBEINLN, COBBOERE r2n 7 aBAbitnwE s, Mt
REOCEMEILEE> T 2E0BHALLTH D, EBO 7S v I TRE1V4 21
KN TERHRICL 28, EHRRICSHE, HRHBEKL 28R, BLEOD
E—F—R2AMHK I OREOCHEE TS b, BHKI 2RHUELETSLLOH,
@® TOMBBILER
» S5 9FTHORKEREMRLFOEFE L, Long-TermOBHEEDLIHETEHEL
TR, SEOFHICENT, BN, 75 Elsrr2—0/ A rOERBITHE,
HEBRFEF—~O1DELTRELALTS, ORNLHD, Zo#Hbew HICAS
cteRdko
o X2 2—QY—2FK, EEECETLIT—22BRLkL ZAEBREFICETS
HEPFROT — <o TnDELLETORTERLTELYR, LOEETH 7%,

43 MorrisB#HEIE (Midwest Fuel Recovery Plant, MFRP)
® 4R# Mr.Eugene E. Voiland
® AFER-—%
a) MIDWEST FUEL RECOVERY PLANT TECHNICAL STUDY REPORT
(JULY 5, 1974)
b) ACTIVITIES AT MORRIS OPERATION
® MORRISBAEIHOBME
1. M.F.R.P.OfFH
u)1970@4u/4M%-v%KGEﬁﬁthMTU/¢®¢ﬂE@E77yr&%
Blko LTI I Y7 34— FOFv=FvBHer ( KBtV RCENBETIE
WL, BRI VREFETORET) 2BRAL, ERAFETELZLEIFTLEL59%K
FETEI N Tn 5,
(2) BAEKIoTHRLAY > > %95 vERTIE (Fig.—188) TUR % THEL,
BT 1 7 OB ER> T B,
2. M.F.R.P.BEEEORKE
(1) 24FMO—»r FREOER, MBv > » RS (V—404 : CALCINER) O =
Fv— s XARUA L ABICY 5 yRRAFELEOMBEEEC L, ROBABTRES
ERLARTHFRATH, BREFBLRETWC EAHHALL, (Fig.—22R8)
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4) BABOEEHESETLAHEIASZAERO—D2TH 5,

3. M.F.R.P.OHIk

(1) M.F.R.P. DEERE

HEMF.R.P- A3 BEOEH *To T b, HEEEHS5 0 A,

1) HRFANOBERE* + 2 7 DT |

2) ERERBORARK

C EHAMIORMICL VERL TR B, REM280 b OMEERERE LT
b, BFREREBIHT00 + >,

© 12~14FBEFRELTWARENE S,

s T—rKBe—tRryTERTHEBHOFEE1To Tw 518,

3) R - BR
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%o (1%+X2%% ) 10TON:BWROBREEEET2)
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@) BEWEm

RANBRLBOEGBICHI BV~ v REREDLEIEE, ¥v1 1 HO60,00052>0
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44 West Valley BHIBTIE
@ &£ A # Mr. W.D.Hoffman (Specialist Public Information)
Mr. C.Chapman (Manager Component Design)
Mr. Roberts
Mr-_:_Marchet_ti
" Mr. Klanian |
@ AFEH [ The West Valley Demonstration Project| @3> 27 Vv » b
® MEOEE |
a) West Valley 77 ¥+ OB
'7:1’( b ffv—%MﬂiI%&;t1980@@@%%%(%(3 West Valley Demonst -
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7o
ML TWest Valley Demonstration Program OZfTOABIK, HHED €N
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1 ¥ 7 RENTAHTON TR 5,
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UP3 DESIGN CONCEPTS :
MAINTENANCE IN A COMMERCIAL REPROCESSING_ FACILITY

C. BERNARD, F. CHENEVIER

S G N, 78184 Saint Quentin Yvelines, FRANCE
COGEMA, 78141 Velizy-Villacoublay, FRANCE

INTRODUCTION

The UP3 plant in La Hague, France is designed to reprocess 800 tons
per year of spent fuel from LWR's, with active start-up scheduled for 1988,
Basic design criteria aim at ensuring production under satisfactory operating
and safety conditions and within acceptable cost.

A modern reprocessing plant is characterized by the utilization of
an efficient process that satisfies specifications for end-products,
achieves high recovery of these products, meets radiocactive release
restrictions, and enables processing of all waste for final disposal.

To meet performance standards, a complex process is implemented that
includes multiple functions and which therefore requires a large number of
unique pieces of equipment.

Stringent safety criteria to guarantee personnel and environmental
safety under all circumstances are also required.

Degign criteria for UP3 draw upon operating experience from existing
French plants in La Hague and Marcoule, where high levels of safety have
been achieved, both for normal operations and for the rare abnormal
situations, which never incurred significant consequences, In particular, a
gignificant reduction of personnel exposure at La Hague has been achieved
in recent years, despite increased production and higher specific activities
of fuels. For example, the average individual dose was reduced from
468 mRem/year in 1976 to 187 mRem/year in 1983. During the same period,
the cumulated dose decreased from 0,89 man-Rem/MWe year to 0.11.

With respect to availability and ease of operations, experience has
shown that radicactive eguipment maintenance is the main cause of shut—
downs and poor working conditions for persomnel. Maintenance problems
‘relate primarily to equipment subject to wear such as mechanical apparatus,
pumps, valves, ete. Nevertheless, experience has also shown that most of
the welded process equipment can attain reliabilities equal to the life of
the plant, except for equipment subjected to severe corrosion, for which
special measures are generally provided to limit the consequences of a
failure (for example, existence of back-up equipment)., Pipe plugging is
another cause of plant shutdowns.
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There is an increasing level of difficulty over time to maintain
certain equipment, due to the increasing contamination of cells and of the
materials used for their maintenance {(manipulators, overhead cranes etc.).

UP3 DESIGN BASIS

Based on this experience, a substantial effort was undertaken at the
very beginning of the project by all concerned (CEA as licensor, COGEMA
as owner/operator, and SGN as architect engineer) in order to define UP3
design bases as well as the agsociated R and D program,

In parallel with studies to adapt the Purex process to the modern
plant and to design facilities according to the highest standards of safety
(i.e., seismic criteria), two especially important design goals were
selected:

~ to reduce individual dose rates to less than 0.5 Rem/year

= to guarantee productien availability for the life of the plant.
These goals require that particular attention be given to containment of

radioactive materials, reliability of installations, and maintenance
capabilities.

1 - Containment of Radioactive Materials

This subject is of the highest priority both for the plant operator
and for the French Safety Authorities. The standards applied to UP3 are :

— two effective barriers in normal operations between persomnel work
areas (maintenance areas) and radioactive materials, and

- at least one effective barrier during maintenance operations.

The primary barrier comsists of process equipment and associated
apparatus (such as off-gas treatment). Out-of-cell piping connecting
process equipment is a potential source of contamination that must be
prevented by the use of additional barriers, such as filters, wvalves,
hydraulic plugs, dynamic containment, etc. These provisions are defined in
precise specifications and installation standards. Furthermore, the
integrity of the primary barrier is monitored continuously.

The secondary barrier comsists of cell walls and associated systems
such as ventilation, and it ensures containment of radioactivity when the
integrity of the primaty barrier is not effective.

Special provisions are made to reduce the release of contamination
outside process equipment during maintenance operations. In particular,
for standard process equipment (pumps, valves, etc.), the use of special
devices enables replacement of the apparatus without breach of contain-
ment. These devices, which are discussed later in t Hs paper, prevent
contamination of practically all the chemical process cells for the life
of the plant.
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This is considered a significant advantage since it facilitates contact
maintenance, if needed, and especlally ultimate decommissioning operations,
while reducing the volume of the associated waste.

If such measures were not taken, a progressive and practically
irreversible contamination of the cells could be expected, w hich can create
problems after several years of operation since the secondary barrier
becomes, at that time, the only effective barrier. As a result, there
would be an increased risk of contaminating work areas, together with
increasing difficulties to maintain production levels, unless additional
measures are taken to improve the efficiency of the secondary barrier, such
as tightness, stainless steel lining, and air locks equipped with decontami-
nation devices for materials handling.

For specific mechanical equipment, which are consolidated in a few
cells specially equipped with manipulators, viewing windows, lining, etec.,
complete avoidance of some release of contamination outside process equip-
ment is not possible, due to the opening of the first barrier during
maintenance operations. However, special measures are taken to minimize
this release, such as equipment cleaning before removal and dynamic
containment by an air flow barrier,

All these stringent measures contribute to the improvement and the
continuity of plant production.

2 - Reliability of Installations

Plant availability is a function of process and equipment reliability,
as well as of maintenance capabilities. Careful attention was given to the
reliability and flexibility of the process, to avoid rework of out-of-spec
products, as much as possible, This implies sufficient margins of safety
during operations to respond to minor disturbances, and adequate process
control. Analyses and tests have been conducted to evaluate this reliabili-
ty. Whenever possible, continuous processes were selected over dis-
continous ones.

Piping with the greatest probability of plugging was carefully studied,
and measures were taken to reduce this probability or to enable remote
unplugging.,

The highest achievable reliability was considered necessary for compo-
nents, even if remote maintenance is possible, because maintenance is
always costly, restricting and waste producing., A significant development
program was undertaken to this end, using full scale prototype testing,
for :

- special process equipment such as the shear, rotary dissolver,
annular pulse columns, etc.;

- standard process equipment such as pumps,. valves, filters, etc., and

- the utilization of new materials such as zirconium and special
stainless steels (silicon steels and others), in order to eliminate servere
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corrosion and to guarantee the longevity of the equipment (for example,
under highly oxidizing boiling nitric acid).

All the equipment developed in this manner were subject to a qualifi-
cation procedure in order to define fabrication specifications and
operating conditions. New materials are also subject to rigorous specifi~
cations and inspection procedures.

Since the modern reprocessing plant encompasses a number of functions,
the reliability of the installations corresponding to each unit (function
or group of functions) that may be operated independently of the adjacent
units, was evaluated to determine :

- The plant availability factor according to the estimated reliability
of each of its units, '

- Buffer storage requirements between units to avoid total plant shut-
down in the event of a failure in one part of the installtion. The volume
of buffer storage is a function of the estimated duration of the most pro-
bable failures. Since each unit ahs some excess production capacity, pro-
duction losses can be avoided during most failures. Buffer storage
presents the additional advantage of avoiding wherever possible, shutdown
and restart of units like pluse columns, which take a relatively long time
to reach equilibrium,

- Redundancies if required,

- Maintenance concepts to be applied according to the type of
equipment and its operating conditions.

3- Maintenance
The design of UP3 distringuishes between :
- Anticipated preventive or corrective maintenance ("normal maintenance')

- Unforeseeable corrective maintenance following ("exceptional
maintenance") an unexpected event.

An part of routine operations, "normal maintenance" does not hinder
working conditions and is subject to procedures established in the design
phase and verified during testing. "Exceptional maintenance", on the
other hand, consists of special operations subject to special procedures
established for the particular situation, in association with the Operations
and Health Physics Services.

Given these principles, it was decided that all "normal maintenance"
on radioactive equipment at UP3 would be performed remotely when specific
activity is greater than 5,102 Ci/m3, which is the case for most of the
active plant equipment.
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Three categories of equipment are identified :

1) Welded Process Equipment. Most of this equipment does not
have movable parts subject to wear, and is designed and fabricated under
stringent specifications using appropriate materials so as to last for the
life of the plant. This type of equipment is installed in a number of
cells, accord1ng to act1v1ty levels.

Measures are incorporated in the design to facilltate, in exceptional
circumtances, contact maintenance for equipment repair or replacement (de-
contamination, access, use of robotics). The small number of equipment in
each cell further contributes to ease of maintenance, In certain special
cases, this equipment can be replaced remotely using remote-operated
jumpers like those used at the AVM vitrification facility in Marcoule.

2) Standard Process Equipment. Equipment such as pumps, valves,
ejectors, impellers, filters, etc. need periodic maintenance. This equip-
ment was designed in removable modular form to avoid the need to disconnect
piping (see figure 1). Removal is performed under shielding and without
breach of containment througj the use of a transfer cask that is connected
to the cell containing the equipment to be removed. This transfer cask
is called MERC (Mobile Equipment Replacement Cask). Containment is
preserved by an air-tight system consisting of coupled doors, with a
special connecting gasket. This system can remove and replace failed
equipment, without spreading contamination to work areas.

Two types of transfer casks were developed :

- TheIMERC.with a sliding hatch for large equipment (up to 650 mm in
diameter and 2 meters high), including (see figures 2 to 5) :

* a hatch cover connected to the cell containing the material to
be removed ; the lower door is connected to the shielding plug of the
equipment, once the motor situated in the maintenance cell has been
removed, if necessary ;

*'a transfer cask whose door is connected to the upper hatch door.

The coupled doors between hatch and cask are opened inside the hatch.
Next, the equipment to be removed is lifted inside the MERC with an
automatic gripping device. Once the equipment has been drained, if required,
the coupled doors are closed, and the cask is disconnected and transferred
to the waste processing facility. :

The hatch is shielded to prevent irradiation in the maintenance area
when the shielding plug of the equlpment is removed

Replacement equipment is brought in by another MERC and 1nstalled
using the same principle.
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- The "Revolving" MERC (see figure 6) for smaller equipment (less
than 150 mm in diameter) is an air-tight cask with chambers that can
contain new and failed equipment simultaneously. Failed equipment can

thus be removed and replaced by new ones in one operation with a single
MERC.

.
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Fig. 6. MERC Revelving system

Moreover, equipment that can be removed by MERC has been designed to
be rinsed in site and to prevent retention of liquids during removal.
These precautions are intended to limit internal contamination of the
MERC during transfer operations. Nevertheless, measures have been taken to
allow periodic decontamination and maintenance of the MERC systems.

3) Other Remotely-Maintainable Equipment. All other equipment
requiring remote maintenance - chemical process equipment mentioned
earlier, and more generally all mechanical equipment such as shearing
machines, calciners, melters, spent fuel handling systems, solid waste
handling systems, etc. - were specially designed to facilitate remote
maintenance through replacement of complete sub-assemblies. Particular
attention was given to facilitating access to sub-assefiblies considered to
be the least reliable, such as motors and monitoring devices. Most of
these sub-assemblies were designed to be removed using MERC in order to
prevent the spread of contamination outside the cell, with the exception of
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certain large components, such as the shear magazine, which will be removed
and replaced using an air-lock equipped with decontamination and packaging
capabilities.

Remote maintenance is performed in-cell with cranes and remotely
operated tooling, using master-slave type manipulators. Heavy manipulators
can also be used for special cases.

Cranes and manipulators are reserved for maintenance only. To 1imit
contamination during normal operations, the cranes and heavy manipulators
are stored in special crane maintenance cells.

The design of in-cell cranes with remotely-maintainable sub-units
further contributes to ease of crane maintenance. Sub-units are redundant
to permit completion of a lifting operation in the event of a component
failure. : '

In general, maintenance cells are associated with one or more process

cells where failed process sub-assemblies can be removed, cleaned,
repaired and temporarily stored. (see figure 7).
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Fig. 7. REFERENCE LAY-OUT FOR REMOTE MAINTENANCE CONCEPT
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Treatment and Processing of Waste from Maintenance Operations

Waste produced from maintenance operations is virtually limited to
discarded equipment, thus considerably reducing the quantities of
secondary waste such as plastic, rags, gloves, cotton, etc.

Experience has shown that decontamination of discarded equipment is
difficult and generates effluents and therefore waste. Moreover, decon-
taminated equipment is often difficult to recover and repair, given the
quality criteria involved. It was therefore decided that it is uselesgs to
systematically decontaminate this equipment for recovery and that a large
number of them ghould be considered waste. Solid waste from discarded
equipment is thus subject to special provisions aimed at limiting its
volume and activity as well as the spread of contamination during
processing.

Discarded equipment from active production cells is transferred by
MERC and unloaded under containment into a casing in the waste processing
facility. (see figures 8,9,10)., Processing is performed without opening
the casing, by embedding in cement in an asbestos-cement container.
This method avoids contamination mot only of process equipment, but of the
surface of the treated containers as well.
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However, some equipment may be decontaminated for repair and
reutilization, or to investigate the dause of the failure. This requires
opening containment, with a resulting release of contamination to the
cells and is therefore performed in special cells.

Organization of Maintenance

Plant productivity depends on the organization of maintenance
activity as much as anything else. Advanced techniques in computer-aided
operations management are used, including :

~ management of spare parts ;

- development of. scheduled preventive maintenance. In addition, the
use of predictive maintenande systems, such as vibration sensors on
rotating machines, enables periodic or continuous monitoring of the
condition of the machine ;

—- analysis and scheduling of contact maintenance, if needed ;

- computer-aided operaticns and simulations 3

~ creation of data banks for component information and operations
feed-back.

CONCLUSION

UP3 design concepts benefit from existing plant operating experience,
“‘to create a coherent and complete system. In particular, UP3'stesign
ensgures & e ' '
- plant availability through :

. process optimization ;

. equipment relisgbility ;

* remote maintenance of all equipment where necessary, particular-
. 1y through MERC, the Mobile Equipment Replacement Cask, which constitues an
innovative approach compared to existing plants ;

. orgénization of maintenance activities ;

. .~ prevention of "premature aging" of the facilities by minimizing the
spread of radioactivity outside process equipment ; and

- reduction of both the volume and the activity of waste produced
by maintenance operations.

— 198 —



DEVELOPMENT OF A CONTINUOUS DISSOLUTION
PROCESS FOR THE NEW REPROCESSING PLANTS AT LA HAGUE"

P. AUCHAPT (CEA-MARCOULE) ; L. PATARIN (CEA-FONTENAY-AUX-ROSES)
M. TARNERO (CEA-FONTENAY-AUX-ROSES)

ABSTRACT

The French Commissariat 2 1'Energie Atomique has designed a continuous
rotary dissolver for LWR fuel reprocessing. An industrial prototype has been
tested since 1979 at the Service des PROTOTYPES Industrials, at Marcoule.
This type of dissolver will be installed at the COGEMA's Reprocessing
Plants at La Hague.

The advantages of a continuous process are listed, compared to batch
dissolutions (chemistry, operation, capacity). The industrial prototype,
featuring safe geometry, is described.

The R and D program is indicated, and the main results of inactive
tests already performed on the jndustrial prototype are given, including
heating, mechanical, and chemical tests (U0, dissolutions at 4tU per day).

1 - INTRODUCTION.

In the chemical industry, processes always tend to change from batch to
continuous, to facilitate plant operations and boost capacities. In repro-
cessing LWR fuels, Commissariat a 1'Energie Atomique (CEA) has designed a
continuous process for the U0, dissolution step, which, compared to the
batch dissolvers operated at present, offers several advantages concerning
the chemical process, in addition to those menticned above. This type of
equipment will be installed at COCEMA's future LWR reprocessing plants, at
La Hague. (UP3 ; UP2-800).

We shall list the advantages of a continuous dissolution process,

describe the dissolver developed by CEA and the steps in the corresponding
R and D program, the results already obtained, and the remaining program.

2 — ADVANTAGES OF CONTINUOUS DISSOLUTION.
These adﬁantages are of three kinds, related to process chemistry,

equipment design and hence operation, and production capacity.

Advantages concerning process chemistry.

The dissolution of uranium dioxide is accompanied by the evolution of!
NO,, which reacts with the water vapor in the gas phase to give nitric and
nitrous acids. The latter is unstable in boiling nitric acid .solutiomn, but,
in continuous dissolution, the permanent generation of NO, always ensures
the presence of nitrous acid, as opposed to batch dissolution.
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The presence of nitrous acid offers two advantages : a) reduction of
Pu(VI) to Pu(IV), whose partition coefficients with the solvent used for the
following steps in the process are higher than those of Pu(VI) ; b) less
ruthenium contamination of the dissolver off-gases, probably due to the
reduction of volatile RuQ; to nonvolatile specieg of ruthenium, pointed out
during tests performed at Fontenay-~aux~Roses,

Advantages concerning equipment operation.

The operation of a batch dissolver consists of a sequence of cycles, a
typical cycle being composed of the following steps : nitric acid filling ;
heating ; loading ; end of dissolution ; cooling ; emptying ; acid rinse :
water rinse ; hulls discharge ; repositioning of the basket in the dissolver.

These elementary operations can be automatic, but are nervertheless
relatively complex. Hulls discharge involves a rupture of the confinement,
which may lead to cell contamination.

On the contrary, for a continous dissolver, when steady state conditions
are attained, the operation is simple.

Advantages concerning production capacity.

The maximum capacity of a geometrically safe batch dissolver is about
2 tU/day. With a conventional geometry batch dissolver, capacities of
about 4 tU/day can be attained, butthis involves homogeneous poisoning of
the leach liquor, with the resulting drawbacks : supplementary reagent
and monitoring, and a larger volume of glasses produced by the vitrification
of fission product solutions.

Batch dissolvers present the disadvantage of requiring one heating and
one cooling operation per charge, i.e. every 1 or 2 tons of uranium. A con-
tinuous dissolver needs only one heating and one cooling operation per rum,
regardless of the quantity of fuel, Downtime is significantly reduced, and
capacity is substantially increased. Continuous hull discharge also elimi-
nates downtime for basket emptying for batch dissolvers and also helps to
raise capacity. ‘

In conclusion, with a continuous process and relatively compact equip—
ment, one can expect higher capacities than with batch dissolvers.

3 - PRINCIPLE OF THE CONTINUOUS ROTARY DISSOLVER.

The principle adopted is that of a bucket wheel, partially immersed in
the leach solution. ' Sheared pieces containing uranium dioxide to be dissolved
are loaded into an immersed bucket. The wheel rotates with the pieces
immersed in the dissolution liquor, and the buckets then emerge and dump out
the hulls. '
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4 -~ SPECIFICATIONS OF THE CONTINUOUS ROTARY DISSOLVER.

The rotary dissolver designed to reprocess LWR fuels, and described
in this paper is based on the following specifications :

a) dissolution process : continuous

b) safe geometry (no neutron poison in solution)

c¢) fuel loading : semi-continuous, the maximum size of the chopped
pleces not too large for the inside dimensions of the buckets.

d) dissolution by a solution of uranyl nitrate + nitric acid of
average concentration U 250 to 300 g/1, HNO3 3M, at boiling
temperature.

e) preliminary rinse of the hulls in vapor phase, inside the dissolver,
before unloading.

f) preliminary monitoring of fissible material retained by the hulls
before they are unlcaded.

g) final rinse of the hulls in the hull lifting equipment in the
hydraulic seal on the discharge side.

h) possibility of replacing all the mechanical parts in a single

operation needing no disconnection of active pipes.

) minimum production capacity 4 tU/day for EDF PWR 900 MW fuels.

) desorption of the ilodine, from the dissolution solution, in the

dissolver, with minimum descontamination factor of 100.

5 - DESCRIPTION OF THE CONTINUOUS ROTARY DISSOLVER.

Figure 1 shows a general view of the dissolver Whlch has the following
components

a) A fixed élab with external stiffeners to prevent any increase in
slab thickness incompatible with criticality safety speciflcatlons. The
glab is equipped w1th :

- process and control pipes ;

- loading and unloading chutes ;

- external, horizontal cooling jackets, just above the liquid level,
which can be used to "break" the foams produced by dissolution ;

- the lower part of the hydraulic seal, into which the dissolver cover
fits ;

- a lateral settler, before the dissolution liquor outlet. This settler,
located at one end of the slab, is separated from the remaining
part of the slab, by a vertical baffle, perforated at the bottom.
The solution exits through a Welr.

- heating jackets. .

b) Moving parts, including :

- the cover, ensuring the confinement of the dissolver off gases
towards the outside, with a hydraulic seal ;

- a removable recycling air-lift, borne by the cover, which aspirates
the hulls and other metallic scraps which may fall to the bottom of
the slab, and recycles them to the bucket in the loading position
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5D,

FIGURE 1. CONTINUOUS ROTARY DISSOLVER

Second Industrial Prototype. General View
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~ drive mechanism, also borpe by the cover, and also removable, with
wheel rotation, angular positioning and locking components. The
entire unit can be disconnected from outside to allow handling of the
COVer.

- welded assembly fixed under the cover, and bearing several components

« rollers supporting the wheel ;

+ the end of the loading chute, which ensures the continuity of the
chute above the bucket in the loading pesition ;

« a funnel which receives the chopped pieces passing through the
chute, and conveys them over the bucket in loading position. It
also receives the solution from the recycling alr=1ift ;

+ a hopper receiving the hulls dumped from the buckets and
conveys them to the discharge chute ;

+ the wheel, one side of which has a bevel gearing, ensuring drive
by a pinion with a vertical shaft passing through the cover, with
tightness provided by a hydralic seal. The inner part of the rim
bears on the rollers, which also guide the wheel. The outer side
has a plate to which the 12 buckets are fixed, which are in fact
the "baskets'" of the dissolver. . :

The cover can be lifted to offer direct access to the interior of the
vessel. This could be a major advantage ofr maintenance, decontamination,
inspection.

Operation.

The wheel rotates in steps of one-twelfth of a turn (continuous rotation

is unfeasible, since the bucket being loaded must be in a fixed position
under the chute). Every bucket occupies the following positions in
succession @

- immersed, before loading (1 step)

- immersed, in loading position (1 step)

~ immersed, in dissolution position (3 steps)

- emerged, still loaded, in the hull rimse position (1 step)
- emerged, in unloading position (3 steps)

- emerged, before loading (3 steps).

Dissolution is monitored by classic measurements (level, density,
temperature, pressure) and also by nuclear measurements : rough check of
residual fissile material in the emerged bucket before dumping, check of
loading funnel clogging, check of bucket emptying.

Producticn capacity.

This is not an intrinsic characteristic of the dissolver, and depends
on 4 distinct types of parameter concerning :

- the chemistry of the dissolution process (time for complete
dissolution) ;
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- the mechanical components -upstream from the dissolver (chopping rate,
length of sheared pieces, time required to reload the shear magazine
with another fuel element) and downstream from the dissolver (dis-
charge capacity of the hulls dumped from the dissolver) ;

- the fuel elements and the capacity of the wheel bucket

- the rotation of the wheel : at equal time intervals, or at different
intervals, depending on whether a new fuel element is to be loaded
in the shear magazine.

6- EQUIPMENTS ASSOCLATED WITH THE DISSOLVER.

Two units merit special attention.

Shear.

The following specifications are applied to the units associated with
the rotary dissolver : preliminary separation of the end pieces of the fuel
elements, because they are too big for the buckets ; a bundle shear must cut
pieces under a certain size, determined after tests, for the same reason.

It must also be able to shear a known fraction of fuel element without
exceeding this quantity (to avoid bucket overloading).

Hydraulic seal on hull discharge side.

For this item, which ensures the confinement of the dissolver off gases
on the hull discharge duct side, the CEA has developed a special apparatus.
It consists in a cylindrical vessel, with a vertical axis, into which the
end of the hulls discharge duct is immersed. The liquid level in the
vessel ig higher than the end of the duct, providing a hydraulic seal.

A spiral ramp is welded to the wall of the vessel, which is actuated by
rotary jerking motion. The hulls falling from the dissolver ascend the
spiral ramp under the jerking action, up to th eir outlet. The vessel is
supplied continuously with a rinse solution, fed by a nozzle above an
emerged part of the spiral ramp. The hulls are rinsed by immersion, then by
sprinkling, and are finally drained before removal.

Shearing-dissolution system.

Figure 2 illustrates a typical configuration. No rupture of confinement
occurs between the shear and the discharge of the rinsed hulls.
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7 - DEVELOPMENT PROGRAM.

Development was achieved in three steps. A non-nuclear prototype was
first built in 1970-1971, at Fontenay-aux-Roses. Its capacity was 300 to
500 kg U/day. UO, dissolutions were performed, and data were obtained on
foam thickness, vapor phase rinsing, hull discharge. The next step was
the construction and testing of an industrial protetype, at Marcoule, from
1971 to 1976, capacity 2 to 3 tU/day. The main results obtained relate to
the "nuclearisation" study, optimization of bucket shape, cireculation of
the hulls, rinse efficiency in the vapor phase, research on materials for
the rollers, and tests of hull aspiration by air-1ift. The final step
was the construction of the second industrial nuclear prototype, at
Marcoule, capacity 4 to 6 tU/day. The unit was designed by Service des
Prototypes Industries, and tests are under way since early 1980, For this
dissolver, which is the most elaborate of the series, and which closely
resembles those selected for the future La Hague Plants, we shall now
discuss the main characteristics, R and D programs already completed, and
those remaining to be carried out.

8 —~ SECOND INDUSTRIAL PROTOTYPE.
Design work was conducted in 1977-1978. The prototype was built from

June 1978 to september 1979. The test facility was set up from the second
quarter of 1978 to the end of 1979.

8.1. Prototype characteristics.

In addition to the general specifications listed before, the equipment
also has the following features :

- criticality safety : safe geometry in the following conditions :

- maximum fuel enrichment : 3,5 % 235y ;

+ nitric acid solution HNO3 3 M ;

* a maximum of 40% of the normal bucket load is dispersed in the
solution.

- construction : the slab is of stainless steel Cr 25% — Ni 20% -
Cg 0.02% - Nb addition. The other welded parts are of stainless steel
Cr 18% - Ni 10%Z - C < 0.02%.

The unit was built strictly according to CEA engineering specifi-
cations for stainless steel welded equipment of this category.

- production capacity : Calculations have been carried out using the
following :

* CEA data about the process chemistry (minimum residence time
necessary to ensure complete dissolution) ;

* CEA engineering data about the shear ;

* maximum loading capacit- of a bucket, determined after tests 3
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* assuming that the wheel advances at equal time intervals ;
» assuming that a fuel element is loaded into a whole number of
buckets.

For PWR fuels, the calculated capacites rangé from 4 to 5.25 uT/day,
with the high capacity reached for EDF PWR 900 MW fuels, for which the
dissolver was optimized, Capacities for BWR fuels range from 3 to 3.2
uT/day.

~ dimensions : if may be noted that the dissolver can reach a high
production capacity of 5.25 uT/day, while remaining relatively compact :
slab of 5.53 m length x 5.57 m height, and 1.64 m maximum width (overall
width of the cover).

8.2 Main test results.

- Mechanical tests of hull loading and unloading.

The hulls were produced by shearing of PWR dummy fuels in a bundle
shear. The results confirmed the bucket capacities, and the cireculation
of hulls and also pieces including grids.

- Heating tests.

- These were carried out with water, nitric acid and uranyl nitrate +
nitric acid solutions. Heating times to boiling temperature, cooling times
and evaporation rates (necessary for iodine desorption) were found
sarisfactory.

- Tests of hull rinsing in vapor phase and in hydraulic seal.

After vapor phase rinse in the dissolver, the hulls in the emerged
bucket before dumping contain about 0.1% of the reprocessed uranium.
A very small proportion (2 to 3.10-6) is left in the hulls leaving the
hydraulic seal (i.e. uranium losses of the process).

~ Wheel support rollers. Bench tests.

A test bench was built to test potential roller materials, for stress
and abrasion corrosion. A second test bench was then built to test complete
rollers. The present roller model has remained in good condition after a
number of turns equivalent to more than 4000 days of operation at a capacity
of 4.4 tU/day, under 1.45 times the maximum design load, in a vapor phase
in equilibrium with boiling nitric acid solutions.

- Long-term tests of all mechanical components.

The purpose was to evaluate roller behavior and wheel and pinion cog
erosion, in working conditions as close as possible to actual service.
The dissolver was filled with boiling 5.4 M nitric acid, which was periodi-
cally replaced to prevent excessive accumulation of corrosion products.
Six consecutive buckets were loaded to simulate a resistive torque
comparable to service torque for at least two positions of the wheel.
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In these conditions, the wheel performed 2170 rotations in 2170 hours,
with stops and starts every twelfth of turn.

This is what the dissolver would have done to reprocess 4000 tons of U
from EDF PWR 900 MW fuels at the rate of 4 tU/day.

Test results were satisfactory. The drive torque did not vary signifi-
cantly, and average cog erosion remained low (0.1 mm) under stresses equal

to or greater than the actual stresses,

Roller erosion and deformations were slight, and the rollers were still
operational after the test was completed.

- Cleaning of the slab bottom by air-1ift.

The position of the suction end of the air-l1ift was determined, as well
as the air flowrate required to 1lift all the hulls dropping to the bottom of
the slab.

- Hydraulic seal on hull discharge.

The shape of the equipment was optimized after tests. The character-
istics of the jerks required to discharge the hulls in normal operation
were determined at the maximum capacity of the dissolver, and also after an
incident (accumulation of the hulls of three buckets).

Long-term tests were also performed on a hot cell drive system (107
rotary jerks, coresponding to about 450 days of operation).

- U0, digsolution.

Care was taken to perform the tests with a special grade of U0, with a
dissolution time as close as possible to that of an irradiated oxide. Dis-
solutions have not yet been performed on sheared dummy fuels. Only shearing
simulations were conducted, by feeding the U0, in batches of 5 kg every 30
seconds (5 kg is the quantity of oxide provided by shearing 35 mm of an EDF
900 MW fuel element) with the corresponding amount of hulls (simulated by
pieces of stainless steel pipes). The fission iodine emitted during dis-
solution was also simulated by continuous feed of a potassium iodide
solution. Dissolutions have so far been performed at the rate of 4 tU/day.

These tests yeilded the following results :

* the foam height always remained well below the level of the hull
discharge chute, even during the most active dissolution periods. (The
uper belt of the cooling jackets used to break the foams, situated below
the hull discharge level, was in operation).

* some baffles of the central zone around the end of the inlet chute
were slightly modified, to prevent spillage of hulls from the buckets being
loaded.

* entrainments of 1liquid droplets toward gas treatment represented a

mass flowrate of only 10 to 20 gU/h, i.e. 0.006 to 0.012 %Z of the uranium
dissolved. :
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= The evaporatilon rate required to obtain a D.F. over 100 for the
iodine in the dissolution solution was determined.

9 - ROTARY DISSOLVERS OF THE FUTURE UP3 REPROCESSING PLANT.
MODIFICATIONS TO THE INDUSTRIAL PROTOTYPE,

Inactive tests did not provide data requiring major modificatiomns.
However, the dissclvers tc be installed at La Hague will display some dif-
ferences, for reasons not directly related to the test results. The most
important changes are the following :

a) The slab material will be zirconium, instead of stainless steel,
because of its far superior corrosion resistance.

b) The roller fixing system will be altered and the new model will
only require service on one side of the dissolver, instead of both
in the existing prototype.

¢) As the UP3 Plant will be equipped with a device to measure the
fuel burn-up, it was decided to increase the bucket and slab widths
as well as the clearance bhetween bucket and slab. The UP3 dissolvers
will therefore only display safe geometry for fuels with minimum
irradiation. This change offers the advantage of increasing bucket.
volume, implying greater safety for the same load, or higher capacity
for some fuel elements., As the liquid surface area is lrger, foam
thickness will also be decreased.

10 - CONTINUED R AND D PROGRAM.

The R and D program for 1984-1985 includes the modifications for the
future UP3 dissolvers, and in particular :

— changes to the prototype to make it similar to the UP3 dissolvers ;

- UQ0; dissolution up to the maximu capacity of 5.25 uT/day ;

-~ coupling the dissolver to a bundle shear, and dissolution of sheared
dumny fuels ;

- tests of the same rollers and the same roller replacement system as
those of the future UP3 dissolvers ;

- long-term tests of a new model of hydraulic seal with drive system
cutside the hot cell.
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11 - CONCLUSION.

The R and D program undertaken by the CEA on continuous rotary dis-
solvers to reprocess LWR fuels, led to the design of a compact unit with
capacity up to 5.25 uT/day, which can be integrated within a system
ensuring full confinement from shearing to the rinsed hulls discharge,
without any basket handling.

The advantages are added to those of the continuous chemical process:
no Pu (VI) in the dissolver solution, less ruthenium in the dissolver off-
gases, and in site desorption of at least 99% of the iodine in the disg-
solution liquor.

By the end of 1985, systematic tests conducted at Marcoule will
provide complete familiarity with all the aspects of the operation of
these units, which will be installed in the future COGEMA rlants at
La Hague,
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