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TECHNICAL SESSIONS

MONDAY, 9:00 AM, NOVEMBER 13, 1978

*Nuclear Energy: The Washington Viewpownt. . . . .. 1
(Plenary Session)

MONDAY, 2:00 PM, NOVEMBER 13, 1978

*INFCE — A Status Report from the U.S. Viewpoint . 269
POSTER SESSION: Fundamental Materials Studies,
Component Performance, and Fusion Reactor

Materialst . . ... ... ... ... .. 149
*Global CO., Climate, and Nuclear Power. ... .. .. 84
Methods in Heat Transfer and Fluid Flow . ... ... 204
*Twenty-Five Years of Remote Technology — The
Beginnings. . . .. .. i e e 749
*Inservice Inspection Programs . ............. 626
Plant Economics and Public Acceptance . . ... ... 485
*Qualification and Proof Testing of Nuclear Com-
PONENtS . . . .t e e e e 491
*Risk Tree Analysis in Criticality Control .. ... .. 255
Advances in Radiation Transport Methods and Data
for Shielding. . . . ... . ... i i i 582
TRS-1: Reliability and Probabilistic Risk Assess-
ment. ... ... e e e e e 354
Physics of Thermal Reactors .. ............. 687
Inertial Confinement Fusion . ............... 20
FRS-1: Design and Accident Imtiators . . .. ... .. 412
TRS-2: Vapor Explosions. . .. .............. 364
TRS-3: Containment Analysis and Experimentsi .. 369
*Transuranics in the Environment. . . . ... ... ... 125
Safeguards and Accountability . ... ... ... ..... 2170

TStarts 2:30 PM.
IStarts 3:30 PM.

TUESDAY, 9:00 AM, NOVEMBER 14, 1978

*Optimization of Fuel Design and Management for

the Once-Through Fuel Cycle ... ... ....... 274
POSTER SESSION: Instrumentation and ControlT. . 497
*Monitoring Nuclear Power Plants. . . . ... ... ... 86
*Determination of Mechanical Properties Using Re-
mote Handling Techniques. . . ... ... ....... 752
*Remote Handling in Large Hostile Environments. . . 758
Plasma Engineering and Magnetic Confinement
Concepts . . ... e 30
Research Test and Training Reactor Experience. . . 634
*Impact of Fuel Damage Limits on Reactor Opera-
tion, . .. ... e 516
Waste Management — 1. . . ... ... ........... 282
Shielding, Radiation Transport, and Dosimetry
Applications. . .. .. ... .. .. o e 594
*Qualification of Computer Codes for Nuclear Re-
actor Analysis —~ L. . ... ... ... ... .. ... 217
Fast Reactor Integral Experiment and Analysis ... 698
*In-Situ Recovery — Oil Shale and Coal — L. ... ... 2
FRS-2: Safety-Related Mechanical Analysis ... .. 422
TRS-4: ECCSAnalysis .. ................. 375
*Chemical Behavior of Radioisotopes. ... ...... 132

Tstarts 10:00 AM.

*Special Session

FRS = Fast Reactor Safety
TRS = Thermal Reactor Safety

TUESDAY, 2:00 PM, NOVEMBER 14, 1978

*Technical Approaches to Diversion Resistance. . . .
POSTER SESSION: Heat Transfer and Fluid Flow!.
Environmental Impacts of Low-Level Waste. . . . ..

*Decommissioning . . ... ... ...... ..., ...

*Hot Cell Examination and Maintenance Equip-~

ment —I... ... ... . ... e,
Power Reactor Startup Experience — 1. ........

*Technology for Advanced Systems . .. .........

*Nuclear Plant Backfits and Modifications. . . . . ...

*Performance of Materials for LWR Steam Gen-

erators . . . ... L e

*Radiation Protection Problems in Decommissioning

Nuclear Installations . . .. ... ............

*Qualification of Computer Codes for Nuclear Re-

actor Analysis —II. .. .................

*Reactivity Coefficients: Measurement, Evaluation

and Application in Light-Water Reactors. . .. ..

*In~Sttu Recovery: Oil Shale and Coal — II. . ... ..
FRS-3: Safety Experiments — 1. . . ...........
TRS-5: ECCS Analysis and Experiments. .. ... ..

*Nuclear Materials Safeguards and Management

Technology. . . . . . . .. i it it i i e
Plutonium Recycle. . . .. ... ... ... ... .. ...

TStarts 3:00 PM.

WEDNESDAY, 9:00 AM, NOVEMBER 15, 1978

*Remote Fabrication of Nuclear Fuels . .. .. ... ..
POSTER SESSION: Fuels and Materials Perfor-
mance! ... ... L e
*The Impact of the Regulatory Process on Safety-
Related Design of Nuclear Power Plants . .. ...
*Radiation Streaming in Power Reactors — I. ... ..
*Hot Cell Examination and Maintenance Equip-

Training and Qualifications of Nonlicensed Nuclear
Plant Personnel . . ... .. ... ............
*Fusion Hybrid Concepts . . . .. ..............
*Solid Radioactive Wastes from Reactors . .. ... ..
Waste Management — II. .. .. ... ... ........
*The Impact of Fire on Nuclear Power Plant Safety .
*Soluble Neutron Absorbers and Experimental Data
for Criticality Control . . . .. .. .. ......... 256
Physics of Thorium Reactor Systems . .. ....... 716
*Environmental Aspects of In Sizfu Solution Mining of
Uranium Ore . ... ... .. ... ... ... 98
FRS-4: Material Behavior in Disrupted Cores. ... 448
*Utilization of Low-Enriched Uranium Fuel in Re-
searchReactors . .. .... ... ... .. .......
Isotope and Radiation Applications . .. .. .......

Tstarts 10:00 AM.

WEDNESDAY, 2:00 PM, NOVEMBER 15, 1978

Analyses of Fuel Cycle Processes . .. .........
POSTER SESSION: Reactor Physics Methods?. . . .

Tstarts 2:30 PM.



Technical Sessions

Reprocessing and Spent-Fuel Storage . . . .... ...
*Radiation Streaming in Power Reactors — II
*Remote Maintenance at the New Waste Calcining

Facility. . .. .. ... .. ... .. . .. L.

Power Reactor Startup Experience — II. . .. .. ...

Blanket Engineering and Fusion Technology. . . ...
*Nuclear Power Plant Remote Handling and Viewing

Equipment . . .. ... ... ... oo,
*Impingement and Entrainment Reduction Devices —
Alternative Intake Structure Design

Power Plant Radioactive Waste Management

*Use of Soluble Neutron Absorbers for Criticality
Safety . .......
*Nuclear Data
Alternative Energy Technologies and Systems —
General. .......... ... ... . . ...

FRS-5: Safety Experiments —II .. ...........

TRS-6: Safety-Related Phenomenology. ... ... ..
*The NRC, The Universities, and Nuclear Safety

Research. ... ... ... ... ... ... .. ....

Environmental Sciences — General. . .. ... .....

784
646
64

793

103
675

263
132

9
460
397

THURSDAY, 9:00 AM, NOVEMBER 16, 1978
Improvement of Reactor Core Design and Fuel

*Technical Support to IAEA Safeguards. . ... .....
*Remote Maintenance in Fusion Programs .. .. ...
*Remote Handling Operations, Maintenance and
Equipment in Reprocessing, Refabrication, and
Waste Handling. . ... ... ...............
*Operating Quality Assurance. .. .............
Plant Engineering . . . .. ... ... ... .........
Siting Methodology Criteria and Regulation . ... ..
CoreDesign........................ .
*Mechanical Properties of Irradiated Cladding Mate-

Fusion Reactor Neutronics and Shielding. . . ... ..
FRS-6: Post-HCDA Phenomenology. ... .......
TRS-7: Fuel Analysis and Experiments
*Nuclear Engineering Education in Waste Manage-

ment. ............

336
347
799

806
680
564
119
571

194
743
618
470
403
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TABLE il

Source of Decommissioning Funds

(Decommissioning Reserve Fund)

Contribution from APDA
Revenue from Salvage Sales

Anticipated NELIA Refunds

1972,

December 1,

Cash and Commitments as of December 1, 1972

Member Company Contributions - 1974 and 1975

Use charges, and other operating costs paid after
from the above funds.

Funds Available and Used for Décommissioning

$ 4,113,826

2,809,402
42,270
564,580
350,000

$ 7,880,078

equipment so it can be sent to burial, how certain areas
can be entombed, and many other aspects of how the plant
is built could be of significant help in final decommis-
sioning. How to dispose of contaminated and activated
sodium coolant from a breeder reactor should be studied
as part of building the plant. Engineers should anticipate
that decommissioning will be an eventuality and should
design to some extent to accommodate performing that
task.

1. Fermi I: New Age for Nuclear Power—A History of
the First Large Breedev Reactov Electric Powey Plant
and Its Contributions to the Development of a Long-
Range Source of Energy, to be published by ANS in late
1978.

2. ““Retirement of the Enrico Fermi Atomic Power
Plant,”” NP-20047 and NP-20047 (Suppl. 1) by Power
Reactor Development Company (Mar. 1974 and Oct.
1975).

tr-0560%
4. Progress Report on Decommissioning of the

Sodium Reactor Experiment, G. W. Meyers,
W. D. Kittinger (Al)

The disposition mode selected for the last stage of the
decommissioning of the sodium reactor experiment (SRE)
at the Energy Systems Group’s Engineering Field Labo-
ratory near Los Angeles, California, was complete dis-
mantlement. The primary objective is to remove all
significant reactor-originated radioactive materials from
the site. This final phase of the project began in 1975
with development work for accomplishing remote, under-
water cutting of reactor vessels and components.’ The
project will be concluded in GFY 1979, This project is

the major effort in a DOE-funded program of decommis- |

sioning eight nuclear facilities at the Field Laboratory.

Further objectives in the decommissioning of the SRE
were to enable release of facility and site to unrestricted
further use without surveillance requirements, to pre-
serve the building structure to the extent of economic
justification, and to perform the work within acceptable
radiation exposure and safety guidelines for the workers,
the public, and the environment. These objectives have
all been met to date. The activities were designed and

accomplished to meet radiation levels as low as prac-
ticable as well as to meet radioactivity concentration
guidelines that were derived by AI and given concurrence
by the DOE, NRC, and the State of California Health
Department.

The SRE was a 20 MW(th), sodium-cooled, graphite-
moderated thermal reactor which used enriched uranium
fuel. Initial operation began in 1957. The last nuclear
operation was in 1964 although the sodium systems were
operated until 1967. The fuel elements and control rods
were removed; the primary sodium was drained into the
fill tank, and secondary system sodium was drained into
drums. The reactor and support systems were placed in
protective storage status, using nitrogen as a cover gas.
A surveillance and maintenance program was initiated.
The reactor operated for about 27,000 h and generated
over 37 million kWh(e).

The planning, engineering, and development activities
for the dismantling were initiated in 1974. Peripheral
system removal began shortly thereafter. Interior sys-
tem dismantling efforts began in 1976. The major tasks
that have been accomplished are:

1. Safe removal of radioactively contaminated sodium;
cleaning of sodium residues from the reactor vessel,
piping, and components; and the reaction of bulk sodium
and residues to status permissible for disposal. Tech-
niques employed for melting and alcohol flushing or
spraying were effective as removal schemes. Reaction
with alcohol produced a product for safe disposal. Ap-
proximately 2500 lb of sodium were removed from
components and treated.

2. Safe and controlled removal of very large and
heavy, activated or interior contaminated equipment. The
reactor loading face shield plug, reactor ring shield, fuel
and moderator handling machines, and liquid and gas
holding tanks were removed intact and shipped to a
licensed commercial nuclear waste burial site. This
disposal approach minimized radiation exposures and
release risks, minimized costs, and yet did not add
significantly to the waste volume commitment.

3. Removal of reactor vessel internals such as cooling
piping, clamps, bellows, and grid plate in a radiologically
safe manner. The complex configurations of piping were
cut away remotely and underwater by shaped-charge
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explosives and a plasma torch. Plasma torch techniques
were adapted to cut other reactor components.

4. Removal of the five concentric activated and con-
taminated structures of the reactor vessel. Radiation
levels required water shielding and remote operation. A
rotating mast manipulator equipped with plasma torch and
video system was utilized to dissect the ;-in. stainless-
steel thermal liner, 13-in. stainless-steel core tank, and
the i-in. outer tank. The concrete-embedded i-in. steel
cavity liner was removed along with the concrete. Plasma
torch cutting also sectioned the grid plate and tank
bottoms by use of a specially designed manipulator arm.
The 54-in.-thick steel thermal rings were removed from
the vessel for remote-controlled and -contained oxy-
acetylene torch cutting.

5. Removal of the 4-ft-thick biological shielding, stor-
age, and wash cells, hot fuel examination cell, other
ground vaults. Removal required excavations to 40 ft
below grade, selective separation of contaminated and
activated surfaces or volumes, and special care for
personnel safety and avoidance of contamination spread.
It was found most cost and radiation control effective to
preserve the building structure during the entire dis-
mantling phase.

Activities that remain are those to accomplish final
structure decontamination, removal of air cleaning and
other support facilities, site repairs, final radiation
surveys, and completion of the final report. The total
project is estimated to cost about $10 million. A portion
of the total cost funded the necessary tooling, technique,
and operating parameter development work.

1. A. W. GRAVES, G. P. STREECHON, and D. A.
PHILLIPS, Trans. Am. Nucl. Soc., 27, 760 (1978).

5. Financial Evaluation of Nuclear Plant De-
commissioning Costs, B. J. Ewers, Jr. (NSP)

The financial evaluation of decommissioning a nuclear
generating plant has four considerations. These include
the method and associated cost of decommissioning, the
economic methodology to evaluate these costs, selection
and evaluation of methods to recover these costs, and
subjective nonfinancial considerations. A structure which
quantifies all but the latter is presented leaving the
nonfinancial considerations such as political and regula-
tory feasibility for subjective evaluation.

Method and Cost of Decommissioning

The study prepared for the Atomic Industrial Forum
Inc. serves as a base to evaluate the method and associ-
ated cost of decommissioning." Three basic methods and
associated costs extrapolated to 1978 dollars were Moth-
balling ($5 to 7 million), Entombment ($16 to 27 million)
and Complete Removal ($53 to 63 million). These costs
compare to an estimated 1978 inservice date construction
costs for an 1100-MW nuclear plant of $500 million.

A negative net salvage cost equal to 10% of plant cost
and an average service life of 30 years is typically used
by utilities for plant depreciation purposes. This negative
10% net salvage would recover the estimated cost of
decommissioning for most methods disregarding infla-
tion. Figure 1 illustrates the inadequacy of the negative
10% net salvage for many combinations of inflation and
decommissioning method.

Methodology to Evaluate Costs

To evaluate the financial impact on a utility, account-
ing and rate-making principles were considered. One

Decommissioning

100 Removal Entd

o 1 2 3 4 5 6 1 8 97
Inflation Rate (%)

Decommisstoning Costs as % of Original Plant Cost
w
=)

Fig. 1. Effect of inflation on decommissionin§

basic goal, to match the timing of revenues }
penses, is accomplished for capital expenditure
the noncash expense called depreciation when }
generated from the capital asset will be receivé
the assets life. When this goal is considered for 1
of net negative salvage where capital is investof
end of the period, negative net salvage should lik
expensed through depreciation over the earning
asset.

Maintenance costs incurred after the facility hf
decommissioned were considered a net cost at'§
decommissioning equal to the capitalized costey
annual expense. Since one cannot charge as a'
preciation expense items for which capital out]
not been made, the tax deductible expense in the
decommissioning was normalized or matched with¥
of the asset.

Economic tools that evaluate the effective cost ag
ated with capital budget decisions require applicatiof
time value of money methodology. Utility companies]
traditionally used some variation of a method calle
present value of future revenue requirements,
comparative costs presented in Fig. 2 represeit
present value of revenue requirements considering:
utility capital structure which results in a discount
of 10%; (b) an initial plant cost of $500 million
dollars); and (c) an estimated 1978 decommissioning
of $50 million. These assumptions are used for d
stration purposes only.
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Fig. 2. Cost of decommissioning for various accounf

methods and inflation rates.



