DIDULAILIVIEK

Conf-931034a- -,
lAuR- 94-3022

Title: Accelerator Transmutation of Nuclear Waste: Towards
the Elimination of Long-Lived Radioactive Waste

Author(s): | H- J. Dewey

Submitted to:

For presentation at the Pyrochemical Workshop to be held
in Albuauerque, NM on October 21, 1993

This report was prepared as an account of work sponsored by an agency of the United States

Government. Neither the United States Government nor any agency thereof, nor any of their
bility for the accuracy. completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
and opinions of authors expressed herein do not pecessarily state or reflcct those of the

United Sistes Government of uny agency thereof.

employees, makes any warranty, cxpress or implied, or assumes any legal liability or responsi-
ence herein to any sp.cific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwisc does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency theroof. The views

Los Alamos

NATIONAL LABORATOF

Los Alamos National Laboratory, an affirmaiive actiorvequal apporiunity empioyer, is operaied by the University of California lof the U.S. Department of Energy
under coniract W-7405-ENG-38. By acceplance of this article, the pubisher racognizes I 1l the U.8. Covemnment relains & nonexciusive, royaity-iree licenss (o
publish or reproduce the published form of this coriribulion, of to aliow. others to do 80, lor U.8. Goveminent puposes. The Los Alamos Nalional Laboratory
reauesis ihal the publisher identitv ihia article as work perlormard undar tha suanicas of tha L.B. Denadmani of £ narmv P


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


September 29, 1993

13th Pyrochemical Werkshop
October 18-21, 1993
Albujuerque, NM
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Towards the Elimination of Long-Lived Radioactive Waste

Harry J. Dewey
Chemical Science and Tectnology Division
Los Alamos National Laboratory

Abstract:

Researchers at Los Alamos have been developing tamsmutation concepts involving
accelerator-driven nuclear systems. A medium energy, high current proton beam strikes a
heavy metal target, producing a high flux of spallation neutrons. These neutrons are
moderated to near-thernial energies in 2 clanket surrounding the target. Materials to be
transmuted flow through the blanket region where they are fissioned or transmuted to stable
nuclides. Stable or short-lived nuclides are separated while the long-lived radioactive species
are returned to the blanket. For most applications the fission energy produced is much
greater than that required to power the accelerator and can be directed to the commercial
power grid.

A number of possible applications are envisioned for accelerator-driven nuclear
systems. These include destruction of suplus weapuns-grade plutonium, production of tutiv=,
transmutation of commercial spent fuel, and even commercial power generation in next-
generation nuclear power plants. Some of these applications will be discussed with particular
emphasis on the required chemical separations for such systeins.
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Radiation Dose from Contaminated
Water from Proposed U.S. Repository
is Dominated by Fission Products
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AQUEOUS-BASED ATW /ABC
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Example of an Aqueous
Approach to ATW Separations
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Ozonolysis Option for Tc/Ru Separation
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Schematic layout of the non-aqueous
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Radiation Dose from Contaminated
Water from Proposed U.S. Repository
is Dominated by Fission Products

1.06E+05 .

Species Halflife (yrs) s Dose Index Relative
1.00E+04 | '

STc 213,000

129 15,700,000 S

135Cs 2,300,000 '
1.00E+02 |-

23’Np 2,140,000

239py 24,100 1.00E+01

290py 6,560

242py 375,000 1.00E+00 |-

21Am 433

*Am 7370 1.00E-01

Dose Index = (Repository Inventory)(Fractional Dissolution Rate){Dose Conversion Factor)

] ONAL LIBORATORY
llllllll



Target and Blanket

Approaches

Moderator
Fluid Fuel

Aqueous
(Reference)

Sofid Tungsten/
Lead

D,0
Oxide Slurry

Allows concept
"existence
proof”

Demonstrated

Non Aqueous
(Advanced)

Flowing
Metal

Graphite
Molten
Fluoride Salt

Superior
neutronics,
economics

Advanced

lllllllllllllll




AQUEOUS-BASED ATW /ABC
TARGET-BLANKET CONCEPT

Target-Blanket Configuration Blanket Actinide
t Slurry Lattice and

To Target FP Loops
Heat
Exchanger

Slurry Lattice

D>0 Moderator

Filssion
Product

Loops

Blanket
Heat Tungsten-Lead Assembly
Exchanger Composite Target

D50 Reflector O



Example of an Aqueous
Approach to ATW Separations

Volatiles

Xe, Kr, Br, |, Ru
» Kr, Br, §, Higher Actinides
Pu Np Am, Cm

Qther
Fission
Products

Te, Pd Lanthanides

ONMAL LASORaTORY
1943 - 199




Pump -

o, RUO

| L
' I
i A
o T | A

Jzone Sparge

D,0

Na,RuO,

Tec,0,/7LIOD
Makeup




Schematic layout of the non-aqueous

Molten Sailt Pump ]

target/blanket assembly

lon Beam

Graphite Moderator
(graphite spheres)

Circulating

Molten Salt Fuel

Target

Lithium or Molten Salt

OBAL LABORATOA™
2840 . a8




Accelerator Transmutation of Nuclear Waste:
Towards the Elimination of Long-lived
Radioactive Waste

Harry J. Dewey
Los Alamos National Laboratory
13th Pyrochemical Workshop

Albuquerque, NM
October 18-21, 1993




General Features
ATW System

{1000 (D 2000 MeV,
100 © 200 mA)

Material
Foed

Stable and Short
Lived Products

najionay LagORsTOARY
1942 - 199)



Nuclide

Half-Life
(years)

Isotopic
Abundance

ATW
Production Rate
(g/kg fissioned)

Captuie Cross
Section (CANDU)
(barns)

Se

6.50x10*

11.24%

0.13

1.188

K2

1.50x106¢

19.30%

13.75

2.123

BTc

2.13x10°

100%

19.94

16.620

6.50x108

21.21%

15.02

6.760

1.00x10°

40.41%

0.88

0.167

1.57x107

72.88%

5.27

15.370

2.30x10°

7.30%

5.09




Radiation Dose from Contaminated
Water from Proposed U.S. Repository
IS Dominated by Fission Products

1 00E+05 Tc.99
eci Halflife (vrs) | 1129 i Dose :r;dg'?:mlvo

| 00E+04 .

"Tc 213,000

129 15,700,000 | 00503

135Cs 2,300,000
1 00E+02 |

237Np 2,140,000

239py 24,100 1 00E+01 |-

240py 6,560

:42P u 375,000 1 00E+00

1AM 433
243Am 7370 | OE.01

Dose Index = (Repository Inventory)(Fractional Dissolution Rate)(Doss Conversion Factor)

--------------
lllllllll



Accelerator
Proton Beam

(Steam Fuel Carrier
Generator) and
Coolant
Multiplying
Assembly

Target and Blanket

Approaches

Technical

Moderator
Fluid F--al

Target
Heat

Exchanger

Features

Spallation
Target

Aqueous

(Reference)

Solld Tungsten/
Lead

D,0
Oxide Slurry

Allows concept
"existence
proof*”

Demonstrated

Non Agueous
(Advanced)

Flowing
Metal

Graphite
Molten
Fluorido Salt

Superior
neutronics,
economics

Advanced

lllllllllllllll



AQUEOUS-BASED ATW /ABC
TARGET-BLANKET CONCEPT

Target-Blanket Configuration Blanket Actinide
Slurry Lattice and
Slurry Lattice 1 T°J::t9°t FP Loops
[l | Exchanger

Dzo Moderator

Flssion
Blanket oope,

Exchanger Composite Target

Heat Tungsten-Lead Assembly
D50 Reflector O



Example of an Aqueous
Approach to ATW Separations

Volatiles

Xe, Kr, Br, |, Ru
» K1, B, I, nigher Actinides
Pu Np Am, Cm

Other
Fission
Products

Tec, Pd Lanthanides

nalONAL LABORATORY
19e)3 - 199



Ozonolysis Option for Tc/Ru Separation

Pump

o, RuO

1 _ﬂumlstei}-

Ozone Sparge
D,0

NaOH

Na,RuO,

Tc,0,/7LIOD
Makeup
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