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1. INTRODUGCTION

This report contains background information which is believed to be
pertinent in establishing a policy with respect to the siting of spent-fuel
processing plants and their radioactive waste management facilities. It
contains much basic information that has been published previously; how-
ever, this material has been reviewed and revised, where required, to
serve present needs. In addition, much new information has been included,

particularly on the health and safety aspects of the problem.

The information is organized to conform generally with an outline
transmitted to ORNL by the USAEC (letter from Milton Shaw, USAEC, to
F. L. Culler, Jr., ORNL, dated February 16, 1968). It was developed in
cooperation with Battelle-Northwest, the Idaho Nuclear Corporation, the
Savannah River Plant and the Savannah River Laboratory, the Atlantic
Richfield Hanford Company, and the Atmospheric Turbulence and Diffusion

Laboratory of the Environmental Science Services Administration,

The information is analyzed and discussed principally within the
context of the subject matter contained in individual sections; however,
an attempt has been made to interpret a number of key issues more compre-
hensively in the Summary and Conclusions, Sect. 2. Section 3 contains the
basic data on reactor and fuel characteristics, projections of spent-fuel
processing loads, fuel shipping requirements, and waste characteristics
and production, In Sect. L, fuel reprocessing is discussed very briefly
and waste management technology is considered in significant detail;
considerations of cask design as related to safety in transporting spent
fuel and solidified waste are discussed in Sect. 5; fuel reprocessing and
waste management costs are considered in Sect. 63 envirommental and geo-
graphical considerations of siting are reviewed in Sect. 7; and health

and safety aspects are presented in Sect. 8.
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2. SUMMARY AND CONCLUSIONS

The principal objective of this study is to identify and characterize
the factors that may influence the growth patterns of the fuel reprocessing
industry. Emphasis is placed on the siting of reprocessing plants and
waste storage and disposal facilities, particularly those for high-level
waste., Another purpose is to explore the need for an AEC policy on siting,
which, while fully meeting the requirements imposed by considerations of
public health and safety, would not present an impediment to the growth

of economic nuclear power.

In this section, a compilation of the key issues under consideration
and the principal conclusions of the study are presented. Then, the
technical information found in the body of the report relating to these

issues and conclusions is summarized.

In this study, it has been assumed that future fuel reprocessing
plants and their associated waste management facilities will be located,
built, and operated subject to the following bases, which are believed to

be practical and reasonable:

(1) The secondary confinement barriers (the cell, vault, water in the
storage pool, and ventilation-filter system) and the tertiary
barrier (the building) will be designed, tested, and routinely
inspected to ensure that their confinement potential is maintained

following exposure to any credible internal forces.

(2) Process and confinement systems will be designed, tested, routinely
inspected, and maintained so that exposure to credible external
events or forces (loss of power, earthquakes, tornados, floods,
hurricanes, impaction by moving vehicles, etc., but not including
acts of war) will not impair the ability to shut down the plant

safely and maintain safe shutdown conditions.

(3) While the circumvention of administrative measures (as well, in
general, as those involving instrument systems) for prevention of
accidents is considered credible, it is considered incredible that

the obvious remedial measures for mitigation of the consequences
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of accidents would not be instituted within hours following a

clear notification of the occurrence of an accildent,

2.1 Key Issues

key issues of this study were considered to be the following:

Are new federal regulations needed to govern the siting of fuel
reprocessing plants and waste management facilities, or should
licensing procedures continue to be performed using existing
federal regulations for protection of the public against radia-
tion (LOCFR20), siting of nuclear power reactors (LOCFR100), and
licensing of production and utilization facilities (1OCFRS0)?

Do routine releases or potential releases from accidents control

the siting of fuel reprocessing plants and waste storage facilities

with respect to site boundaries and population centers? After
what period of time will it be necessary to limit the release of
noble-gas fission products and tritium to the atmosphere to pre-
vent worldwide pollution of the troposphere? What local restric-
tions are imposed by the routine release of radiocactive materials

to the enviromment?

Current fuel-cycle economics favor the use of large-capacity fuel
reprocessing plants, Are there technical and safety factors which
indicate preference for either a few large-capacity, or more
numerous small-capacity, fuel reprocessing plants (sites)? Are
there Llimitations, either inherent or as a matter of prudence,
which should be imposed on the capacity of fuel reprocessing
plants (independent of site size and geography) from a public
safety standpoint? Is the risk to the public increased by higher

inventories of hazardous materials?

Does the storage of high-level liquid waste in subsurface tanks
represent an acceptable waste management approach? (In this
report, "storage" connotes intended retrievability and a high

degree of surveillance, whereas "disposal' connotes the reverse.)
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What are the technically acceptable alternatives to tank storage
of high-level waste? Is a significant economic penalty involved
in providing greater assurance of containment than has been demon-
strated by tank storage of waste? Does immediate solidification
of liquid waste result in an appreciable decrease in risk to the

public?

What are the considerations that affect the decisions to dispose

of radioactive waste on other than government-owned land?

Can the reprocessing plant ever be decontaminated to the degree
necessary to permit subsequent abandomment? If not, is government

ownership of the property required?

Are the hazards or the economics of shipping spent fuels, solid
wastes, and fissile materials of such magnitude that these ship-
ments should be limited to specified routes within regional

boundaries or that shipping off-site should be precluded?

2.2 Conclusions

Minimal impediments to the growth of economic nuclear power,

while meeting the requirements imposed by considerations of

public safety, may result from the promulgation of standards

or regulations that establish (1) the acceptable chronic and

acute radiation exposure of each of the critical organs of men,
women, and children, both in individuals and in critical popula-
tion groups, and (2) performance criteria for engineered safety
features., Information is presently available to allow substantial
progress toward these goals through revision of existing AEC regu-
lations., Any revisions should attempt to provide an appropriate
balance of risk vs benefit on the basis of current technological
alternatives, should be subject to periodic upgrading, and,
preferably, should be sufficiently inclusive to apply to all
nuclear fuel-cycle installations including their waste storage
and disposal facilities. The criteria for chronic exposure of

members of the public should be related to maximum acceptable
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doses and to body organs rather than to permissible concentra-
tions of radioactive effluents in air and water. The latter do
not explicitly consider perhaps more limiting pathways of radia-
tion exposure than those caused by submergence in (or inhalation
of) air and ingestion of water. Given acceptable doses and dose
rates, the designer (with the assistance of experts in the field
of radiation protection) can evaluate all important pathways of
radiation exposure, However, it may be desirable to retain the
"maximum allowable’ concentrations in air and water as point-of-

departure reference values to facilitate monitoring and inspection.

The criteria for acute or emergency exposure of members of the
public surrounding a nuclear facility should provide guidelines
for acceptable doses and dose commitments to all organs and be
developed in conformance with the recommendations of authorita-
tive agencies such as the Federal Radiation Council (FRC) and
the National Council on Radiation Protection and Measurement.
The acceptable acute doses and dose commitments for members of
the public would presumably be applicable to the quantitative
determination of a site boundary and the required distance from

a large population center,

The performance criteria for engineered safety features in fuel
reprocessing plants and waste management facilities would pre-

sumably be similar to those proposed for nuclear power reactors
in the proposed Appendix A of 10CFR50 entitled, "General Design

Criteria for Nuclear Power Plant Construction Permits."

These studies indicate that, based on the current technology of
systems for cleaning off-gas streams from fuel reprocessing
plants, routine releases tend to control the site boundaries.

It is estimated that on-site waste storage facilities do not
materially increase either the rate of routine release of radio-
active material or the potential release of such material as a
result of accidents, provided these facilities are designed to
ensure containment following exposure to internal and external

forces. For large plants, the estimated site boundaries are of
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such a size that economics will probably favor the installation
of noble-gas removal equipment in plants handling more than a few
tons of fuel per day. The development of off-gas systems having
a capability of routinely removing iodine by a factor of about
lO8 is necessary if FBR fuels are to be processed after decay

periods approximating only 30 days.

Study indicates that the worldwide distribution of 85Kr and 3H

in the year 2000, assuming the complete release of these nuclides
during fuel reprocessing, results in dose equivalents to man that
are small (<1%) compared with current guidelines for population
exposure. In other words, these nuclides will constitute radiation
problems to the local enviromment long before they cause worldwide

pollution hazards,

These studies indicate that the confinement barriers of fuel
reprocessing plants in the size range of interest, including

their waste storage facilities, can be designed to maintain

their confinement potential following exposure to credible
internal or external forces (excluding acts of war or sabotage).
Regardless of size, plants that are sited and constructed within
a given set of acceptable criteria for chronic and probably acute
exposure of members of the public at the site boundary are con-
sidered to be equivalently safe. The costs of preventive measures
and the relatively expensive confinement systems are estimated to
scale in such a way that larger plants are favored, while the
costs of off-gas treatment facilities required to achieve practi-
cal site sizes in large plants are estimated to be modest. Conse-
quently, the conclusion that economics favors fewer larger plants

is valid.

High-level liquid wastes can be stored safely in tanks that have
been provided with adequate engineered safety features. These
features include, as a minimum, two independent cooling systems
(e.g., submerged coils and a reflux condenser); reinforced
concrete vaults, lined with steel, which are designed either to

withstand credible internal pressures without rupture or to
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relieve these pressures safely by ventilation to a containment
system with large capacitance or to a pool of water for steam
suppression; installation of a contaimment structure,located
above the waste vaults, that is ventilated through a condenser
and filter; provision of spare tankage; and the capability for
prompt, efficient transfer of the waste from any tank to a spare.
Because of the requirement for the continuous removal of heat,
the effectiveness of the containment system will require a very

high degree of survelllance. Liquid waste storage can be con-

doned only as long as the reprocessing plant remains fully active.

In this context, "storage!" does not constitute disposal, and
"perpetual tank storage,!" even under government auspices, is not

an acceptable substitute for disposal.

The only current, technically acceptable alternative to tank
storage of high-level liquid wastes is immediate solidification
of the wastes. Currently, the disposal of solidified wastes by
emplacement in bedded salt deposits is believed to be the safest
method and has been shown to be technologically feasible. Eco-
nomic studies indicate that the series of operations consisting
of immediate solidification, storage of the solid wastes on-site
for 3 to L years, and shipment and disposal in salt mines, could
be carried out for about 0.038 mill/kwhr (electrical). This is
about 20% more than is estimated for perpetual storage of liquid
wastes in tanks, If the solidified wastes are shipped to salt
mines after storage on-site for only one year (the earliest time
believed to be feasible), the total cost would be about 0.0LL
mill/kwhr. Disposal of wastes of low specific heat generation
rates by hydrofracturing or by emplacement in bedrock caverns
may be acceptable at sites with suitable geology. The applica-

tion of properly engineered safety features, together with a

high degree of surveillance, can result in low risk to the public,

regardless of whether the waste is stored as a solid or liquid.
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Considerations of the long-term hazard of the wastes and the
nearly prohibitive costs for reclaiming large areas of contami-
nated land militate against any disposal (or burial) of wastes

on privately owned land., All radioactive wastes must be main-
tained in a retrievable condition as long as they are retained
on-site. In-tank solidification of wastes, as practiced at
Hanford and SRP, is not an acceptable form of storage on privately
owned land because of the difficulties that would be encountered

at the time of removal,

Government ownership must extend to any subsurface geological
formation used for disposal, as well as to the land areas above.
Control of the land surface must be maintained to prevent
unauthorized explorations of the formations utilized for disposal,
although the surface per se can be put to agricultural or recrea-

tional use,

Plants and storage facilities built with proper foresight can be
decontaminated and/or made sufficiently inaccessible (e.g., by
grouting) so that they do not represent hazards to public safety.
If it can be stipulated that all contaminated equipment and mater-
ials outside the massively shielded concrete canyons and vaults
be removed from the premises before abandonment of the site, then
government ownership is not required. Private ownership of the
site should be permitted, however, only if the site, with all its
facilities, appurtenances, buildings, tarks, cribs, and lands, can
be returned to unrestricted use within some finite time (perhaps

10 to 50 years) after plant retirement.

These studies indicate that shipping of all nuclear materials,
except high-level liquid wastes, can be conducted safely and
economically. The costs of shipping will tend to favor location
of the various fuel cycle and waste disposal facilities in close
proximity. The shipment of liquid wastes is considered to be
unwise because of considerations of steam-pressure buildup within

casks following a loss-of-cooling incident.
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2.3 Magnitude of the Problem

Projections of the Civilian Nuclear Power Program (Table 2.1) indi-
cate that the nuclear economy will expand from about 1l gigawatts (elec-
trical) in 1970 to about 153 gigawatts by 1980, and to about 735 gigawatts
by the year 2000, It is expected that most of the nuclear power stations
will be located in FPC Power Supply Regions III (southeastern states) and
I (northeastern states) by the year 2000, and that the fewest will be found
in Regions VI and VIT (the western plains and mountain states). The fuel
shipping industry will also expand at a very rapid rate. The number of
casks to be shipped annually will increase from 30 in 1970 (an average of
one in transit on any given day) to 1200 in 1980 (1l in transit on any
day) and to 9500 in 2000 (85 in transit). Approximate total fuel reproc-
essing rates (in metric tons/year) will increase from 100 in 1970 to 3500
in 1980, and to 15,000 in the year 2000. The heat-generation rate of FBR
core fuels at the time of processing, i.e., after 30 to 75 days of cooling
for FBR fuel and after 150 days for LWR fuel, will be 10 to 6 times as
high as that for LWR fuel. The gross beta activity of FBR core fuels will
be 8 to 5 times that of LWR fuels.

w

The total radioactivity due to beta emitters in the accumulated
wastes will increase from 210 megacuries in 1970 to 18,800 megacuries in -
1980 and to 209,000 megacuries in 2000. The annual generation of high- -
level wastes will increase from 17,000 gal in 1970 to 1,000,000 gal in -
1980 and to 4,600,000 gal in 2000, If these wastes are stored as liquids,
60,000,000 gal is expected to accumulate by the year 2000, On the other
hand, if they are converted to solid forms, volumes may be reduced by a
factor of about 13.

Another significant type of solid waste will be spent-fuel hulls.
Induced activity will be produced in either stainless steel or Zircaloy
by (n,y) or (n,p) reactions; in each case, shielding will be required to
handle or to ship these hulls, In addition to the induced activities, up
to 0.1% of the plutonium in the fuel can be associated with the cladding.
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Table 2.1. Projected Fuel Processing Requirements and High-Level Waste

Conditions for the Civilian Nuclear Power Program

Calendar Year

1970 1980 1990 2000
Installed capacity, Mw(e)a 14,000 153,000 368,000 735,000
Electricity generated, 10° kwhr/year® 7 1000 210 W20
Spent fuel shipping
Number of casks shipped annually 30 1200 6800 9500
Number of loaded casks in transit 1 1 60 85
Spent-fuel processed, metric tons/yeara 9l 3500 13,500 15,000
Volume of high-level liguid waste generatedb’c
Annually, 1o6 gal/year 0.017 0.97 2.69 L.60
Accumulated, 10~ gal 0.017 L.Lo 23.8 60.1
Volume of high-level waste, if solidifiedb’d
Annually, 10° £t3/year 0.17 9.73 26.9 146.0
Acdumilated, 107 £t2 0.17 u.0 238 601
Solidified Waste Shipping®
Number of casks shipped annually o] 3 172 L77
Number of loaded casks in transit 0 1 L 10
Significant radioisotopes in wa.steg’h
Total accumulated weight, metric tons 1.8 L50 2L00 6200
Total accumulated beta activity, megacuries 210 18,900 85,000 209,000
Total heat-generation rate, megawatts 0.9 80 340 810
E generated annually, megacuries 4.0 230 560 770
P8¢ accumulated, megacuries L.o 960 1600 10,000
13705 generated annually, megacuries 5.6 320 880 1500
L37eg accumulated, megacuries 5.6 1300 6500 15,600
1291 generated annually, curies 2.0 110 Lo 670
1291 accumulated, curies 2.0 L8o 2700 7600
SKr generated annually, megacuries 0.6 33 90 150
85Kr accumulated, megacuries 0.6 2L 570 1200
3y generated annually, megacuries 0.04 2.1 6.2 12
3H accumulated, megacuries 0.0L 7.3 % 90
238Pu generated annually, megacuries 0.0007 0.041 0.2 0.6
238p,, accumulated, megacuries 0.0007 1.20 8.3 31
239?\1 generated annually, megacuries 0. 00009 0.005 0.05 0.2
2391’11 accumulated, megacuries 0.00009 0,02 0.2h 1.3
21‘0}’\1 generated annually, megacuries 0.00012 0.007 0.06 .21
2hOPu accumulated, megacuries 0, 00012 0.04 0.4 1.9
2M‘Am generated annually, megacuries 0.009 0.5 L.y 15
2L"]'Am accumulated, megacuries 0.009 2.3 23 120
2l‘BAm generated annually, megacuries 0.00021 0.01 0.1 0.5
2h3Am accumulated, megacuries 0, 00021 0.23 1.5 5.2
2)'LLLCm generated annually, megacuries 0.13 7.4 18 23
szm accumulated, megacuries 0.13 30 140 260
Volume of cladding hulls generatedi
Annually, 10° £t° 0.3 8 L0 90
Accumulated, 107 £t 0.3 Lo 320 1030

8Data from Phase 3, Case L2, Systems Analysis Task Force (Apr. 11, 1968).

bBased on an average fuel exposure of 33,000 Mwd/ton, and a delay of 2 years between power

generation and fuel processing.

CAssumes wastes concentrated to 100 gal per 10,000 Mwd (thermal).

dAssumes 1 ft3 of solidified waste per 10,000 Mwd (thermal).

CAssumes 10-year-old wastes, shipped in thirty-six 6-in.-diam cylinders per shipment cask.

fOne-way transit time is 7 days.

Bassumes IWR fuel continuously irradiated at 30 Mw/ton to 33,000 Mwd/ton, and fuel processing
90 days after discharge from reactor; LMFBR core continuously irradiated to 80,000 Mwd/ton at
148 Mw/ton, axial blanket to 2500 Mwd/ton at L.6 Mw/ton, radial blanket to 8100 Mwd/ton at
8.L Mw/ton, and fuel processing 30 days after discharge.

hAssumes 0,5% of Pu in spent fuel is lost to waste.

*Based on 2,1 3 of cladding hulls per ton of LWR fuel processed, and 8.7 ft3 of cladding

hardware per ton of LMFBR mixed core and blankets processed,
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2.y Technical Considerations

Present-day fuel reprocessing plants make use of organic-aqueous
solvent-extraction processes to separate U, Pu, and Th from mixtures of
fission products and inert materials. Volatile fission products are
separated during dissolution of the fuel., These fission products, and
radioactive particulates from the process are removed from the plant
off-gas, as required before discharge, by sorption, chemical interactions, -
and filtration. In addition to the treatment of normal radioactive
effluent streams, special consideration must be given, during the design
and operation of these plants, to the contaimment of radioactivity in
the event of accidents or natural phenomena such as earthquakes and

tornados.

The future trends in plant design for the nuclear power industry
must take both safety and economy into account while reprocessing fuels
containing higher quantities of fissionable materials and fission products
at shorter cooling times. This implies more severe problems at almost all
stages of reprocessing, including shipment and management of the waste
effluents. .

Finally, in designing these plants, consideration must be given to

the problem of eventual decommissioning of the plants and the return of "
the site to other uses. Much of the technology for resolving these prob- .
lems either exists or is belng developed. This includes the design of -

carriers for safe transport of fuels, efficient mechanical head-end
equipment, continuous dissolution equipment, high-speed solvent-extrac-
tion contactors, methods for improved separation and containment of
fission-product gases and particulates, and improved methods of waste

management.,

High-level wastes originate mainly from the first cycle of solvent
extraction and contain greater than 99.9% of the nonvolatile fission
products. The present practice is to concentrate and store these wastes
on an interim basis in underground carbon and stainless steel tanks, which
are equipped with devices for removing decay heat if necessary., More

than 80,000,000 gal of waste are now in storage at AEC production sites. .
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Although corrosion data indicate tank lifetimes in excess of 100 years
might be expected, there have been 15 known instances of tank failure,
all in carbon steel systems at Hanford and Savamnah River. Eleven of
the failures have occurred at Hanford, where it is estimated that liquid
waste containing 14,0,000 curies of 137Cs has leaked to the ground and
been retained in the soil about 10 ft below the tank bottoms, In one of
the four tank failures at the Savamnah River Plant (SRP), about 700 gal
of waste may have escaped the liner, although ground water has shown
contamination levels equivalent to only a few gallons of waste. The
causes of these failures are established as stress-corrosion cracking
and/or thermal stress of the reinforced concrete structures, and these
factors are being taken into account in new tankage under construction;
however, it is clear that many of the liquid waste storage facilities now

in existence do not merit confidence in their long-term integrity.

Waste management plans at Hanford call for separating about 95% of
the 9OSr and 13705 from the waste and concentrating the residue, after a
sultable decay period, by in-tank evaporation until the residual salts
solidify into a massive cake. The strontium and cesium fractions are to
be solidified and packaged for interim storage in on-site storage basins
pending decisions on their long-term disposition, At SRP, the most prac-
tical, safe, and economical long-term alternative to present tank storage
practices is believed to be storage of these wastes in vaults excavated
in crystalline bedrock about 1500 ft beneath the plant site. Toward this
end, exploratory drilling has been done, hydrologic data have been collec-
ted, and safety analyses have been made, As presently conceived, the
storage facility would consist of tunnels, about 30 ft wide, 15 ft high,
and 1000 to 2000 ft long, radiating from a central access shaft that
extends vertically from the surface. At ICPP, all stored waste solutions
are converted to granular solids in the Waste Calcining Facility (WCF).

These solids are stored in underground stainless steel bins.

The storage of liquid wastes from power-reactor fuel reprocessing
will be even more difficult than the storage of current production wastes
because of their higher heat-generation rates, significant rates of radio-

lytic hydrogen production, and corrosive nature. Nevertheless, it should
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be possible to gtore them safely for a limited period of time and at an
acceptable cost, provided adequate engineered safeguards are built into

the storage systems.

The alternative to Llong-term or perpetual storage of wastes in tanks
is conversion of the wastes to thermally and radiolytically stable solids
of low solubility for burial in selected geologic formations or storage
in man-made vaults. Processes for conversion of these wastes to solids
are being developed both in the United States and overseas. The four U.S.
solidification methods currently emphasized are the pot, spray, phosphate-
glass, and fluidized-bed processes. The pot, spray, and phosphate-glass
processes have been demonstrated for the AEC on a full-radioactivity-level,
engineering scale 1in the WSEP at Hanford. The fluidized-bed process has
been demonstrated at the ICPP in a large-capacity plant operating on inter-
mediate-level feeds since 1963, Within the next few years, the AEC's waste
solidification development program of currently known concepts will be
completed. The processes will have been demonstrated using wastes from
advanced fuels, and effects of severe temperature and radiation on the
properties of the solidified waste products will have been measured and
evaluated. This technology will provide a reliable basis for the design

and safe operation of waste solidification plants.

Once solidified, the wastes may be stored safely on-site (prior to
disposal) and at less expense than can the corresponding liquid wastes.
Conceptual designs have been published for the storage of encapsulated,
solidified wastes in water-filled canals and air-cooled vaultis, and for
the storage of granular solids from fluidized-bed processing in air-cooled

bins.

The most promising method for disposal of the solidified high-level
wastes involves thelr placement in natural salt formations. In this
regard, a 19-month demonstration disposal of high-level radiocactive waste
solids was carried out in a salt mine at Lyons, Kansas, using spent reactor
fuel in lieu of actual solidified wastes. In the course of this program,
most of the technical problems related to disposal in salt were resolved.
The feasibility and safety of handling highly radioactive materials in an

underground enviromment were demonstrated; salt was shown to be stable
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under the effects of heat and radiation; and data on the creep and plastic
flow characteristics of salt were obtained, thereby making possible the
design of a safe disposal facility. Cost studies indicate that this method
is economically acceptable. The 2000 acres of salt that may be committed
to disposal purposes by the year 2000 is only a small fraction of the
500,000 square miles that are underlain by salt in the United States.

Dry openings that could be utilized for the storage of radiocactive
solid wastes can be excavated in rocks other than salt; however, investi-
gations are needed to delineate the effects of heat and radiation on the
rock media, as well as to define more precisely the geological conditions
that determine the usefulness of local sites within the most desirable

geographic regions.

Intermediate- and low-level wastes are usually large in volume and
are handled by storage in tanks, by disposal to the ground, or by partial
decontamination and release to surface waters, The release of large
quantities of these wastes to the enviromment has been controlled so that
the exposure of members of the public from this source has been consider-
ably less than the limits reccmmended by the ICRP and other authoritative
bodies. However, the trend is toward less dependence on envirommental
disposal and greater emphasis on methods for concentration and containment
of the radioactive material. Evaporation, ion exchange, and coprecipita-
tion and coagulation processes are frequently used for concentrating the
radionuclides, and waste-water recycle schemes have been studied. The
radioactive concentrates from treatment may be insolubilized by incorpora-
tion in asphalts or certain plastic materials for long-term storage, land

burial, or disposal in salt mines.

Disposal of intermediate- and low-level wastes by a method based on
the technique of hydraulic fracturing has been demonstrated to be both
safe and economical. This method prevents radionuclides from being
released, via any credible accident, into the biological environment by
depositing them deep underground in a solid matrix. The technique is
limited, however, to use at sites that are underlain by suitable geological

formations of low permeability.
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Tritium causes difficulty in waste management because it is unre-
sponsive to separation and concentration by conventional procedures. For
example, the 75 to greater than 99% of the tritium in spent fuel that
appears in the low-level liquid wastes cannot be sufficiently diluted
with process water in the plant to obtain the concentration specified in
10CFR20 (i.e., 3 x 107> wc/cc) before discharge to surface waters. Tritium
can be released more effectively as a gas to the atmosphere by vaporizing
the tritiated water up the stack; under this condition, the tritium would

be dispersed widely and diluted well below acceptable concentrations.

Currently, from 2,000,000 to 3,000,000 ft3 of low- and intermediate-
level solid wastes are buried annually above the water table on state or
federal land; about one-fourth of this volume is from commercial sources.
Projections of future land requirements for burial of the solid wastes
that will accrue from power-reactor fuel reprocessing indicate that land
consumption will increase from 1 acre/year in 1970 to 80 acres/year in
2000, and that the accumulated area of land devoted to this purpose should
increase from l; acres in 1970 to 940 acres in 2000. In the interests of
land conservation, it may be desirable to store part or all of this material
in salt mines. Sufficient space already has been mined in bedded salt to
contain all solid wastes that are expected to be generated through the
year 2020, It should also be possible to utilize part of the space that
may be mined for disposal of high-level solidified wastes.

2.5 Transportation Considerations

The transportation of radiocactive materials to and from the reprocess-
ing plant is an important consideration in plant siting., Fuel reprocessing
plants receive fuel elements from the reactor, export purified fissile and
fertile materials to fuel fabrication plants, and transport wastes to desig-

nated disposal sites.

Heavily shielded containers are used for shipping both spent fuel and
solidified waste. The main difference is in the integrity of the material
that is being shipped. Available evidence, based on experience, is that

all types of spent-fuel shipping casks can be designed to meet present
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contamination requirements. Ruptured spent fuel must be encapsulated
prior to shipment, while fast reactor fuel will probably have to be
encapsulated with sodium for heat dissipation purposes. A canister and
closure can be designed such that containment of the contents is main-
tained even under accident conditions. Containment may be lost due to
relative deflections of the 1lid and cask body in a 30-ft impact; however,
tests have shown that feasible shock-absorbing members can sufficiently
dissipate energy and distribute the impact load in such a manner that

seals are maintained.

A reprocessor has more control over the solid wastes leaving his
plant than he has over the spent fuel entering it. Decay times of the
wastes are easily varied without incurring the economic penalties that
exist for spent fuel. In addition, waste containers can be designed for
shipment via either truck or rail, whereas there may be little choice
available for transporting spent fuel. The waste product will be doubly
contained, first by a welded steel container and then by the shipping
cask itself. The calcined or glass waste product is relatively immobile;
although the 30-ft impact accident condition could create some fracturing
of the product, this amount would be of little consequence. The 1L75°F
fire accident condition could increase the center-line temperature of
calcined wastes above 1650°F, but the consequences of this thermal tran-
sient do not appear to be severe. Pressure increases would be small,
certainly within the resistance capabilities of the steel pot whose
maximum temperature will not rise more than 300°F above normal., In short,
the degree of control over solid waste shipments, coupled with the fact
that the fission products are in a relatively nondispersible form, indi-

cate that such waste shipments should be safe,

The shipment of high-level liquid wastes i1s not considered safe
because of the possibility of radiolytic gas explosions or steam-pressure

buildup within casks following loss-of-cooling incidents.

Considerable experience has been accumulated in the shipment of
fissile material in both liquid and solid forms., Shipments are made in
a birdcage-type package, often a 55-gal drum in which a central cavity

is formed by metal, wood, or other support. Since the material is free
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from most fission products, little or no shielding is required; and, since
there is negligible heat evolved from the material, substantial insulation
may be installed to protect the material from external fires. For these
reasons, the shipment of fissile and fertile products in either liquid or
solid forms is feasible. Designs of product containers that will meet
(and exceed) the requirements of the shipping regulations are available,
Potential damage resulting from severe accidents may be expected to be

minimal and thus should not affect siting of the plant.
2.6 Economic Considerations

Present-day spent-fuel processing costs, including waste disposal,
are approximately 0.2 mill/kwhr (electrical) for standard light-water
reactors (IWR's). Unit reprocessing costs are expected to decrease
significantly as plant size increases; unit waste disposal costs will
also decrease, but not as rapidly as reprocessing costs. The combined
total reprocessing cost for LWR fuel is projected to decrease to 0.1
mill/kwhr (electrical) by 1985-1990 and to 0,05 mill/kwhr (electrical)
by 2010, assuming that our cost estimates are valid up to about a LO-
metric ton/day capacity for LWR fuel or a 20-metric ton/day capacity for
FBR fuel and that plant size is permitted to increase to these levels by
about the year 2010, (By 2020, there should be about ten reprocessing
plants in operation in the U.S., with capacities ranging from 20 to 4O
metric tons/day for LWR fuel or 10 to 20 metric tons/day for FBR fuel.)
In making these estimates, we have used 1970 dollars and made no allow-

ance for escalation,

Reprocessing costs for FBR fuels are projected to be about twice
those of LWR fuels on a weight basis, but can be about the same on a
mills/kwhr (electrical) basis if the (core-plus-blanket) FBR burnup
averages about 60% higher (and the thermal efficiency averages 25% higher)
than for IWR's., If individual reprocessing plant sizes are limited to
10 metric tons/day for LWR fuel or to 5 metric tons/day for FBR fuel, the
cost will stop decreasing by about 1990. In this case, about 30 reproc-
essing plants would be needed in the United States by the year 2010, at
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a cost penalty of 754 as compared with ten larger plants ($1.3 billion vs
$0.8 billion per year in 2010).

Present-day spent~fuel shipping costs for IWR fuels are about 0,020
to 0.025 mill/kwhr (electrical) for T700-mile shipments (estimated average
distance in 1970). Our estimates for 1000-mile shipments of spent FBR
fuel vary from 0.0 to 0.11 mill/kwhr (electrical), for a variety of pro-
posed designs. The costs for 700-mile shipments would be about 15% less.
Assuming that reprocessing plants can be built in all geographical regions
of the United States (as required by economic optimization of shipping and
reprocessing cost totals), shipping costs should decrease about 20% by the
year 2000 as the average shipping distance decreases from 700 miles (in
1970) to 350 miles; they should decrease an additional 10% as a result of
technological improvements. Shipping costs in the year 2000 are projected
to be $120 million for spent fuel, plus $15 million for recovered uranium
and plutonium. If siting policies are sufficiently restrictive to increase
the average shipping distance to 1000 miles, the total costs for the year
2000 would increase from $135 million to $200 million (not ineluding an
estimated $6 million increase in inventory charges associated with

increased shipping time).

The current cost for perpetual tank storage of neutralized wastes at
Nuclear Fuel Services, Inc, (NFS) has been reported to be about 0.012
mill/kwhr (electrical); however, this does not include operating costs or
any interest or return on investment during the first 15 years. On a
somewhat more conservative basis, we estimate a total of 0.031L to 0,032
mill/kwhr (electrical) for perpetual tank storage of acid wastes in a
plant reprocessing 688 metric tons/year of spent fuel irradiated to
33,000 Mwd/ton, 0.03l to 0,039 mill/kwhr (electrical) for waste manage-
ment by a series of operations consisting of interim liquid storage, pot
calcination, interim storage of solids, shipment, and disposal in a salt
mine., Waste management unit costs decrease only slowly as the plant size
increases, perhaps 35% as the size increases by a factor of 10. Thus, in
1970, waste management may contribute 15% of a total reprocessing cost of
0.20 mill/kwhr (electrical), but may contribute 25% of a total of 0.07
mill/kwhr (electrical) in the year 2010.
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These reprocessing and waste management cost estimates probably
should be revised upward about 10% to allow for improved containment
systems costs to cover enhanced removal of rare gases and iodine, improved
containment of internal explosions, and earthquake-resistant design and
construction, This alternative appears to be more economical than accept-
ing the extremely large and remote sites that would otherwise be required
for large reprocessing plants, especlally for those handling short-cooled
FBR fuel.

We have not estimated the cost of inspection to safeguard against
the diversion of fissile material to unauthorized use; instead, we have
assumed this to be a national or international policing cost that would
not be charged directly to the electric power industry. This cost should,
however, scale in such a manner that fewer larger reprocessing plants,

rather than many small ones, would be favored.
2.7 Siting Considerations

In general, except possibly for dispersive events caused by acts of
sabotage or war, engineered safety features can be devised that will miti-
gate practically all of the envirommental or geographical deficiencies of
a site. However, in some cases (e.g., those involving the location of a
plant on a known active fault or in the center of a metropolitan city),
an economic analysis of the costs of development, design, construction,
and testing of special, engineered safety features will dictate against
a radical departure from the conservative norm. The following sections

will discuss environmental and geographical factors in site selection.

2.7.1 Environmental Considerations

The envirommental factors of principal concern in site selection are

meteorology, geology, hydrology, and geoseismology.

Meteorology. - An understanding of the meteorology of a site is
important because the atmosphere provides a potential means of conveying

an active, and practically unavoidable, threat to the safety of persons
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downwind. Conversely, 1t can serve as a very large sink for the safe
dispersal of radioactive materials if local problems can be avoided.
Fortunately, meteorology is perhaps the best understood and most easily
quantified of the envirommental factors that influence siting. The
methodology for estimating concentrations and deposition of materials is
relatively well established, and appropriate data for a given site may
usually be obtained by relatively simple measurements, complemented with

data from local or regional weather stations.

Geology and Hydrology. - The geology and hydrology of the site of a

nuclear fuel reprocessing plant can influence: (1) the foundations of

the plant, (2) the emplacement of underground waste-storage tanks, (3)

the water supply, (L) the routine disposal of liquid and solid radioactive
wastes, (5) the danger from earthquakes, and (6) the consequences of an
accidental release of significant quantities of radiocactive materials.
Geologic conditions that would be favorable for one of these considerations
might be unfavorable for another; therefore, an ideal environment does not
exist, and the selection of any actual site will require compromise. Per-
haps the only valid generalization is that all of these considerations
will be easier to evaluate if the geology and hydrology of the site are
simple and predictable,

In connection with the consequences of accidental release, simplicity
in the hydrologic and climatologic environment is particularly desirable.
Only in cases where the conditions can be analyzed in detail and with con-
siderable confidence can predictions of the possible results of an accident
be made. These predictions will allow proper precautions to be taken
against such an eventuality, as well as suggest effective remedial measures
in the event of an accident. A simple geologic and hydrologic enviromment
also makes it possible to determine, with confidence, the most effective
local methods for ultimate disposal, the maximum quantities of radioactive
material that may be released to the emviromment, and the best methods for
monitoring the enviromment to make certain that safe levels of discharge

are not being exceeded.
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Geoseismology. - Faults, vibrations, and tsunamis are the major earth-

quake-induced phenomena to be considered in the siting and the design of
nuclear facilities (including fuel reprocessing plants). All of these are
important for some sites along the West Coast of the United States; on the
other hand, vibratory effects are generally the sole concern in the eastern
part of the country. In many regions of the United States, it appears that
earthquake-induced phenomena can be adequately considered through currently
acceptable engineering practices; however, in some highly seismically
active regions, the high degree of geoseismological conservatism requires

that unique and presently improved designs be considered.

2.7.2 Geographic Considerations

The primary consideration in acquiring a site for a fuel reprocessing
plant is to provide sufficient distance between the plant and private lands
to ensure that the general public will not be harmed by either normal oper-
ations or by credible accidents., Second, the site should be located at a
place where the aggregate cost of raw materials, transportation of materials
to the plant, manufacturing, and transportation of finished products to the
market will be at a minimum. In present plants, the basic raw materials
are water, nitric acid, solvent, and aggregate for concrete. Either a
railroad spur or a waterway with barging facilities is a practical necessity
since some spent-fuel shipping casks weigh 50 to 100 tons. Paved highways
are necessary for trucking smaller casks, raw materials, finished products,
and waste. Manufacturing costs are dependent on an adequate supply of
skilled labor and on the prevailing wage scales in the vicinity. Conven-
iently located housing and community facilities are desirable. Long
commuting distances, poor social facilities, and undesirable climates
all tend to result in a large labor turnover. The plant must have adequate
acreage for possible future expansion, suitable soll or rock foundations
for heavy concrete structures, and reliable electric power, preferably from
two independent sources. Ideally, the plant should be located relatively
near power reactors and sites designated for the disposal of high- and

low-level wastes,
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Site Size. - The site boundary is determined most accurately and
restrictively by the requirement that the direct exposure of the surround-
ing public to radioactive gaseous or liquid effluents must be maintained
at allowable levels. Penetrating radiation that escapes through the

shielding used in the plant is not normally a consideration.

Studies at Hanford indicate that controlled areas extending 0.5 to
1 mile from the plant are desirable for the control of "nuisance contami-
nation" resulting from a temporary loss of control of relatively small
quantities of radioactive materials. Such minor releases might result
from outside decontamination operations on large pieces of process equip-
ment or shipping casks. This is not an absolute limitation; it is possible
(i.e., at increased cost) to house those facilities that would potentially
disperse low-level contaminants. It was found that the routine release of
noxious nonradioactive chemicals to the atmosphere (most significantly NOZ)
would dictate a site boundary about 1 mile from the stack. This is also
not an absolute limitation, since such gases may be removed from stack
effluents to practically any extent required using present technology.
The discharge of low-level liquid radioactive effluents is determined
primarily by the relative flow rate of groundwater and surface water as

a function of distance from the plant and the subsequent use of the water.

Surrounding Population Density. - Federal regulations (10CFR100)

specify that there shall be a zone of low population (presently not quan-
titatively defined) surrounding a reactor plant. The primary concern is

to prevent the general public from receiving somatically or genetically
significant doses of radiation. The cost of indemnification is also of
concern; claims resulting from overexposure to radiation during an accident

would probably be directly proportional to the number of persons involved.

Land and Water Usage. - Special considerations are required when fuel

reprocessing plants are located in areas where there are mechanisms for
reconcentration of the radioactive effluents and pathways for ingestion

20 13708) are known

by the public. Since certain radionuclides (e.g., 7 Sr,
to concentrate in crops and fish, the restrictions on the discharge of
low-level liquid waste effluents containing these nuclides to surface

waters subsequently used for irrigation or fishing may be more severe
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than if the water were used only for drinking., Deposition of radioiodine
from gaseous wastes on grass, followed by the cow-milk pathway to the thy-
roids of small children, may result in maximum permissible air concentrations
which are lower by a factor of 500 to 1000 than those for inhalation.

Relation of the Plant to Other Nuclear Facilities. - The fuel reproc-

essing plant should be designed and located to take into account adjacent
nuclear facilities, including reactor plants, other reprocessing plants,
and waste disposal sites. Effluents from the plant must not mask nuclear
instrumentation at adjacent sites. Accidents in the plant should not cause
undue haste and unsafe evacuations of adjacent sites. In addition, the
effluents from each plant must be restricted in such a way that their
combined effect will not endanger the safety of the public. In practice,
the effect of these restrictions has been minimal at the production plants
and national laboratories; the incremental costs of additional engineered
safety features are generally offset by the decreased costs resulting from

shared personnel, services, and facilities.

Regional Distribution of Potential Sites. - Results of a rather general

study (see Sect. 7.2.5), which takes into account the results presented
elsewhere in this report, indicate that there are many potential sites
for fuel reprocessing plants in each of the electric utility districts in
the United States. Of the districts that are predicted to have a large
concentration of power reactors, it appears that the least difficulty
would be encountered by siting in the Southeast because of the low popu-
lation density, adequate access to railroads, and low selsmic probability;
the most difficulty should be encountered in siting near the West Coast,
primarily because of the high seismic probability.

2.8 Health and Safety Aspects of Plant Siting

The principal criterion for judging the adequacy of a site for a fuel
reprocessing plant is the provision that no undue risk exists with regard
to public health and safety in the surrounding areas. Present and foresee-
able technology requires that such plants routinely discharge small quan-

tities of radiocactive materials to the atmosphere; for this reason, and
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also because of the large inventory of hazardous materials, there is

always a small, but finite, probability of a major discharge,

2.8.1 Routine Release of Radioactive Materials

The consequences of, and the site boundary distances dictated by,
routine releases from fuel reprocessing plants were estimated by assuming
the following: (1) ORNL meteorological conditions, (2) the complete
release of noble gases and tritium, (3) iodine decontamination factors
(DF's) of 1000 (present technology) and 107 in plants for processing
highly irradiated fuels after cooling periods of 150 and 30 days, respec-
tively, and (4) a particulate-release-rate model that agrees satisfactorily
with existing data. For reference purposes, the acceptable concentrations
at the site boundary were selected as one-third of the air concentrations
listed in 10CFR20, Appendix B, Table II, Column 1, with the exception that
the 1311 concentrations were reduced by a factor of 700 to account for the

grass-cow-milk pathway to the thyroids of small children,

Table 2.2 compares the average annual air concentrations of radio-
nuclides at the (dictated) site boundaries of conceptual plants with those
estimated for the NFS, MFRP, and BNFP plants. The downwind doses resulting
from the normal release of radionuclides from plants are estimated to be

controlled by the noble gases and iodine,

The magnitude of the distances to the site boundary estimated for
plants of large capacity indicates the need for at least partial removal
of the noble gases and removal of a larger fraction of the iodine than was
assumed for the analysis. On the basis that the site boundaries dictated
by routine releases should be no greater than those dictated by "upper
limit accident," equipment for removing 50 to 99% of the noble gases
appears necessary for plants having capacities of more than a few tons
per day; an iodine removal capability greater than that demonstrated in
present technology will be required for LWR plants having capacities
greater than about 6 to 10 tons/day, while DF's as high as 1O8 will be
required for FBR plants if the FBR fuel is to be processed after decay
times of only 30 days.



Table 2.2,

Private Industrial Fuel Processing Plants

(260 days of operation per year)

Fraction of Maximum Permissible Average Annual Air Concentrations Resulting from the Routine
Release of Radionuclides at the Site Boundaries of Existing, Proposed, and Conceptual

Average

Fuel Characteristics Distance Annual Fraction of 1/3 x(10CFR20) Concentrations at Site Boundary®’®
Plant Specific Decay to Site Aeolian
Capacity Burnup Power Period Boundary Dilutign 8 199 131 Fission Product Actinide
Plant (metric tons/day) (Mwd/ton) (Mw/ton) (days) (km) (sec/m”) 5Kr-l33}(e 3 911311 Solids Solids
NFS 1 20,000 32 150 1.5 2.2 x 1077 0.23 0.002 0.47 0,0007¢ -
(3, 300, 000) (18,000} (3.1) (~1) -
MFRP 1 43,800 30 160 0.6-3 1.1 x 107 0,12 0,005 0.23 <0,0005 <0.11
(3,300,000) (100, 000) (3.1) (<2.2) (<0.63)
BNFP c.8 35,000 40 160 2 5.7 x 10‘8 0.2 . 0,02 0.27 0,003 0.017
(L.h x 10" (600,000) (21) (60) (3.5)
LwR 1 33,000 30 150 <0.6 6.3 x 1077 0.58 5 0.05h 0.15 0.003 0.021 )
(2.9 x 10°) (180,000) (0.56) (13) (0.43) 1
n
LWR 6 33,000 30 150 0.5-6 1.8 x 1077 1.0 7 0.093 0.25 0,002 0.018 =
(1.7 x 107) (1,100, 000) (3.) (L) (1.3)
LWR 36 33,000 30 150 5-29 3.0 x 1078 1.0 4 0.093 0.25 0.00% 0.009
(1.0 x 10°) (6,500,000) (20) (120) (3.8)
FBR 1 33,000 58 30 <0.6 6.3 x 1077 0.92 0,073 0.52 0,0003 0.008
(4.6 x 10%) (240,000} (3.6) (4.3) (0.16)
FBR 6 33,000 58 30 1.5-10 1.1 x 1077 1.0 . 0.079 0.56 0.0001 0.003
(2.8 x 107) (1,450,000) (22) (9.0) (0.31)
FBR 36 33,000 58 30 7-h2 1.9 x 1070 1.0 ¢ 0,079 0.56 0.0001 0.003
(1.7 x 10°) (8, 700,000) (130) (sL) (1.9)
10

#The reference values selected are one-third of the concentrations found in 10CFR20, Appendix B, Table II, Column 1, They are 1l x 10_7, 7 x 1077,

1 x120710, 3 x 10

3

and L x 10—13 for 85}(1‘ -133Xe, 3H, mixed LWR fission products, mixed FBR fission products, and mixed actinides respectively. The 10CFR20 value for 1311 was reduced by

a factor of 700, resulting in a reference concentration of 1.4 x 10
of 1.L x 10'13. The 10CFR20 value for 1297 was reduced by a factor of 7000, resulting in a reference concentration of 3 x 10_15.

b : . . s
Release rates, in curies/year, are given in parentheses.

-13

The 10CFR20 value for 1311 was reduced by a factor of 700, resulting in a reference concentration
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2.8.2 Releases from Upper Limit Accidents

The consequences of upper limit accidents were estimated assuming
that the acceptable annual dose commitments resulting from exposure to
the radiocactive cloud or inhalation at the site boundary are values
recommended by the National Committee on Radiation Protection for annual
occupational exposure. The dose commitment analysis was based on the
assumptions of flat downwind terrain and exposure to the radiocactive
cloud. The consequences of downwind ground contamination and additional
exposures by such phenomena as reentrainment were not considered as
mechanisms that would limit plant siting. Excessive levels of ground
contamination would cause inconveniences, require expensive decontamina-
tion procedures, and result in property loss; however, they probably
would not present an unavoidable threat to the health and safety of the
public.

In Table 2.3, the total dose commitments resulting from various upper
limit accidents at the accident-dictated site boundaries of the conceptual
plants are compared with estimated dose commitments at the site boundaries
of the NFS, MFRP, and BNFP plants. Confinement and ventilation systems in
fuel reprocessing plants remove particulates of nonvolatiles dispersed
under accidental conditions to such an extent that the upper limit acci-
dents are controlled by the release of such volatile and semivolatile
materials as the noble gases, lodine, ruthenium, cesium, and tellurium.
The maximum site boundaries for all plants are estimated to be determined
by the whole-body dose resulting from the release of volatile '"fresh"
fission products from a nuclear excursion (304 and 1% release of iodines
from IWR and FBR plants, respectively, plus 100% release of the noble

gases).

Credible upper limit accidents in well-designed facilities for the
interim storage of either ligquid or solid wastes are estimated to be
inconsequential with respect to those from processing operations in the
plant. It is assumed that future liquid waste storage facilities will
be designed to maintain thelr containment potential when exposed to
credible internal (e.g., a hydrogen-air explosion) or external (e.g.,

loss of power, earthquake, etc.) forces. The consequences of a liquid



Table 2.3.

Estimated Lifetime Dose Commitments to Critical Organs Resulting from Upper
at NFS, MFRP, BNFP, and Conceptual Plants for Processing LWR and FBR Fuels®’

%imit Accidents

Conceptual LWR Plants of Capacity:

Conceptual FBR Plants of Capacity:

1 Metric 6 Metric 36 Metric 1 Metric 6 Metric 36 Metric
Type of Release NFS MFRP BNFP Ton/Day Tons/Day Tons /Day Ton/Day Tons/Day Tons/day
"Fresh" figsion products
Total number of Fissions 10°0 100 1018 2.7 x 10°° 1.6 x 10°F 1.6 x 10°% 8.0 x 1070 1.6 x 10°1 2.k x 10°%
Thyroid dose commitment, rems ~2 26 - 9.1 30 30 0.65 1.0 1.3
Whole-body dose commitment, rems 0.09 0.002°¢ 5.0 7.0 5.0 5.0 5.0 5.0
Noble gases (BSKr and 133Xe)
Release, curies - - - 70,000 1420, 000 2,500,000 350,000 2,100,000 13,000, 000
Whole-body dose commitment, rems - - - 0.054 0.18 1.0 0.18 0.88 L.k
Halogens 31 ang T2%1)
Release, curies 1.7 1.2 1.1 3.1 18 55 1100 6500 9700
Thyroid dose commitment, rems - 0.0L7 - 0.05 0.2 0.5 L.6 22 27
Semivolatile fission products
Release, curies - - 1900 760 4500 L5500 3600 7300 11,000
106g,  curies - - 1500 410 2500 2500 1300 2600 3900
Lung dose cormitment, rems - - ~0,0007° 2.7 8.9 8.9 5.0 7.9 13
Nonvolatile fission products
and transplutonics
Release, curies 1.1 5 120 3.3 20 20 37 h 111
Ce, curies - - 23 0.58 3.5 3.5 2.3 L.7 7.1
2W20n, curies 1.7 0.011 0.068 0.068
Lung dose commitment, rems - - <0.0007° 0.008 0.03 0.03 0.04 0.06 0.07
Bone dose commitment, rems (~0.02) 0.075 - 0.024 (0.005) 0.077 (0.017) 0.077 (0.017) 0.060 (0.024) 0.10 (0.04) 0.12 (0.0%)
Plutonium
Release, alpha curies 0.65 <3 0,11 0.16 0.98 0.98 0.30 0.61 0.91
Bone dose commitment, rems 13 <0,0007° 6.7 (0.26) 22 (0.8) 22 (0.8) 8.6 (0.3) 1 (0.5) 18 (0.7)
Distance to site boundary, km 1.5 0.6 2 0.l 2.0 2.0 1.2 2.0 2.8
%The underlined numbers are those that fix the radial distance to the site boundary.
bThe numbers in parentheses are the first-year dose commitment for those cases in which the first-year dose commitment is not equal to the

lifetime dose commitment.

®The Allied Chemical Corporation reports the external exposure dose from beta and garma radiation.

9c-¢
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waste tank boildown that occurs over several days (assuming that no
remedial action is taken) with the accompanying release of radioactive
material directly to the atmosphere by entrainment in the steam, or a
loss of canal water with resultant meltdown and entrainment of calcined
waste, are sufficiently serious that they must be rendered incredible by

the provision of adequately engineered safety features.
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3., MAGNITUDE OF THE PROBLEM

This section contains the data characterizing the fuel reprocessing
and waste management operations associated with the civilian nuclear
power economy that is projected for the United States over the next
three to four decades. Much of the material serves as the basis for
further calculations and considerations in subsequent sections of the
report. A recent projection of nuclear power growth and of fuel reproc-
essing requirements for the entire nation is broken into components
corresponding to the geographical regions of the Federal Power Commission;
design and performance characteristics are summarized for a typical light-
water reactor (LWR) and a liquid-metal-cooled fast breeder reactor (LMFBR);
isotopic compositions and radiation characteristics of the irradiated
fuels from these reactors, and of the wastes generated by the reprocessing
of these fuels, are tabulated; and projections of spent-fuel shipping
requirements and waste management operations are made. For the primary
purposes of this report, only projections through the end of this century
are emphasized; however, in many of the following tables and figures, the
forecasts have been extended an additional 20 years as a matter of general

interest,.
3.1 Projected Nuclear Power Buildup and Reprocessing Loads

The projection of nuclear power growth and fuel reprocessing require-
ments that served as a basis for this study was taken from Phase 3, Case
42, a study made by the AEC Systems Analysis Task Force (SATF) in April
1968.% This particular case considers power generation by only two reactor
types. Light-water reactors predominate until the early 1990's, but fast
breeder reactors go on-stream during the 1980-1981 period and assume an

increasingly significant role thereafter (Table 3.1 and Fig. 3.1). The

"More recent projections have been made by the AEC (see USAEC Report
WASH-1149, in press), but these forecasts were not available at the
inception of this study. The differences between them and Phase 3,
Case lj2 are not of sufficient magnitude to affect the fundamental
thesis and conclusions of this report.
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Table 3.1. Projected Installed Nuclear Capacity in the United Statesa

Installed Capacity [gigawatts (electrical)]b

Period LWR IMFBR Total
1970-1971 1L 0 1,
1972-1973 32 0 32
1974-1975 52 0 52
1976-1977 7 0 77
1978-1979 112 0 112
1980-1981 149 N 153
1982-1983 181 12 193
198L-1985 203 28 231
1986-1987 211 60 271
1988-1989 223 95 318
1990-1991 223 15 368
1992-1993 223 201 Lol
1994-1995 223 265 1,88
1996-1997 223 337 560
1998-1999 223 420 643
2000-2001 209 526 735
2002-2003 192 655 8L7
200L~2005 201 768 969
2006-2007 238 861 1099
2008-2009 2L7 990 1237
2010-2011 360 1023 1383
2012-2013 387 1150 1537
201L4-2015 368 1329 1697
2016-2017 506 1357 1863
2018-2019 sl 1493 203L

#Taken from Phase 3, Case L2, Systems Analysis Task Force (April 11, 1968).

b‘I‘he installed capacities given here correspond to those in existence at
the midpoint of the respective two-year periods.
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United States (SATF Phase 3, Case L2).
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total installed nuclear generating capacity increases from 1l,000 Mw
(electrical) in 1970 to 153,000 Mw in 1980, and reaches 735,000 Mw in
the year 2000, The quantities of spent fuel discharged by reactor and
by fuel type are presented in Table 3.2, In the case of IWR's, enriched
uranium and plutonium recycle fuels are listed separately; the LMFBR

estimates include both core and blankets.

The Phase 3, Case L2 projections for the entire United States were
apportioned into the eight geographical power supply regions of the
Federal Power Commission (FPC), as shown in Fig, 3.2.1 This was done
by using previous AEC estimates of nuclear power growth through 19802
and a distribution proposed by Searl3 for the year 2000, TFor the pres-
ent study, the AEC data were regrouped according to FPC region to serve
for the 1970-1980 period. For the period between 1980 and 2000, the data
were smoothed and normalized in order to yield the same distribution in
the year 2000 as was forecast by Searl. Finally, for the years following
2000, the assumption was made that the nuclear power distribution remained
unchanged, Table 3.3 presents the resulting projections of installed
nuclear power capacity for the FPC regions, and these data are presented

graphically in Fig. 3.3.

The projected regional distribution of spent fuel is given in Table
3.4 and Fig. 3.4L. These data were generated by assuming a time lag be-
tween power generation and spent-fuel discharge computed on the basis
that the distribution in any year is proportional to two-thirds of the
power distribution one year earlier, and to one-third of the power distri-

bution two years earlier. Mathematically,

1
=T |=f + =f
Lt,r [3 (t-1),r 3 (t—2),r] s "
where Lt,r = load generated in region, r, at time t, .
T = total load generated at time t,
f = fraction of power generated in region r.
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Table 3.2. Projected Spent Fuel Discharge Schedule
by Reactor and Fuel Type?

(Metric tons discharged during the two-year period indicated)

Period ILWR-TU LWR-Pu Recycle ILMFBR Total
1970-1971 L1s 0 0 L5
1972-1973 1,291 3L 0 1,325
1974-1975 2,238 16l 0 2,102
1976-1977 3,307 386 0 3,693
1978-1979 5,276 509 0 5,785
1980-1981 6,308 1,445 91 7,840
1982-1983 6,483 L,10k 359 10,946
19811985 7,028 7,211 7h9 1,988
1986-1987 7,621 9,118 2,475 19,21L
1988-1989 7,28 9,574 5,439 22,297
1990-1991 7,981 9,943 9,221 27,145
1992-1993 7,965 8,911 10,612 27,.88
199L-1995 7,553 7,100 11,99 26,647
1996-1997 6,863 6,822 1,477 28,162
1998-1999 6,76L 5,897 16,135 28,796
2000-2001 6,610 5,640 17,872 30,122
2002 -2003 Ly, 98L 4,803 21,232 31,019
200L-2005 b,h3lk 5,299 25,0uk 34,777
2006-2007 1,168 6,467 26,118 36,753
2008-2009 3,037 10,018 27,082 10,137
2010-2011 0 15,299 32,693 147,992
2012-2013 0 18,107 30,973 119,080
201L-2015 0 20,727 33,708 5L, L3k
2016-20L7 0 20, 785 36,264 57,049
2018-2019 0 23,813 40,221 6l,034

#Taken from Phase 3, Case L2, Systems Analysis Task Force (April 11, 1968).
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Table 3.3. Projected Geographical Distribution of Nuclear Power Capacity
(Gigawatts installed as of beginning of year)
FPC Region Designation Total
in
Year I II  III v v VI VII  VIII U.S.A.%
1970 2.8 0.3 0.5 2.3 0.0 0.0 0.6 0.4 7
1971 5.9 0.5 2.8 L0 0.0 0.0 0.7 0.4 1
1972 8.8 0.8 6.6 4.8 0.0 0.5 0.8 0.5 23
1973 10.3 2.9 8.0 6.6 0.0 1.3 0.8 2.0 32
1974 12.9 2.9 10.8 7.7 0.7 1.2 1.6 3.6 b1
1975 16.1 3.9 14.0 9.0 0.7 1.6 2.1 L.6 52
1976 19.7 L.2 16.9 10.7 0.7 1.6 3.5 6.5 6L
1977 23.L 5.1 20.7 12.3 1.4 1.5 L.l 8.5 77
1978 28.3 5.9 25.7 1.l 1.h 2.3 5.1 10.9 ol
1979 33.8 7.4 30.5 16.9 1.5 2. 6.2 13.7 112
1980 39.1 8.9 6.4 19.1 2.3 3.2 7.2 16.6 133
1982 Lo.L 12.7 L7.3 23.7 L.l h.? 9.4 22.7 173
198 58.3 16.8 57.4 28.1 6.3 5.1 11.5 28.5 2172
1986 66.1 21.6 66.9 32.h 9.2 6.0 13.7 34.3 250
1988 73.8 27.2 77.5 37.6 13.8 7.1 16.3 1.0 29
1990 81.2 33.9 88.L L3.2 20.2 8.3 19.2 L8.1 3)2
1992 88.0 1.6 98.6 9.3 29.6 9.6 22,7 55.8 395
1994 95.8 50,9  110. 56.6 39,7 11.1 26.7 6l 455
1996  104.7 61.5 122.5 6L.L 51.3 12.8 31.7 73.7 523
1998  115.3 73.9  136.3 73.4 6L.6 1.8 37.8 8.2 600
2000 127.5 87.4h 151.8 83.3 78.8  16.9 L5.6 95.2 686
2002 1L43.6 103.2 170.7 oL.6 95.7 19.L ch.2 108, 790
200, 161.9 121.4 192.,9 108.0 113.8 22.3 6,3  122.3 907
2006 181.2 1h1.3 216.6 122.8 133.6 25.l4 75.3  136.7 1033
2008 202,4 162.5 2l1.7 138.3 15hL.L4  28.8 87.3 151.5 1167
2010 225,0 185.3 269.2 15L.7 176.9 32.%5 99,5 165.8 1309
2012 249.7 208.3 297.6 172.2 200.3 36.3 113.2 181.5  1L59
201, 275.2 233.3 325.5 190.2 225.3 L0o.Lh 127.1  197.1 1616
2016 301.7 259.0 358.4 209.4L 250.9 L4.7 1h2.0 213.8 1779
2018 328.6 285.8 390.8 229.L 277.1 L9.0 156.5 230.L 19.8
2020 357.2 313.3 L2L4,0 250.1 304.2 53,6 172.1 247.0 2122

®Phase 3, Case L2, Systems Analysis Task Force (April 11, 1968).
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Table 3.li. Projected Geographical Distribution of Spent Fuel Discharges

(Metric tons discharged during year)

FPC Region Designation Total
in

Year I II III v v VI VII VIIT U.s.A.2
1970 56 2 0 12 0 0 15 9 ol
1971 156 11 16 88 0 0 31 20 321
1972 218 20 82 156 0 0 32 20 528
1973 31h 28 206 185 0 12 32 20 797
1974 357 75 275 216 0 35 29 52 1040
1975 430 105 351 263 16 L3 Lé 109 1362
1976 1,90 116 L2l 281 23 L6 69 139 1585
1977 653 1L6 562 358 25 55 105 20k 2108
1978 805 181 705 L27 L1 56 138 282 2635
1979 950 205 857 L89 50 72 169 358 3150
1980 106L 228 963 535 L8 78 193 L2k 3534
1982 1hh9 340 1359 701 98 120 270 631 1,968
198l 1966 52l 1893 ol2 177 167 378 918 6966
1986 2506 752 2487 1210 29, 221 501 1250 9222

1988 27hh 930 2803 1360 L2l 25k 578  1L53 10,5k2

1990 3332 1278 3542 1722 685 328 750 1892 13,530
1992 3211 1400 38543  17h2 887 337 778 1952 13,849
1994 2866 1411 3247 1636 1037 320 759 1857 13,13k
1996 2897 1596 3353 173L 1271 343 830 1978 14,002
1998 2803 1703 3302 1749  1hhh  3h9 877 2004 14,232

2000 2839 1863 3362 182L 16L6 368 956 2093 1,949
2002 2767 1931 3299 1816 1763 370 106 2078 15,040
200k 3092 2261 3685 2048 2105 L2o 1192 2338 17,10
2006 3182 2422 3803 2138 2277 L2 1285  2LoL 17,953
2008 3335 2629 3982 2267 2LB7 470 1403 2513 19,087

201.0 12 3340 L4928 2828 3182 589 179L 3075 23,860
2012 hooh 3387 LB893 2819 3249 593 1830 3007 23,871
20LL L4593 3857 Sh76 3171 3710 671 2096 3318 26,891
0016  L70L  LOO6 5591 3256 3868 692 2187  33L9 27,651
2018 5378 L4639 6393 3741 Lh8O 799 2540 3788 31,757

2020 5556  L8L9 6605  388L L4701 832 2661 3868 32,956

%Phase 3, Case 12, Systems Analysis Task Force (April 11, 1968).
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The projected annual discharge of fissile plutonium isotopes in the
eight FPC power supply regions during the period 1970-2020 is presented
in Table 3.5 and Fig. 3.5. Again, a time lag, which was computed in the
same mamner as that used to estimate the distribution of spent-fuel dis-

charges, was applied.
3.2 Reactor Design and Performance Characteristics

Two 1000-Mw (electrical) reactors whose design and performance charac-
teristics have been previously defined were chosen as representative types
for this study (Table 3.6). The LWR is the reference pressurized-water
type described in a recent AEC-sponsored task force stu.dy.LL Fueled with
zircaloy-clad U0, (3.3% 235
34.8 Me/metric ton and achieves a fuel exposure of 33,000 Mwd/metric ton,

U), it operates at an average power level of

The IMFBR is the reference oxide design that was developed by Atomics
International (AI) for the Systems Analysis Task Force Study.5 It is
fueled with stainless-steel-clad UOZ-—lS.é% Pu0,
less-steel-clad, slightly enriched UO2 in the axial and radial blankets.
Fuel exposures of 80,000 Mwd/metric ton at a specific power of 175 Mw/metric
ton, 2500 Mwd/metric ton at 5.5 Mw/metric ton, and 8100 Mwd/metric ton at

10 Mw/metric ton are achieved in the core, the axial blarket, and the

in the core, and stain-

radial blanket respectively. The projected refueling cycle is once every
153 days, when one-third of the core and the axial blanket and about three-
sixteenths of the radial blanket are discharged.

3.3 Radiation Characteristics of Irradiated Fuels and of Wastes
Generated During Spent-Fuel Processing

The masses, radioactivity, and thermal power of fission products,
actinide isotopes, and activation products present in the irradiated fuels
from the LWR and the IMFBR described above, and in the wastes generated
during spent-fuel processing, were calculated as a function of decay time
using the computer program ORIGEN.  The nuclear characteristics of the
Diablo Canyon Nuclear Power Plant reactor were used in the calculations

for the reference LWR since some of the required data were not given for
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Fissile Plutonium Discharged by Reactors
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.5. Projected Geographical Distribution of

(Metric tons discharged during year)

FPC Region Designation Total
in
Year I IT IIT IV v VI VII VIII U.S.A.2
1970 0.5 0 0 0.2 0 0 0.1 0.1 0.9
1971 0.5 0 0 0.3 0 0 0.1 0.1 1.0
1972 1.4 0.1 0.5 1.0 0 0 0.2 0.1 3.3
1973 1.5 0.1 1.0 1.1 0 0.1 0.2 0.1 L.1
197k 2.1 0.4 1. 1.2 0 0.2 0.2 0.3 6.0
1975 2.9 0.8 2.2 1.8 0.1 0.2 0.3 0.7 9.0
1976 3.4 1.0 2.8 2.0 0.1 0.3 0.4 1.2 11
1977 4.0 1.1 3.5 2.2 0.2 0.4 0.7 1.8 1
1978 5.2 1.2 L.6 2.6 0.2 0.4 0.9 2.0 17
1979 6.8 1.4 5.8 3.1 0.3 0.8 1.3 2.8 23
1980 8 p) 7 L 0.Lh 1 1 3 26
1982 13 3 12 6 1 1 2 6 Ll
198), 21 6 20 10 2 2 L 10 i
1986 26 8 26 13 3 2 5 13 97
1988 37 13 38 18 6 3 8 20 140
1990 55 21 59 29 11 5 12 31 220
1992 66 29 72 36 18 7 16 Lo 280
199 73 36 82 I 26 8 19 L7 330
1996 8L L6 97 50 37 10 2l 57 L00
1998 91 55 107 57 L7 11 29 65 " 160
2000 97 6l 115 62 56 13 33 71 510
2002 111 7 132 73 70 15 L1 83 600
200l 13k 98 160 89 91 18 52 101 740
2006 140 106 167 ol 100 19 56 106 790
2008 L7 116 175 100 109 21 62 110 8L0
2010 180 146 215 123 139 26 78 134 1040
2012 182 151 218 125 145 26 81 13k 1060
201L 198 166 236 137 160 29 90 143 1160
2016 202 172 210 140 166 30 9l 1 1190
2018 238 205 282 165 198 35 112 167 1400
2020 24, 213 290 171 207 37 117 170 1500

®Phase 3, Case L2, Systems Analysis Task Force (April 11, 1968).
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Table 3.6. Summary of Reactor Design and Performance Characteristics

LWR

IMFBR

Fuel form
Power, Mw (thermal)
Thermal efficiency, %

Core
Avg. sp. power, Mw/metric ton
Burnup, Mwd/metric ton
Charge, metric tons
Enrichment, %
Refueling interval, full-power days
Refueling fraction
Fuel element
Rods/element
Elements/reactor
Rod length, with plenum, in.
Cladding

Outside diameter, in.
Wall thickness, in.

Axial blanket
Avg, sp. power, Mw/metric ton
Burnup, Mwd/metric ton
Charge, metric tons
Enrichment, %

Radial blanket
Avg., sp. power, Mw/metric ton
Burnup, Mwd/metric ton
Charge, metric tons
Enrichment, %
Refueling interval, full-power days
Refueling fraction
Fuel element
Rods/element
Elements/reactor
Rod length, with plenum, in.
Cladding
Outside diameter, in.
Wall thickness, in.

Oxide pellets

3083
35.4

34.8
33,000
88.6 (U)
3.3 (2350)
~365

1/3

Square

204

193

148
Zircaloy-l

(Inconel spacers)

0.422
0.0243

Oxide pellets

2500
L0

175
80,000

12.6 (U + Pu)
15.6 (23%n)

1532
1/32
Hex®
2172
2508
L2
304 Ss@

0.252
0.0152

2500
g:gz(gggu)

10
8100 :
26.7 (U
1.96 (2%5U)
153

~3/16

Hex

169, 91

39, 87

8L, 72

304 SS
0.35, 0.51
0.015

#1s0 applicable to the axial blanket which is an integral unit with

the core assembly.

LU

e
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the reference reactor that was described in the task force r'eport.}‘L The
LWR was assumed to operate at a constant average specific power of 30 Mw/

metric ton (equivalent to a load factor of 0.85).

In the case of the AI Reference Oxide LMFBR, the core was assumed
to operate at a constant average specific power of 148.15 Mw/metric ton
for 540 days (equivalent to a load factor of 0.85). The specific power
of the axial blanket was input as a step function, varying from 2.27
Mw/metric ton (at startup) to 6.99 Mw/metric ton (at a discharge time
of 540 days) and averaging .63 Mw/metric ton, The specific power of
the radial blanket varied from 2.32 Mw/metric ton (at startup) to 1l.38
Mw/metric ton (at discharge) and averaged 8.4 Mw/metric ton. In this
study, it is assumed that the core and blankets are mixed proportionately
("homogenized") prior to processing, yielding a fuel mixture having an

average burnup of 33,000 Mwd/metric ton,

Transient conditions of about 700 nuclides in the current data
libraries of ORIGEN were calculated for each reactor, and the results
are presented in the form of summary tables of the most significant
isotopes present in spent fuels and wastes in terms of mass, activity,
and thermal power, These properties are tabulated for each isotope and
for each element., All results are based on one metric ton of uranium
charged to the ILWR, and on one metric ton of uranium-plus-plutonium

originally charged in the "homogenized" IMFBR core and blankets.

3.3.1 Diablo Canyon Reference LWR

Fission Products., - Tables 3.7 through 3.12 present the calculated

masses, radioactivity, and thermal power of significant fission products
present in the wastes generated by the processing of spent Diablo Canyon
reference fuel (or in the spent fuel before reprocessing) as a function

of postirradiation decay times of 90 to 365,250 days. Tables 3.7, 3.9,

and 3.11 give the weight, activity, and thermal power, respectively, for
individual isotopes; these same data, summed for each fission-product

element, are given in Tables 3.8, 3.10, and 3,12 respectively.
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Table 3.7. Masses of Fission-Product Nuclides Calculated to Be Present
in Spent Diablo Canyon Reference LWR Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

DIABLD CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 90 DAYS)
PNWFR= 20.00 MW/MT, BURNUP= 132000. MWD/MT, FLUX= 2.91E 13 N/CM*%2-SEC

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACYOR
CHARGE 9C.D 150.D 26%.D 3652.D 36525.D 365250.D

SE 78 0.0 2.55F 00 2.55E 0C 2.55E 00 2.55F 00 2.55E 00 2.55F 0O
SE 70 0.0 5.65E 00 §,65E 00 5.65F OF 5.65E 70 S.64E 00 5.59F 00
SE BC  £.0 1.036 €1 1.63F 01 1.02F 01 1.03F 01 1.03F 01 1.03E 01}
BR 81 0.0 1.51€ 01 1.51E 01 1,516 O1 1.51F Q1 1.51F 01 1.51F 01
SE R2 0.0 2,256 01 2.25F 01 3.25F 01 2,25€ Gl 2,256 01 2,25€ (1
KR 82 .0 4.08F N1 4,08F Q1 4,08F €1 4,M08F N1 4,08F 0) 4.08F 01
KR 84 0.0 1.11€ 02 1.11F 02 1.11F 02 1.11F 02 1.11F 02 1.11€ Q2
KR 85 0.0 2.90E 01 2.87E€ 01 2.76F 01 1.55E 01 4,69E-D? C.0
RB £S5 .0 9.41E D1 9,45E NP1 9,58F 01 1,08F 32 1.23F 02 1.23€ 02
KR & 0.0 1.92F 02 1.92F 02 1.92F 02 1.92E 02 1.92E 02 1.92F 2
RB 87 .0 2.398 02 2,39F 02 2.39F 02 2.39F N2 2.30F N2 2,39F 02
SR 88 .0 3.51F £2 3,51F€ 02 3.51F 02 3,51€ €2 3,51F 02 3.51F 02
SR 89 0,0 7.57E CO 3.40F 00 1.94E-01 1.81E-20 0.0 0.0

Y 89 0,0 4.5TE 02 4.61E€ 02 4.65F 02 4.65E 02 4.65F 02 4.65F 22
SR 9n .0 5.44F €2 5.,41E 02 5.234E 02 4.27F €2 4,64F 01 1,06E-08
ZR 90 0.0 2.64% 01 2.86F 01 3.64F 01 1.43E 02 5.24F 02 5.70E C2
Y 91 0.0 1.32€ 01 6.50F 00 5.16E-01 7.70E-18 0.0 0.0
ZR 91 C.C 5.96F 02 6.03F 02 6.09E €2 6.09F 32 6.09E N2 6.N9E 32
IR 92 0.0 6.63F 02 6.63F 02 6.63F 02 6.63F 02 5.63E 02 6.63F 02
IR 97 0.0 7.35E 02 7.235F 02 7.35E 02 7.35E 02 7.35F 02 7.34F 02
IR 9% €, 7.89F (2 T.89E 02 7.89F 02 7.89E 02 T.89E N2 7.R9E G2
IR 95 0.0 2.475 01 1.31F 01 1.32E 0C 7.94F-16 0.0 0.0
NR 95 0.0 2.71E €1 1.32€ 01 1.S1E 00 4.81E-10 0.0 0.0
MO o5 .0 7423 €2 TJ64F 02 T.6TF 02 T.I0E 02 T.70E 02 T7.70E 02
IR 96 F.n 8.30F 02 8.30Ff 02 B.3CE 02 B.30F 02 8.30F 02 8.30F 02
MO 96 0.0 2,95 01 3.05€ 01 2.S€E 01 3,95E 01 3,95 01 3,95F 01
MO 97 0,0 8.38E 02 8.38F 02 8,38F 02 B,38E (2 8.38F 02 8.38F (2
MO 98 ©.0 8.49F (2 B,49FE 02 8.49E 02 8.40F 02 B.49F 02 R,49E 02
TC 99 0.0 B.25E 02 8.35F 02 8.35FE 02 8.35F 02 8.35F 02 R.32E 02
MO100 0.0 9.71E €2 9.71F 02 9. TIE N2 9,71E 02 9,715 02 ©,71F 02
RUICA  N,0 5.56F C1 5.56F C1 5.56FE 01 5.56E Ol S5.56F 01 5.56F 01
RUIOL 0.0 7.76E 02 T.76F 02 T.76E 02 7.T6E 02 T.T6E 02 T.T6E 02
RU102 0.0 7.68E 02 7.6B8E C2 T.68F 02 T.68E 02 T.68F N2 7.68E 02
RUIC3  £,0 7.95E 00 2.78E ON 6.45E-02 0.0 0.0 0.0
RH102 (.0 1,84E 02 3.89F 02 3.92F 02 3.92E 02 3.92€ 02 2.92F 02
RUI0OZ 0.0 5.38E 02 5.38F 02 5.38F 02 5.38E N2 5.38F 02 5.38F 02
PDICG 0.0 2.46F €2 2,46E 02 2.46E N2 2.66E 02 2.45F 02 2.46F 32
PN10S 0.0 2.94F 02 2.94FE 02 2.94E 02 2.94F 02 2.94F 02 2.94F 02
RUI06 0.0 1.37€ 02 1.22€ 02 8.12F 01 1.64E-01 0.0 0.0
PDICE 0.0 2,12F 02 3,26E 02 3,67 02 4.48F N2 4.48F 02 &4,48F (2
PDIOT 0.0 2.36F 02 2.36F 02 2.36F 02 2.36€ 02 2.36E 02 2.36F 02
PDI08 0.0 1.56F 02 1.56FE 02 1.56F 02 1.56€ 02 1.56F 02 1.56E 02
AGINOe 0.0 6.00F D1 6.00F Gl 6.00F 01 6.,00E A1 6.00E N1 6,00€ 01
PD110 0.0 3.26F 01 3.26E 01 3,26F 01 3.36F 01 3.36F CJ 3.36E Ol
CDI10 0.0 4.,10F 01 4,10F 01 4.11E 01 4.,11E 01 4.11F 01 4.11F O1
€o111 c.0 1.71E C1 1.71F 01 1.71F 01 1,71€ 01 1.71F £1 1.71f O}
cn112 0.0 9.17E €O 9.17€ 00 9.17€ 00 9.17F CO 9.17F 00 9.17€ 00
CD114 0.0 1.22F 01 1.22E 01 1.22€ 01 1.22E 01 1.22E 01 1.22F 01
INI15 0,0 1.27E €0 1.20E CO 1.20F 0C 1.20E 00 1.20E 00 1.20€ 00
CO116 0.0 3.78E 00 3.78E 00 3.78F 00 3.78E 00 3.78E 00 3.78F 00
SN116 0.0 2.6TE 00 2.67E 00 2.67F 00 2.67E 0N 2.67E H0 2.67¢ 00
SN117 0.0 3.94E 00 3,94E OC 3.94F OC 3.94E 00 3.94E 00 3.94E 00
SN118 0.0 4.02E 00 4.02E 00 4. C2E 00 4.02E 00 4.02E 00 4.02€ 00
SN119 0.0 4.16E 00 4+16E 00 4.17E 00 4.17F 00 4.17€ 00 4.17€ 0O
SNI20 9.0 4.35E DO 4.35E 00 4.35E GO0 4.35E 00 4.35F 20 6.35E OO
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Table 3.7 (Continued)

DTABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 90 DAYS)
POWER= 30.00 MW/MT, BURNUP= 33C00, MWD/MT, FLUX= 2.91F 13 N/CM*#2-SEC

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR

CHARGF 90.0D 150.D 365.0D 3652.0 36525.D 365250.D
sB121 o0.¢€ 4,54F 00 4.54F 00 4.54F 00 4.54F 00 4.54F DO 4.54F 00
SN122 0,0 5.10f 00 5,10 OC 5,106 00 5.10E 00 %.10F OO0 5.10F 2D
$B123 0.0 5.45E 00O 5.47E 00 S,50FE OC 5,51€ 00 5,51 22 5,51€ 00
SN124 0.0 7.62E 00 7.62E 00 7.62F 00 7.62F 00 7.62FE 00 7.62F 00
$8125 0.0 B8.N0F 00 7.67E 00 6.,59F 00 6.54E-01 6,03F-11 0.0
TE125 C.0 3.25E €D 3.58E 00 4,.68E 0D 1.08F 01 1,.14E 01 1.14E 01
SN126 0.0 1.94F 01 1,94FE 01 1,S4E 01 1.94F 01 1.94F 01 1.93F 01
1127 0.0 3.90€ 01 3,93F 01 3.,98FE 0! 3,99F 01 3,99F 0! 3,99€¢ 01
TF128 ¢,0 1.34F 02 1.34F 02 1,34F 02 1.34E 02 1.34F 02 1.34F 02
XE1282 0,0 2.982 C0 2.98¢ 00 2.98F 0C 2.98E 00 2.98F 0C 2.98E 00
1129 0.0 2.32E 02 2.33E 02 2.33F 02 2.33€ 02 2.33% 02 2.,33E 02
TE130 0.0 4e26E 02 6,268 02 4,26F 02 4.,26F 02 4,26F 02 4.,26F D2
XEL3n 2,0 1.07€ 01 1.07¢ 01 1,07 01 1.C7F€ 01 1.07€ 01 1,07E 01
XF131 0,0 4,09 02 4,09 02 4.09E 02 4.09F 02 4.09F 02 4.09F 02
XE132 n,0 1.15€ 03 1.15F 03 1,15 723 1,15E 03 1.15€E 22 1,15F 03
Cs123 o,¢ 1.01€ ¢3 1,01F 03 1,01 03 1,01F 03 1.01f 03 1,01E 03
X€134 0.0 1.53 03 1.5%3F 03 1,538 03 1,53E 03 1.53F 03 1,53F 03
CS124 C.n 1.73F G2 1.64E 02 1,24F (2 6,40F 00 3,98E-13 0.0
gAl134 Nn,0 B,40F C1 9.33F 01 1.22F 02 2,51F 02 2,57F 02 2.STE 02
CS135 0.0 3.26€ 02 3.26FE 02 3,26F 02 3.,26F 02 2,26F 02 3.26F 02
XF136 0.0 2.32F 03 2.32F 03 2,328 (02 2.32E 03 2.32F 02 2,.32E C3
BAY36 NG 2.57E 01 2.57€ 01 2,57 21 2.57F 01 2.57% 01 2.57E 01
€sS127 0.0 1.23F 03 1.22F 03 1.21F 03 9,81F 02 1,23F 02 1.,14F-07
BA137 0.0 5.01F 01 5.48F 01 7.13F €1 2.98F N2 1.16F 02 1,28F (3
BAl128 N0 1.21€ ©3 1.21F 23 1,21F 73 1.21€ 03 1,21F 03 1,21F 03
LAY2e 0,0 1.27F 03 1,278 03 1,27 03 1.,27F 03 1.27F 03 1.,27€ 03
CE140 0.0 1,46E 03 1.46FE C3 1,46F 03 1.,46F 03 1,46F 03 1,46F 03
CFl41 N6 7,158 0N 1,98F 00 1,99E-N2 0,0 0.0 2.0
PR141 0.0 1,198 03 1.20F 03 1.,20F 03 1.20F 03 1.20F 02 1,20F 03
CEl42 0.0 1.18F 03 1.18E 02 1,12F 03 1,.18E 03 1.18E 03 1,.18E 03
ND1&?2 0,0 2.08E 01 2.C8F 01 2.08F £1 2.08F N1 2.08% 01 2.08E 01
ND143 0.0 8.08F 02 8.08F 02 R.(CRF C2 R2,08F 02 A,08F 02 RA,.,08E Q2
CEY44 0.0 2.79F 02 2.41F 02 1.43F 02 4.68€-02 0.0 0.0C
ND14s .0 1.06E 03 1,10E 03 1.,20F 3 1,34F 73 1,.,34F 03 1,34F 33
ND145 0.0 T.D8E 02 T7.06F 02 T.06E 02 T7.06F 02 7.06FE 02 7.08F 02
ND14% 0.0 7.11 02 7.11E €2 7.11F 02 7.,11F 02 7.11Ff 02 7.11E 02
PM147 O,0 1.12F ©2 1.07E £2 Q9,16F 01 8,47FE 20 3,84KE-1C 0,0
SM147 0.0 5.99E 01 6.46E 01 8,01F 01 1,62F 02 1,72F 02 1.72F G2
ND148 0.0 2,78F 02 3.78F 02 3.7RE 02 2,78F 02 3,.78E5 02 3.78F 02
SM14g 0,0 2.51€ 02 2.51F D2 2.,51E Q2 2.51F 02 2.51F D2 2.51€ 32
SM1a9 0.0 5.19€ 00 6.19F 00 €.19F 0C 6.19F 00 6.19F 00 6.19F 00
ND1SC 0.0 1.83F €2 1.83E 02 1.8 02 1.83€ N2 1,.83E 02 1,83FE 02
SMI&n .0 2,156 02 3,15 N2 3,155 02 3,15F 22 3,15E 2 3.18F C2
SM151 0.0 4.23F 01 4.23F 01 4,21F 01 2,92E 01 1.91F D1 1,.,47E-02
SM152 0.0 9,20F Q1 9,20F 0! 9,20F C! 9,20F 01 9.21F 01 9,21F C1
EUls3  ~.0 1.20F €2 1,30 02 1,3CE £2 1.30F 22 1.,30F 72 1.30E C2
SM154 0.0 2,708 01 3.70F 01 2,70F 0! 3,70€F 01 3,70F 0! 3,70F 01
EYIs4  C.O 4,738 Q1 4,70% 01 4,585 Q) 3,10F Q1 6,.29F~-01 7.28E-18
GD1S&4 1,0 2.22F NO 2,585F GO 3.74F €N 1,85F D1 4.89F DY 4,96F Q1
EU1sS 0.0 S.32F 00 5.,00F 00 3,99F 00 1.,27FE-01 1.376~16 0.0
GN1Ss 0.0 R.,45F 01 R,45F 01 B.45F 01 8,45F 01 8,45F D1 8,45F 01
GND1SR 0,0 1.33F Q1 1.33E 21 1.33F 01 1,33 01 1.32F 1 1.33F 01
TB159 0.0 1.776 00 1,778 00 1,77 00 1.77E 00 1.77F CC 1.77F 00
SUBTOT 0.0 3,51F 04 3,51F 04 3,51F 04 3,51F 04 3,50F 04 3,50FE 04

TOTALS Q.0 3.51F 4 2,51F €4 3,51F C4 3,51F 24 3,51F 04 3,51F Q4
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Total Masses of Significant Fission Product Elements Calcu-
lated to Be Present in Spent Diablo Canyon Heference LWR Fuel and in
the Wastes Generated by the Reprocessing of This Fuel

NIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 93C DAYS)

POWFR= 20,r" MW/MT, BURNUP= 320002, MWD/MT, FLUX=
ELEMFNY CONCENTRATIONS, GRAMS / METRIC TON FUEL CHA
CHARGF 90.D 150.0 365.0 3652.D
H G Te2NE=02 TJVILE=02 £,9CE-02 4.,16£-02
GA 0.C 1.04E-19 0.0 0.0 0.0
GF c.n 3,79F=01 2,79E-01 2, 79E-01 3.79F-01
AS e R.78E-02 A, 7RE-02 8.TRE=02 8,TAE-N2
SF 9.0 S.20F 01 5.20E 01 5.20E 01 5.20% 01
BR 0.0 1.51E 01 1,51 01 1.51F 01 1.51F 01
RB Con 2,27 02 3,323F 02 2,34F 0?2 3,46EF 02
SR c.0 0,028 02 8,96% 02 R,8%F 02 7.78F 02
Y nLG G,T1E 02 4,68BF 02 4,65F (2 4,65F 02
ZR T .66 B3 3,66F 02 2,68F 03 3,77F 02
NB 0.0 2228 01 1.,32F (01 1,51F 00 3.93E-03
MO 0.0 2,42 03 3,44F D2 3,46F N3 3,47E 023
TC fer R,26F 02 R,ISE N2 8,.,35F N2 R,35E 02
RU 0.0 2.28F 03 2,25F 03 2,225 03 2,14F 02
RH N.0 ALRLE 02 2L,89F N2 2,92F 72 3,92F 02
PD U 1.285 €3 1,298 02 1,32€ 02 1.41F 23
AG c.n” 6.01E 01 £.01F 01 6.01F 01 6,00F O1
coH 0.0 8,25F (01 R,IS5E 01 R,26F 01 8,36F 21
IN N0 1,208 0O 1,20F 20 1.,20F 00 1,20E o0
SN 0.0 5.15F 01 EL,15F 0} S,18F (¢1 5,15F 01
SR D.0 1.8C08 €1 1,77 QO] 1.66F C1 1,07 O1
TF AL B.6AE 02 5,68E N2 §,66F €2 5,72F 02
I 0.0 2.71F 02 2,72E 02 2.73E 02 2.72E 02
XF c.n S.42E 03 R,42F 02 5,42F 02 5,642F N2
CsS AP 2.746F Q3 2,728 03 2,68E N2 2 ,32F 3
84 C.0 1.376 03 1.29F 023 1,42F £2 1.79E 03
LA 0.0 1.2768 03 1.27F 03 1,27F 02 1,27€ 02
rr ol 2.92F 3 2.,88F 2 2.78F 02 2.64F N3
PR 0.0 1.198 02 1,208 03 1,20F €2 1,20F 02
ND 2.0 2,87E 03 2,01F 02 4,0CF 02 4.15F N3
PM Tel? 1,128 02 1.,0TE 02 Q,16F {1 8,47E N0
SM "W 0 A,03F 02 8.,08E 02 8.23F 02 9.04FE 02
FU 0.0 1.82E 02 1,.82F C2 1,8B0F 02 1.64F 02
GO LA S 1.028 02 1.03E 02 1,058 £2 1,22F N2
T8 f N 1.R2E 70 1.80F 00 1,7RE CC 1.77F OO
Dy 0.0 9,93E-01 1.22E 0C 1.C7E 0O 1.12F 0O
HO N0 B LQAF=02 AL49C-02 B, 4Q9FE=02 8],408=02
ER e 2.79E-02 2,79F~-72 2,.79E-02 2.,79F=02
TOTALS 0.0 3.51€ 04 2,51F 04 2,51F 04 3,51F D&

2.91F 13 N/CMx%22-SEC

RGED
35525.D
2.61E=-04
0.0
3,79E~01
8.7T8E-02
5,20F O
1,51 01
3,45F 02
3.625 02
3,97 02
4,65F N2
4,15 03
3 48F-02
3.,47F N2
8.35€ 02
2.14F D2
3,92 02
1.41F 03
6.00F 01
R,36F 31
1,20F nr
5,15 21
1.00F M
S.,72F N2
2.72F (2
S.42F Q2
1.46F 23

2.65E 02

1.27% 03
2.64F 02
1.20F 02
4.15F 03
3,86F-10
3.92F 02
1.54F 02
1.54F 92
1.77€ 0C
1.12F 00
2.,79€~-02

3.51F 04

TO REACTOR

365250.0
D.n

0.0

3,79€E-01
8,7BE~0?2
5.19F Q1
1.51€ 01
3,45F 02
3,&2F 02
3,51F 02
4,65F 02
4,20F 03
3,40E-01
3.4TF (3
8.22F 02
2.14F 032
3.,92€ {2
1.41F 03
&.00F U1
8.,36F J1
1.2°E 0
5.14F 01
1.02€ 21
5.T2F C2
2.73F (2
5,42F 03
1,24F 33
2.77F 03
1.27F 03
2.64F 03
1.20F 03
4,158 03
e

8,73E 02
1.72€ 02
1.54F 52
1.77¢ ©O
1.12F 00
8.40F=032
2 .B0E=-02

3.51F 04
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Table 3.9. Calculated Radiocactivity Levels of Significant Fission
Product Nuclides Present in Spent Diablo Canyon Reference LWR Fuel
and in the Wastes Generated by the Reprocessing of This Fuel

DIABLD CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 90 DAYS)
POWER= 20.00 MW/MT, BURNUP= 3200C, MWD/MT, FLUX= 2.91FE 13 N/CM**2-SEC

NUCLIDE RADIOACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 90.D 159%.D 36%.0 3652.0 36525.0 265253.D

H 2 C,0 6.,98E 02 6,92F 02 6.69E 02 4.03F 02 2,53E 0C 0.0
KR 8% 0.0 1.13E 04 1.12FE 04 1.CBE 04 6.05F 02 1.83F 0! C.C
RBR f6 0,0 1.72€ 01 1.85€E 00 6.,49E-04 0.0 N.0 0.0
SR 89 (.r 2.14F €5 9,60F 24 5,47 03 5.12E-16 2.7 0.0
SR 9C 0.0 T.69E 04 T.66F C4 T.55F 04 5,04E 04 6.56F 03 1.50FE-06

Y 90 (C.0 TROE 04 T.66E 04 T.55E 04 £.05F D4 6.,57F 02 1,50E-D6

Yy e1 0.0 3.22€ £5 1,59E 0% 1,26F (4 1.88E-13 2.2 0.0

IR 92 0,0 1.88E 00 1.8RF 00 1.R8F 00 1.88F 00 1.88FE 0C 1,.,88F 00
IR 95 0.0 5.24E 05 2,74E 0% 2, 79E 04 1,.68£-11 0.0 0.0
N8B Q5M (.0 1.11F N4 5.86FE D3 5,928 02 3,56E-12 2.0 pLo
NB 85 0.0 8.69F (05 5,18 05 S5,93E 04 1,89E-05 0.0 0.C
TC 92 0.0 1.42F 01 1.42F 01 1.42F 01 1,42F 01 1.42F 01 1.42F 0O1
RUIC3 N.0 2.55E 05 B8,91F 04 2,07E 03 N0 N0 c.r
RH102M 0.0 2.55F 0% 8,91F D& 2,07 03 0.0 0.0 0.0
RYle6 €,0 4,59 05 4.10€ 05 2.72F 08 S5.50F 02 0.0 c.0
RHIDE 0,0 4,59F £5 4,1NE 05 2,73E €8 G§,80F 02 (.0 .G
AGI1IOM 0.0 3.08F 02 2.61F 02 1.45E C2 1.7RE~02 0.0 Cc.C
AG11Q  O0.C 4.,01F 01 2.40F 01 1.89F 01 2.315-02 0.0 0.0
CRIISM C .0 1,175 02 4,472F N1 1,309F CC 0.0 2.0 L.r
SN11oM 7.0 1,29 01 1.09F 01 6,02E CC 6.,62E~04 0.0 0.0
SNI23M 0,0 S.11F 02 2,866F 02 1.11F 02 1.35F-06 0.0 0.0
SB124 0.0 1.73F 02 B,63F ) 7,2CE D0 2,33FE-16 2.7 nL.e
SN125 ¢,0 1.672 01 2.00E-01 2. £1E-0f 0.0 0.0 0.0
Sp12% 0,0 R,48F C3 B,13F 03 £,99F 03 4.93E D2 6.29F-08 0.0
TELI2EM 2.0 2,32 N3 3,288 03 2,.89F 03 2,878 02 2,65E-08 0.C
TE127M .0 Q,N4E €3 B,18F €3 1,578 £©2 1,22€E~06 0.0 C.0C
TE127 0.0 8,94E 03 6.,11FE 03 1,56F €3 1.30F-06 0.0 0.0
TE129M 0.0 2.27E €4 6.,69F 032 8,268 N1 1,0 N0 2.C
TEI20 .0 VT446F N4 4,29 73 §,36F 01 2,0 0.0 c.C

1121 C.0 3.81F 02 2.17¢ 0C 1,Q8E-08 1,0 0.0 C.0
YEYI2IM (.0 1.06F 02 2.27E CC 1.08E-25 1.0 0.3 DL0
CS134 1,0 2.258 0% 2.13€ N5 1,75 0F 8,33E 03 5,18E-1C 0.0
Cs13e 0.0 5.10F 02 2.08F 01 2,1RE-04 0.0 0.0 0.0
cs137  o.¢C 1.076 05 1.06F 05 1.05E 0% 8.%53F D4 1,07FE D4 9,93E~06
BAI2TM (.0 2,2QF 4 9,94F N4 9,82F N4 T7.,98F 04 9,37E NP3 Q,29F=06
BAI40  C.0 1.11F 04 4,30E 02 3,78€-03 9.0 0.0 0.0
LAY4C 2.0 1.28F 04 4,95F 02 9,75F 01 0.0 0.0 .0
CE141 7.0 2.08€ 05 S5,67E N4 S,TCE 02 0.0 2.0 C.C
PR142 n,0 1.44F 04 6.94F 02 1.21E-02 0.0 0.0 0.0
Crl44 0,0 8,925 05 7.70E 05 4,56E 05 1,5C0F 02 0.0 C.C
PRI1L4 5,0 8,92 05 T,T2E "6 &4 ,56FE 05 1,50F 02 N0 Cal
ND147 0.0 2.16F 03 5,108 01 7.54E~05 0.0 0.0 0.0
PMILT CL.O 1.04F 05 9.94E 04 2,51F 04 T7,87F 03 3,59E~07 .0
PM14RM (.0 1.M6E 03 3,92F 02 1,13 71 N0 D0 0.0
PMiaf (.0 8.R2E 01 2.18F 01 9,(7e-01 0.C 0.0 0.0
SM151 0.0 1,15 02 1,15F 02 1,15 02 1.07F 03 5,21 0?2 4.00F-01
EYLs2  r.o 1.16F 21 14158 71 1,11F €1 6.59E N0 3,64FE-02 N0
60152 0.0 2.66F D1 2.24F 01 1.21F 01 9.855-04 0.0 0.0
cUl1sS4 0.0 65.RTE 03 5.82F 03 6,65F 02 4,50F N2 9,12E 21 1.M6E-15
EU1GE N0 6.TO9F N3 £,27F 03 5,N9E 03 1,62F 02 1,.75F=-13 0.0
FUIEE 0.0 3,51 C3 2.19F 02 1.086F-02 0.0 0.0 0.0
T8YA2 0.0 S.34F 02 3,00F 02 3.80F Q1 7.59E=132 0.7 Dae
GMaA2 1.0 1.8AF N2 1,66E 02 1,115 N2 2,16%5-01 0N Tl
TR1A2M C.0 1.8KF 02 1,66F 02 1.11F 02 2.16F~01 0.0 c.0
SURTOT 2.0 5.,19E 06 4,39F 06 2,22F 06 2,17E 05 3.44F 06 1,65F 01}
TOTALS .0 6.19FE "6 4,39F (06 2,22F 06 3,175 N5 3,44F 06 2,07F 01



DIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES

POWER= 20,17 MW/MT,

ELEMENT RADIOACTIVITY,

H
GA
SF
KR
?R
SR

Y
IR
NB
MO
TC
RY
RH
AG
cp
IN
SN
S8
TE

I
XE
s
RA
LA
CF
PR
ND
PM
SM
EU
Gn
TR
DY
HC

Table 3.10.

CHARGF
A

C.O
CeD
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ot

» o . . [ 3 . . .
S e

TTIODMDIDLOODIODTIDO

e ® & o 2 % & 6 & o ° O & » & s v

QOO IDODIHODDIVOD IDWIOCO0IDODIODDMODND ™

ODMWMDIODNIIIO D

TOTALS 7.0

3-20

Calculated Radioactivity (Total) of Fission Product Elements
Present in Spent Diablo Canyon Reference LWR Fuel and in the Wastes
Generated by the Reprocessing of This Fuel

o’\.D
6.98F 2
3.20E-13
2,93£8-01
1,13F 04
1.728 01
2.90F 05
2,99 N5
S.24F 08
3,80F €S
2,2E-04
1.478 01
T.148 05
7,148 05
2,588 (€2
1.172 €2
T.19€-05
S.41F 02
8,655 03
S.RAF N4
2.,21F 02
1.178 02
2,228 08
1.11E 05
1.288 C¢
1.138 N6
Q.M6E 05K
2.15F 03
1.08F 08
1.15€ 23
1.72€ C4
2.13E 02
7218 02
1.11E-10
7.71E~CS

6. 19 0§

BURNUP =

180,D
£.92F 02
C.c
2,93F-11
1.12% T4
1.85F CC
1.738 8
2.358 75
2.75F OF%
S.24F 0OF
IQC?F-IF
1.,42F 01}
4.,393F ¢%
4,99F 0§
2.95F (2
L,44F (01
3.13E-015
2,788 02
8.22€ C3
2.565F 4
2,218 00
2.28F 0OC
BL2NFE N5
1.00fF 05
4.95F (2
8,27 €5
T.71F 0%
5.10F 01
Q.98F &
1.158 ¢2
1.34F 04
1.89€ n2
4.,66F C2
5+29€-16
T.71E-C5

4,29 06

3200C.

CURTES / MFTRIC TON

26540
&, 69F 02
C.0
2,927
Y., C8F 04
8.09F 04
2,81E 74
2. 79F 04
5.90E Q&
C.0
1.428 01
2. 15E 0S
2.75¢ 5
1.64F 02
1.42F 0OC
1.59E-06
1.18F 02
7.00F 02
6.16F £3
2.80E-02
1.08E-08
2.8CE 0%
Q. A2E 04
Q. 75E 01
4,56 0§
4.56F 05
7. 54E-0%
8.51¢ D4
1.15F 03
1.17F 04
1.22€ 02
1.49F 02
0.0
7. 71E=-0E

2.22F 06

MWD /MT,

{PROCESSED 90 DAYS)
FLUX= 2.91F 12 N/CM*%x2=-SEC

FUEL CHARGED TO REACTOR

2652.0
4,0%F 02
0.0
3,92€-01
6.05¢F 02
1.96E£=-05
B.4F D4
6.0SE "4
1.88€ 00
8.39E-01
0.
1.42F 01
5.50F 02
S.50F 02
2.01F-C?
2.72F=02
Don
5.53£~01
6.04F N2
2.87€ r2
1,80F-02
OIO
9.37E 24
7.98€ 04

7.87E 03
1.07F 03
4,67F (3
2.17E-0C1
2.16E-71
0.0

T.6TE-D5

.17 8

156258.D
2.53F 0OC
0.0
3,92E8-01
1.82E 0)
1.96E-05
A.56F D3
ASTE 2
1.88€ 0C
1.R7E O
2.0
1.42F D1

2,44E Q6

345253.D
0.0

C.0

2,89F-01
0.0

1.96F-05
1.535—'36
1,5%0FE-06
1.88F 00
1.88F 00

1,42F 01

v

0F=-01
6F-15

PSOMTmepD2ODDRO
WOOODODDODDO

3e-05

2.07F 01



Table 3.11.

3-21

Calculated Thermal Power of Significant Fission Product
Nuclides Present in Spent Diablo Canyon Reference LWR Fuel and in the
Wastes Generated by the Reprocessing of This Fuel

NIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSFED 90 DAYS)

36525.0
8.99E-NS
2.95€-02
0.0
0.0
8.56F 00
3,76€ 01
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FLUX= 2.91F 12 N/CMx¥2-SEC

36%8252.0
0.0
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e o o
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5 B Bow I oo o |
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DOODOODHOOTIOD
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OO LODD

E-08
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TE-04

D000 RODOOROODOOWOD

30E~18

PODDOD OO VODIODIDOODIOPNITOD

» 5 & & & & o o

s ODDOQ

2€-02

POWER=  20.70 MW/MT, BURNUP= 332000, MWD/MT,
NUCLIDF THERMAL POWER, WATTS / MFTRIC TON FUEL CHARGED TO REACTOR
CHARGE 90.0 150.D 26%5.D 3652.0
H 3 0.0 2.48F=N2 2,46F=02 2,3RF-02 1.43E-02
KR 8% C.r 1,82E 01 1.80E 01 1,73F 21 S,71F 00
RB BE& C,0 8.,08E-02 8,69F-02 3,05€~06 0.0
SR 89 (0,7 TAOE D2 3,45F 02 1,097 11 1.R4F-18
SR ¢ NN 1.,00F 22 9,98F N1 9,84F 01 7.88F 01
Y °¢ C.0 4,L0F 02 4,38FE 02 4.32% 02 2,46F 02
Y 91 0.0 1.23F 03 6,04F Q2 4,79F 01 7.15E-14%
IR °5 0,0 2,748 03 1,45F 02 1,46F N2 8,79E-14
NB ©8M 0,0 1.8F 01 8,178 €O 8,25E~01 6,96FE-16
NB 9% 0,0 4,178 03 2.,48F 03 2,€65E 02 9.05F-08
TC 99 N,n 9,62F=03 9,462F-N3 9,62E-03 9,62E-03
PYIC3 0,0 8,21% 02 2.91%F 02 6.75E 00 0.0
RHID2M 0,0 6,04 01 2,11E 01 4,.90E-01 0.0
RUICE 0,0 2.72E DY 2.43F N1 1.62E 01 2,26E-02
RH106 0.0 4,44F 03 3,96F 03 2,64F 03 5.21F 00
AG11OM 0.0 4,975 Q0 4,22 00 2.34F 00 2.87E~-C4
AGLIN 0,0 2e91E=01 2 ,47E-C1 1.37E-01 1.68E-05
AGY11 O©.0 2.22E=-02 9,07F~-05 2.12E-13 0.0
CD118M 0,0 4,75F-01 1.80E-01 5,64F-03 0.0
SNllam r,0 8,81F=03 B, 77E-03 2,18E-02 3,49F-07
SN122M 7,0 1.74F 00 1,255 OC 3., 79F=~0Y &4,FRQE-09
$B124 D.0 2.33F 00 1,17 00 9,73F=~02 3,15E-18
SNY28  CL0 1.71E=N1 1.216=03 1,58FE=~10 0,0
SB128 .0 2.84F 01 2,73F 0) 2.34F 01 2.33F 00
TET26M 0.0 2.R5F 00 2.82F 00 2.4BFE CC 2.47€-01
SR12&6 0.0 0,25F~N3 6,11E-C3 5,99E~03 5,99E~-N2
TE127M 2.0 4,99 0N 3,40F COC 8.68E~-01 7,25F-10
TE127 0.0 1.46% 01 9,95F CO 2.54E 00 2,12E-09
TF12eM 0.0 4,50F 01 1,.33F 1 1.45E-01 0.0
TEI29 C.0 €,298 01 1,56F 21 1,94E-01 2,0
1731 0.0 1.57F 00 8.94f-03 g.,1%¢-11 0.0
XE131M 0.0 1.03E-01 2.18E-02 1.05E=-08 0,0
€sS134 L0 2.36F N3 2,24E 3 1,92 23 A,T4F 21
€CS136 C.0 T7.R9F 00 3,22€-01 3,78E-06 0.C
€sS127 0.0 1.73E 02 1.72E 02 1.70F 02 1,.38F 02
BAI3TM (2.0 3,92 02 3,91€ N2 3,85F €2 3,13€ N2
B8A140 0.0 3.74F 01 1.45E 00 1.27E-05 0.0
LA140 0.0 2.12F 02 8,21€ 0OC 1,62F DC 0.0
CEl4]1 N0 4,26 02 1,12 £2 1,128 00 D0
PR1&3 0.0 3,13F 01 1,51F C0C 2.84E-0% 0.0
CEl44 0.0 T.R2E 02 6.76E 02 4,00F 02 1,31E-01
PR14L 1,0 6.,63F N3 §,73F 02 2,39E §3 1.11F 0O
ND147 0.0 6,058 00 1.,43F-01 2.11E-07 0.0
PM147 0.0 5,356 01 S.13F 01 4,39F 01 4,06F 0O
PM148BM 0,0 1.34F D1 4,98F OC 1.43E-01 0.0
PM148 0.0 7.21€=01 2.58E-01 7.42E-03 0.0
SM151 0,0 2.01F 00 2.01F OO0 2.00E 00 1.86E 00
Eul1s2 o,0 1.41F=-01 1,40E-01 1.35E-N1 8,.05E-02
GD153 0.0 3,83E-02 3,22F-02 1.76E-02 1.42E-06
EU1S4 0.0 6,44 01 6.39F 01 6,23€E 01 4,22 01
EUIS6 0.0 2,70 01 2.31E 0C 1.12E-04 0.0
78160 0.0 4,508 00 2,53E 00 2.20E-01 6.39E-15
GD162 (.0 6,34F=01 5,.66E-01 3,76€E-01 7.36E-D4
T8162M 0.0 1.25€ €0 1.11F 00 7.41F-01 1.45E-03
SUBTAOY 0.0 2.62F 04 1.93€ 04 1.0CF 04 1.03FE 03
TOTALS €O 2.62E 04 1.93F 04 1,.00E 04 1.03E 03

1.04E 02

1.,77E-02



Table 3.12.
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Calculated Thermal Power (Total) of Significant Fission
Product Elements Present in Spent Diablo Canyon Reference LWR Fuel and
in the Wastes Generated by the Reprocessing of This Fuel

NIARLO CANYON REFERFNCFEF LWR - WASTE DECAY TIMES (PROCESSED 9F

POWRER=

ELEMENT THFRMAL POWER,
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TOTALS

I, MW/MT,
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DDIODTIDIDIIONDIOMTDIOI 230200 TODHIOND 3HO

SV ID0 I IDODDO IO IMNDND IADAD
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QODDIIDDO
¢« 8 s s » s »
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2.74% 03
4,18% 03
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4.,50E 03
5,287 00
4,75E-01
2.‘85-C7
1.F5¢ €0
2.08F 01
1.208 02
1.57¢ €O
1.15F=-01
2.55¢ N3
4.20NF 02
2.12¢ 02
1.178E ¢3
6.66F 03
6.0%F 00
6.77F €1
2.718 00
1.07% 02
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S.75¢ 0N

BURNUP =

150.0
2,46FE-02
0.0
1.49FE~C 4
l.80F MY
R,69F=-073
4,45F 02
1.24E 02
1.,45F 02
2.49F 03
4.,59E-12
3.15F 02
3.98¢ M2
4,468 CO
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Q,5NE~-CA
1.26€ 0C
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45N 0
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2,92F 02
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S.ORE-O1
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Actinides. - Tables 3.13 through 3.2L present the calculated masses,
radiocactivity, and thermal power of important actinide isotopes (and
elements) present in discharged Diablo Canyon Reference LWR fuel, and in
the wastes generated by the reprocessing of this fuel. The concentrations
of many of the transuranium isotopes in the wastes depend on the efficiency
of uranium and plutonium recovery during reprocessing, as well as on the
decay time prior to reprocessing. In these calculations, we have assumed
that reprocessing is done 90 days after the fuel is discharged from the
reactor, and that 0.5% each of the uranium and the plutonium is lost to

the waste.

Cladding. - Tables 3.25 through 3.30 present the calculated masses,
radioactivity, and thermal power of activation products of the Zircaloy-l
cladding and Inconel spacers used in current IWR fuel assemblies. As can
be seen from Table 3,27, the calculated 95Zr—Nb activity predominates for
about the first half-year following discharge of the fuel from the reactor;
however, rather substantial contributions from 6000, 55Fe, and 63Ni prevail
thereafter. These latter nuclides are derived from the Inconel spacers.

In addition to the neutron-induced activities calculated here, experience
at Nuclear Fuel Services, Inc., indicates that about 0.1% of the plutonium
in the fuel can be associated with the cladding, presumably due to diffu-

sion while in the reactor.

3.3.2 Atomics International Reference Oxide LMFBR

In all of the calculations for the AT Reference Oxide IMFBR given
below, we have assumed that the core and blankets are mixed for reprocess-
ing in the same proportions as they are discharged from the reactor;
consequently, the calculations are based on one metric ton of uranium-
plus-plutonium charged to the reactor in the mixed core and blankets.
Reprocessing is assumed to begin 30 days after the fuel is discharged

from the reactor,

Fission Products. - Tables 3.31 through 3.36 present the calculated

masses, radioactivity, and thermal power of significant fission products

in the spent fuel and in the waste that is generated during the processing
of the latter. Tables 3.31, 3.33, and 3.35 give the weight, radioactivity,



POWER=

NUCLIOE CONCENTRATIONS,

TH228
TH2?29
TH230
TH231
TH222
TH2123
PA23]
PA232
PA232
PA234M
PA234
U232
U223
U234
u22s
U236
U237
U238
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NP23R
NP239
PU23¢
PU2Z238
pPy23a
PU240
PY241
PU24?2
PU243
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Table 3.13.

2NLC0 MW/MT, BURNUP=
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3-2l

Masses of Important Actinide Isotopes Calculated to Be
Present in Spent Diablo Canyon Reference LWR Fuel

DIABLO CANYON REFERENCE LWR - FUEL DECAY TIMES

DISCHARGE
8.958E-07
$.88c-08
5.40E-06
8,93€E~C9
2.19E-C4
4,66E-10
2.02E-06
3.26E~-09
7.58F=-07
30675'14
2.92E-10
1.74E-04
1.73E=-03
1.99E 0
7.95€ 03
4.0.88 03
1.79€ €1

9.42E 05
S.50E-01
7.53E-C6
T.44E 02
2.80F 00
7.91E 1
1.04E-03
1.60F 02
S.3NE 3
2.17€ 03
1.035 03
3.49E 02
1.36E’01
3.96E Q1
4,1 4E-C)
£.85E-02
°.03F 01
4,28F-03
R,4QF CO
8,80F~-02
2,128 1

SusTOY !.“LE "6 9,65F 0§
TOTALS 1.00F 096 Q.65E 05

Table 3.1k.

9n.0
!. 027F-06
6.06F-08
6.80E-06
3,22E-10
2.48E-04
0.0
2.03E-06
0.0
T.73E-08
0.0
0.0
2.335-04
1.73€-03
2.21E 00
T7.95€ 02
4.08E 03
1.64E-03
9.43F 05
0.0
C.0
T.62F 02
3.,52E-12
7.48E=-05
°,R82F-04
1.65E 02
5.38E 23
2.17F 03
1.01E 03
3.49E D2
0.0
£.20F Q1
QOIQE-Cl
4,97E=-06
9.04F 01}
N,
5.83F 00
8.76E=-02
2L.,09F8 01
9.65E 05

9.65E 0%

23000,

GRAMS / METRIC TON

127.D0
1.42€E-06
6.12E-08
T.31E-06
3.22€-10
2.5TE-04
0.0

7.95E 03
4,08 03
7. 55E~05
9.43E 05
c.0

c.n

7.62F 02
1.76€E-17
T.485-05
9.63F-04
1.566E 02
S.38E 02
2.17¢ 03
1.01F 03
3,49 N2
o.o

S.7E 0O}
4,14E~C1
44 9TE-DE
9.04€ 01
o.r

5.12E 0C
f,74E-02
3.08E 21
Q. 65 05

a,k5E 05

MWD/MT, FLUX= 2.91F 13 N/CM*%*2-SEC

FUEL CHARGED YO REACTOR

150.D
1.58E-06
5.188-08
7.84E-06
3.228-1D
2 . 675"04

4.,08F 03
3,47E-06
9.43% 0S5
2.0

N0

T.62F C2
8,82E-22
7.49E-N5
9.44F-04
1.66E 0?2
5.28E 03
2.17F 03
1.01E C3
3.,49F 2
C.0

6,18 01
4,14F="1
4.97€E-C6
9.04c 01
O‘G

4.52F 00
2,72€-02
3.07F 01
9.65F 05

9.65E 05

365.D
2.96E=08
6.61E-08
1.24E-05
3.22E~-12
3.36E-04

<

D9E-NB

1E-11

002 O

12E~-04
73E-03
3.17€ 0O
7.95F 02
4.08€F 03
8.94E-1¢
9.43F 0%
0.0

CL.0

T.62E 02
n.0

T.48E-05
8.,18E-C4
1.58€ 02
S.38F (3
2,17 02
9,.75€ 02
3,49F 02
0.0

Q,283F 01}
4,13E=-01
ACQSF—Oé
9,048 01
0.0

1.81€ OC
B.61E-02
3L.,3DE 01
9.65E 0%

9.65E 05

- NODNONO

*® o & ¢ s v s

1096.D
9-14E‘06
80065‘08
32.70E-Q5
2,22€-10
5.68E~-04
0.C
2.24F-06
0.C
6,89€E~19
O.F
0.0
60°2E‘04
1.73E-03
5.75E 00
7.95€ 03
4,08 03
O.o
9.43F 05
G.G
0.0
7.62E 02
n.0
T7.48F=-05
5.C03F-04
1.67E 32
5.38F 03
2.,17% 03
R,76E 02
3.49E 02
c.C
1.91€ 02
4.09e=-01
4.,91F-06
9.04% 01
20
B.1BE=-02
8.25£~02
2.78¢ ¢1
9.65E 05

9.65F 05

Total Masses of Important Actinide Elements Calculated to
Be Present in Spent Diablo Canyon Reference LWR Fuel

NIABLO CANYON REFERENCE LWR - FUEL DECAY TIMES

POWER=

ELEMENT CONCENTRATIONS,

TH
PA

U
NP
Py
AM
CM

TOTALS 1.00E 06 9.65F

30.00 MW/MT, BURNUP=

CHARGE

DISCHARGF
2e?26E=U4a
2.78F-06
9,55 €5
8.26F 02
°.,01£ 03
1.29E 2
3.98F 01

05

T.62E
Q,C8E

Q0.0
2e5A6E-04
2.11E-06
9,55 C*5
02
c3
n2
o1

05

1.44F
3.6RE

G.65E

33000,

12C.0D
2 o 66E"0“
2. 08BE-06
9, 5FF (5
7.62E 02
9. CRE 07
1.48E 02
3. 60E 01

C. 65 05

MWD/MT,
GRAMS / METRIC TON

FLUX= 2.91F 13 N/CM¥*%2-SEC

FUEL CHARGED TO REACTOR

150.D
2e¢ TTE=04
2.,06E-06
Q,55F 05
7.62E 02
3.,08E 02
1.52F D2
2,53E 01

9,65EF 05

365.D
3.,51E-04
2.09F’06
9.55F 15
T.52E 02
9.08¢% 02
1.84E D2
3,19 01

9.65€ 0F

1396.D
6.15E-04
2.,24FE=06
9.55E.05
7.62F 02
8.,95€ 03
2.82F 02
2.R0F 01

9.65E 05



Table 3.15.

3-25

Calculated Radioactivity Levels of Important Actinide
Isotopes Present in Spent Diablo Canyon Reference LWR Fuel

DIABLO CANYON REFERENCE LWR - FUEL DECAY TIMES

POWER= 20,00 MW/MT, BURNUP= 3300C. MWD/MT, FLUX= 2,91F 13 N/CM%%x2-SEC
NUCLIDE RADIOACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR
CHARGE  DISCHARGE 90.D 120.D 150.0 365.D 1096.D

TH228 0.0 T7.36E-04 1.05€6-03 1.,176-03 1,30F-03 2.43E-02 7,.51E-02
TH2?29 0.0 1.26F=08 1.30E-08 1,31E-08 1.22¢-28 1,41€-08 1,72E-08
TH230 0.0 1.98€6=07 1,32E-07 1,42E~07 1.,52F=07 2.41E-07 7.19F-07
TH231 0.0 4.T4F-03 1.70F-04 1,70E-04 1,.70FE~04 1,70F-04 1.70E-04
TH232 0.0 2,60F=11 2.71E-11 2,.82E-11 2,92€-11 3.67F=11 6.22E-11
TH223 3.0 1.70€=-92 6.0 c.0 D0 AR 0.0
PA23Y 0.0 9.60E-08 9,.69FE-08 9,72E-0B ©,75F-08 9,96F-08 1,.07E~-CQ7
PA222 Q.0 1.39€-03 ¢.0 0.0 0.0 0.0 0.0
PA223 2N 16502 1.59E-02 7,45E~04 3,49F-N4 1,52F=06 1.41E-14
PA234M 0.0 2.52E-05 0.0 0.0 0.0 0.9 0.0

uz232 2.0 2.72E-03 4,99F-03 5,4NE-N3 5,79F~-03 8,40FE=02 1,48F-(2
uz22 0.0 1.,645-05 1,64F-05 1,64E=05 1.,64E-05 1.64E205 1.64F=05
U234 0.0 1.17E-02 1.27E-02 Y.,43€-02 1,49F-02 1.96F=02 3,54F-02
U235  7.07 1,7GE=-N4 1. 7DE-C4 1,T70F=04 1,T0E=04 1,TOE=D0G 1,T0E-Q4
U236 0.0 2.59E~01 2,.59E-01 2,59E=-01 2,.59F~-01 2.59£=01 2.59F=0}
U237 0.0 1.29F 06 1.34F 02 6.16F 00 2.83E-01 7,30E~11 0.0

U238 3,22F=-71 3,14F-01 2,14E-01 3,14F=01 3,14E-01 3,14E=01 3,14F-(1
U229 0.0 1.84E 07 0.0 0.0 0.0 0.0 c.C
NP236 0.0 4,55 00 0.0 Q.0 0.0 0.0 0.0
NP237 0,.n 5425601 5,37E-01 6,37F-11 5,37E-71 5,37F-01 5,.37FE=0(1
NP238 2,0 7.32F 05 9.19E-08 4,.60E~12 2.31E-16 0.0 0.0
NP232 0.0 1.84F C7 1.74E €1 1.74% 01 1.74F 01 1.74F 01 1.74F Q1
PyY22&6 0.0 5.52E-01 £,226~-01 S.126=01 5,M2E-0) 4,35€E-0) 2,676-01
pPU23” 2.7 2.70FE 02 2,79%F 03 2.80F 02 2,R1E 03 2,.,84F 03 ?2,82F 03
PU239 0.0 3.25% 02 2,30F 02 2.30F 02 3.20F 02 3.30F 02 3,3CF 02
PU240 0.0 4,78F 22 &4,78F 0?2 4,T7BE N2 4,78F 002 &4,7BE N2 4,79E 02
PU24Y .0 1,17 £5 1.16F 05 1,18F 05 1,15F 05 1,11F 0F 1.00F 05
pPy242 9,0 1.36F D0 1.36F 00 1.36F 00 1.38F 00 1,36E 00 1.26F 00
PU242 0.0 2.82E 05 ©€.0 c.0 3.0 N.0 .0
AM241 0 1.28F 02 1.72E 02 1.86F 02 2.00F ©2 3.21FE 72 6,19F 02
AMZ42M 0,0 4,02E CO 4,02E 00 4,02F 0C 4,02F CO 4,01F 0C 3,.97E 00
AM242 0,0 5.55E 04 4,02F CO 4, C2E 0O 4.02FE 0D 4,01F 01 3,07FE §
AM242 N L0 1,745 N1 1.74E €1 1,74F 21 1,74F 91 1,.74E 01 1.74F 1
AM244 0.0 1.27F 05 0.0 0.0 0.0 0.0 0.0
CM242 0.0 2.81F N4 1.93F 04 1,.70F 04 1.,50F 04 5.00F 02 2,71F 02
CM242 70 4,088 00 4,036 00 4,02E 0C 4,018 00 2,96FE 20 2,79F 33
CM244 GO 2.53F 03 2,50F 02 2,49E 03 2,49F 03 2.43E 03 2,.25F 03
SUBTOT 3,23F-01 2.96E 07 1.42F 05 1,20E 05 1.36F 05 1,24E 0% 1,.07FE 05
TOTALS 2.23F-01 3,96FE 07 1,42F 05 1.39E 08 1,36FE 05 1,24F 058 1,07€ 05

Table 3.16. Calculated Radioactivity (Total) of Important Actinide
Elements Present in Spent Diablo Canyon Reference IWR Fuel

DIARLO CANYCN RETERENCE LWR - FUEL DECAY TIMES

POWER= 20,00 MW/MT, BURNUP= 2300C., MWD/MT, FLUX= 2.,91E 13 N/CM*%2-SE(C
FLEMENT RADIOACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 9.0 120.D 150.0 268,.D 10946,D
TH 2.0 2625E-02 1.226-03 1,34€~02 1 ,47E~03 2,50F-02 7,68F-03
PA 0.0 1.75FE~92 1.59E-02 7,45E~C4 3,49F=04 1,62F=0F 1,07F=037
U 2,22E=01 1,98F 07 1,35F €02 6,76F O 8.77E="1 4,01F-"1 6,245-021
NP C.0 1.91F €7 1.79E 01 1,.79F 01 1,79 01 1.79E 0! 1,79F Q1
PU 0.0 4,73 05 1,19E 0F 1.19F 0% 1.,18EF 05 1.188 0F 1,04F 35S
AM Do 1.93F 08 1,97F 02 24,128 N2 2.26E N2 3,26F (2 6,44F 22
M 0. 2,N6E 04 2.18F 04 1,99 04 1,.T74F N& B,43F 02 2,53F 03
TOTALS 2,236~=01 2,96F C7 1,42F 05 1.39F 05 1.36FE 05 1.24F 0% 1,07F 05



POWFR =

NUCLIDE THERMAL POWER,

TH22%8
TH2?29
TH230
TH2
TH222
TH222
PA2Y
PA22D
PA222
PA234M
PA234
U232
U232
U234
Uy23%
U236
U227
U228
yz3e
NP234
NP227
NP238
NP230
Py236
PU213R
pyz220
Py24n
PU241
PyY24?2
PU242
AM24)
AM242M
AM242
AM2 472
AM?244
CM242
CM242
CM244
SUBTOT

TOTALS

POWER=

ELEMENT THERMAL POWER,

TH
PA

U
NP
PU
AM
CM

TOTALS

Table 3.17.

20.00 MW/MT, BURNUP=

CHARGE

IO O
¢ o o o
(]

2O IO O D

3 B |

e ]

6E-05

DOODO P e DD

-
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=
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8,17F-02

jolf J84

Table 3,18,

20,00 MW/MT, BURNUP=

CHARGF

TE-03

0
n
f
0
n
n
0
8.

~ O DO=IO

7€-n3

3-26

Calculated Thermal Power of Important Actinide Isotopes
Present in Spent Diablo Canyon Reference LWR Fuel

NIABLO CANYON REFERENCE LWR - FUFL DECAY TIMES

WA
DISCHARGE
2+41E-08
3.80F=11
2.978=09
6£.54E-06
5.,80E-13
4,23FE-05
2.938-C9

4,62E=-06 C.

2,93E-75
1.,208-C7
5,R2E=06
10?FE'rL
4,T76E-C7
2,28E-14
4,73E=6
7.Cl1E-03

TYS /7 ME
Q3.0
2.43E=-05
2,Q92E=-1N
3, 73E-09
2+35F=07
60 S‘)E-l 3
C.0

2.96F-09
"

C.0

C.0

1.6CFE=04
4, THE=DT
3.93E-74
4,73FE-76
7.01E-03

2.97F 03 2.

T.95E=03
4,27E 04
1.28E-02
"‘If.".

2,76 03
5.45E C4
1.92E-02
2.95F C1
1.01 01
1.49F 01
4.87F €O
4,02E-02
E.01E 12
4.28% 00
1.15£-03
T.LNE C1
S.60E-0C1
4,038 02
1.04€ 03
1.48€E=-11
B.84F 01
1.07€ €5

1.07E €5

1,02 01
1.49F N1
4.81E CO
4,02F-02
Dar

S.73E CC
1.15e-03
5.37E-02
£.61F-01
C.0

T.11E 02
1.47F=-01
R,75F (1
0,28F N2

9.28E N2

2200C.

TRIC
122.0
2,.82£-0%
2, 06E-1r1
4,C1F~Q0
? +35E-07
6, R1E-13
0.0
2.57E=-0Q0
G.G
1. 89FE-06
0.0
L0
1.72€-04
4, TEE-07
4,12E-04
4, TIE-LE
7.015-03

4, TRE 00
4, C2E-02
N, n

€.21F CO
1.14E-02
S.37E-N2
5. €1E-01
0.0

&, 26E N2
1.47€-01
8, T2 01
8,43F 02

8.43F 02

MWD/MT,

150.D
4,25E=-05
4,M0F=1D
4.,31F-09
2.35F=07
7.04F=13
0'0
2,98F=09
:‘oﬂ
3.,85E~-Q7
N.0
s s
1 .88E=04
4, THE-DT
4,INF=N4
4.,73FE-"6
7.02€=-02
A NTE=N4
T7.95F=-N13
0.0
0.0
Y’“l'r,\
l1.18E-12
S.16E=02
1.758-1"2
9,20F 01
1.03 O
1.49F 01
4,764F 00
4.,02E=-02
n.".‘
he69E 00
l1.14E=-N2
5.36F=03
2.61F=01
OOO
5.51F 02
1.476-C1
3.70F 01
T7.A9F N2

T.69F Q2

2565.0
7.96F-0¢
4,27€-10
6.,80E-00
2 ,35E-07
83.837E-12

1.,576-12
T.A5E-(2

1.00F C1
1.,14€5-02
5.35€=-013
S.61€-01
0.0

2.2YE 02
1.656-C1
8.508 N
4,415 02

4.41F 02

FLUX= 2.91F 12 N/CM*%2-SEC

TON FUEL CHARGED TO REACTOR

1096.D
2+.46E~04
F.21F-12
2.03F=08
2 «35E-07
1.50F-12
0.0
2.,26F=-09
0L
2,58E-17
C.0
0.0
4,75E=04
4,THE-Q7
1.0028-23

4,15F 00
4.,02F=02
AR

2.07% 01
1.13€E-03
5.30E-03
S.618-01
0.0

9.98F 00
7.88%F 01
2.33E 22

2.23FE 02

Calculated Thermal Power of Important Actinide Elements
Present in Spent Diablo Canyon Reference IWR Fuel

DIABLO CANYON REFERENCE LWR - FUFL DECAY TIMES

7.30E-05
4,99E=05
4.67E C4
5.82E 04
6,20 02
4,82 02
1.12€ 03

1.07e 05

90.0D
3.45€E-05
4, D4E-DE
3,04E~01
S.16E-02
1.228 22
6,30€ 00
7.99€ 02

9.28t 02

332000,

120.D
3.85E-05
1, 89E=06
7. BRE-02
S.156E-02
1.22E 02
6. 78E 00
7.14£ 02

8,42€ Q2

MWD /MT,

150.D
4.285-08
1062E’02
5.16E-02
1.23€E 02
7.25€ 00
6.33E Q2

T.69€ 02

365.D
7.98€-05
6.,89E~-09
1.58€£-02
5,16E~02
1.24€ C2
1.06E 01
3,06E 02

4,41 N2

FLUX= 2.91E 13 N/CM*x*2-SEC

WATTS / METRIC TON FUEL CHARGED TO RFACTOR
DISCHARGE

1096.D
2.46E-04
3,26E-09
1.65E=-02
5.16E~-02
1.23E
2.12EF
f,89F

2433F



Table 3.19.

3-27

Masses of Actinide Isotopes Calculated to Be Present in
Wastes Generated by the Processing of Spent Diablo Canyon

Reference LWR Fuel

DIABLO CANYON REFERENCE LWR - WASTE DECAY TIMFS (PROCESSED SC DAYS)

POWER=

NUCLIDE CONCENTRATIONS,

TH22R
TH229
TH23C
TH23?
TH222
TH233
PA23]
PA232
PA22?
PA234M
PA234
u232
U222
uz3s
uz21s
U226
U237
U238
uz23e
NP236
NP237
NP238
NP22@
PU236
pU238
Py230
PU240
PU261
Py242
PU243
AM241
AM242M
AM242
AM242
AM244
CM242
CM243
CM244
SUBTOT

TOTALS

POWER=

CHARGE

.
[ ]

MOIDOMNODITIOOTINDDDIDDLZIODPDOWNAONIOOIDODIODDION
OTVTOODDODIOODDONDODIDODIPIODNOOIOODTIOIDOOO

*® 8 & 6 & & 2 & 9 B 6 & S O B O o P O 4 & & & & 6 8 8 ¢ € © 2 O s & ¢

OCE 06

1.C0E N6

Table 3.20.

Q0.0
1.27€-C6
6.,06F-08
6.80E-C6
3,22E-10
2.48F-04
'\ﬁlr‘
2.03FE-06

8.22E-06
4,72 03
2.0

0.0

T.62E €2
3.52F-13
T.48E-05
4,91E-C6
8.26E-C1
2.69F 01
1.¢8F 01
S.O0T7E °C
1.75 00
0.0

5.30E C1
4,145-01
4,97E-06
9.004E Q1
C.0

S.83E €O
8.76F=02
3,09 01
5.76€ 03

S5.76E C3

150.D
1.20€-06
6.06E-0R
6.8RE-NE
1.61E-12
2.48E-04
C.0
2.03F-06
0.0
1.,71e-08
0.0
OIO
1.35€E-06
8,70E-06
1.29€E-02
3.98¢ 01
2.04F 01
1.73€-08
4,T72E 03
0
0
T.62E D2
8.81E=22
T.48E-05
4.T2E-06
2.12€ CoO
2.69¢ 01
1.10E 01
S5.03E 00
1.75€ 0OC
0.0
5.308 01
4.,14E-01
4,97E-06
Q.04E 01
0.0
4,52E 00
B, T72E-D2
2,C7E 01
S. 76 03

0,
0.

S.T6E 032

33000.

GRAMS /7 METRIC TON

365.0
9,80E-07
6.06E-68
6 .B4E-DE
1.61E-12
2« 4RE-06
c.0
2.03F-06
« 0
1E-11

OO NO

ol

D O
.0
1 . qéE-Oé
8, 72E-0¢
2.92g-02
3.98£ (1
2.04F 01
4,47E-18
4,728 03
0

2E 02

O JdOO
foo e W o]

T.48E-0F%
4, 09E-N6
4, T6E OO
2. €E 01
1.17e M
4,878 QO
1.75¢ 00
0.0

5.31F C1
4.138-01
4,95E-06
9,04F 01
C.0

1.81F 00
80 61E-02
3.00E 01
5.T6E 03

S.T6E 03

MWD/MT,

FLUX= 2.91€ 13 N/CM%*2~SEC

FUEL CHARGED TO REACTOR

3652.D
1.58€-07
5.,09F-018
1.28£-05
1.61€-12
2.54E-04
2.0

2.04E=-06

2.N3E N1
3.N2F Q0
1.75€ 00
qlq

S.63EFE 21
2.96E-01
4.,T75E-06
9,033E 1
0.0

9.62E-0¢
T.NQE-02
2.12e 01
5.76E 03

5.76E 03

36525.D
6.,35E=-08
6.,376-18
Se.43€E-Ca
1.61E-12
2.06E-DL

2.48E-02
1.77¢ 00
0.0

5.00F C1
2.53E-01
3.15E-06
8.96F 01
0.0

6.32E-04
!.OIE"’Z
6.77E-C1
S.76E 02

S.76EF 03

Wastes Generated by the Processing of Spent Diablo Canyon
Reference LWR Fuel

DIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 9C DAYS}H

320.00 MW/MT, BURNUP=

ELEMENT CONCENTRATIONS,

IH
PA

U
NP
PU
AM
CM™

TOTALS

CHARGE
0
o
O0F 06
0
4
0
0

1.C0E 06

90.0
2.56E-C4
2.11E-06
4,78E 03
T.62E 02
4,54 N1
1.44F 02
3.68E 01

S.76E 03

33000.

MWD/MT,

365250.0D
10105‘11
9.00F-08
1.59€-02
1.64F-12
8.85E=-D4
2.C

2.37E-06

1.82FE 00
0.0

1.28€ 01
4,23€E-03
5.2D0E=-08
8.26F 01
0.0

IQOQE-OS
2.45€E-11
T.32F-16
5.76E 03

5.76€ 03

Masses of Actinide Elements Calculated to Be Present in

FLUX= 2,91E 13 N/CM**2-SEC

GRAMS / METRIC TON FUEL CHARGED TO REACTOR

150.0
2.56E-04
2.05E-06
4.78€E 03
7.62€E 02
4,69 01}
1.44E 02
2.,53E 01

5.T6E 03

365.0
2.56E-04
2.03€-06
4,78E 02
7,62 02
5. 0CE 01
1.44F 02
3.19E 01

5.T6E 03

3652.D0
2.67E-04
2.04E-06
4,78 032
7.62E 02
5.81€ 01
1.45€ 02
2.13% 01

5.76F 03

36525.D
8.49F-04
2 007E-06
4,78E 03
T7.70E 02
7.288 01
1.40E 02
6,88¢£-01

5.76€ 03

365250.D
1.67E~02
2.3T7€E-06
4,79F 03
8.06E D2
T.30€ 01
?,54F 01
1 oO‘tE‘OS

5.76E 03



POWER =

NUCLIDE RACIOACTIVITY,

TH2?28
TH229
TH230
TH231
TH232
TH2 2%
PA22]
PA222
PA223
PAZ34M
PAD34
Y232
U223
U234
u23s
u23e
U237
u23e
U?1°
NP2 24
NP237
NP212R
NP220
PU23&
PU239
PU?39
pPyU24r
PU241
PY242
PU242
AM241
AM242M
AM242
AM2472
AMD b
cM242
cM243
CMP 44
SURTOT

TOTALS

DIABLO CANYQON REFERFNCF LWR

POWER=

FLEMENT RADIDACTIVITY,

TH
PA

U
NP
Py
AM
M

TOTALS

Table 3.21.
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Wastes Generated by the Processing of Spent Diablo Canyon
Reference LWR Fuel

DIABLO CANYON REFERENCF LWR - WASTE DECAY TIMES (PROCESSED 9C DAYS)

AT .00 MW/MT, BURNUP=

CHARGF

DD D
o 6 0 o o o »
-

TO0

TE-04

TONDOO OO

?E-01

OODPANTIOAIONMDNDNODIDIODODIIDION

® & ® % 2 & e ° & 6 6 B o

20050 Ww

2w SRV TR BN JEG JE IENEIE o B o B B b JEES
PO MO O

e ® ® % 4 o 8 e © ¢ ¢ o & » s &

20
QDTN T YA

1 W2AF="Y

1.23g-01

Table 3.22.

90.0D
1,056=-03
1.20E-08
1.32€-07
2.71E-11

!oS?E‘O?
0.0

LA

S.37E-C1
Q,195-08
1,74 01
2.61E-03
1.29€ 01

1.658 00 1

2.39E (O
5.795 €2
6.,B1E-(13
70

1.72€
4,028
4.02F
1.74E
DL

1.92E
4.,03F
2.50F
2.26F

02
o

an
ks

ol

Na
00

23
D&

2.26F 04

150.D
S.R8E-04
1.30E~08

1.32E‘07 -

8,52E-07
2.718-11
QE~CR

9E-04

\Du)b’DO‘O

o.

e.
C,
3.
(\".
r'
2.9CE-05
B.24E-08
7.99E-C5

B,82E-07
1.2QE-0?

1.,42E-03 -

1.57E~-02
C.0

Co3

5.37e-01
2.30E-16
1.74E M
2.51E-02
2,57 01
«ASE '
2.43F 00
F.T4E 02
6.316-02
0.0

1.72E 02
4,328 DO
1,748 01}
C.n

1.5CE "4
4,51F 00
2449F (2
1.82F 24

1.83£ Q¢

33crr,

CURIES / METRIC TON

265,
+05F-04

6. NCE 02

2. 96F 0C
2.42F 03
Q,29E 032

9.729F 02

MWD/NT,

OO0
*

2 3 .

FLUX=

2.91E 13 N/CM*%2-SEC

Calculated Radiocactivity of Actinide Isotopes Present in

FUEL CHARGED TO REACTOR

3652.0
1.29E-04
1.30E-0R
2 «4QE-07
8.,53E~-nT
2.775=-11
0.0

.
-4
o
m
1
e
€0

4, 68‘ 00
3.44F 02
6.82E-03
0.0

1.76E 02
1.85F N0
8SE 0OC
1.74F 0O}
Nl

3.18E DO
3.26F 00
1.72¢€ 03
2.40E 73

2+40F C3

356525.D
5.21E-26
1.,36E-08
1,05€-0¢%
R.54E£-07
3.35€E-11

n

m
|
]

o

pE-0P

4

T
|

Q

OP IO N IWNArR VO IDODO
[$3) kS
m m
[} t
(o} >
[ ~N

& 6 ¢ @ & 6 6 & ¢ & ¢ 9 & 5 @ @

r-o\nC)O-JC)M:DAJm'ﬂiJL)o<Dq>O

~J
&N
m
]
b

.609-’4
5,195 01
1,708 00
B.87E CC
2.84F CC
6.92E-22
G.0
1.628 02
2.58E ©n
2.,85F 0C
1.72 01
0,7
2.09F 0C
4,64E=D1
5.49E 01
3.25€ 22

3.25F 02

Wastes Generated by the Processing of Spent Diablo Canyon
Reference LWR Fuel

kis

CHARGE
v .0

)
.

2,22F-01

;‘

o0
2

2,23F="1

o0 MW/MT, BURNUP=

N.D
1-59E'é3
€.,74F=-01
1.79F €1
EsQTF 2
1.97 ¢2
2.12F D4

2.26E (4

150.0
Q,89E-N4
3-49E'04
1.79 21
6.,14E 02
1.97¢ 02

33000,

CURIES / METRIC TON

265,.D
R NAE=04
1.61E-06
2, 00FE-02
1,78 01
L 41F 02
1.98F 072

MWD/MT,

1.74E
1.83F

G4 B,43F

4 Q,2aF

N2

o3

2.40F

365253.D
9,C7F=-39
1.93E-08
3.085-04
B8.T1E-07
9.68F-11

83.45F Ol
R.45E C1

Calculated Radioactivity of Actinide Elements Present in

~ WASTE DECAY TIMES (PROCESSED 3C DAYS)
FLUX= 2.91F 13 N/CM*%x2~SEC

FUEL CHARGED TO REACTOR

2652.D
1.31E-04
5.78E-03
1.79 M
4,52F 02
2.01F 02
1.728 03

c32

36528.N
6.,35E=-0F
9.85€-08
2.45E=-02
1.78% 01
6.5 M
1.84E 02
5.74E 01

3.,28F 07

268250.D
3.09E=-04
1.13€-07
4,65F-02
1.65E (1
1.04% 01
5.758 01
2. 4LHE-02

R.L5F (G
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Table 3.23., Calculated Thermal Power of Actinide Isotopes Present in
Wastes Generated by the Processing of Spent Diablo Canyon
Reference LWR Fuel

DIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED 99 DAYS)
POWER= 30.00 MW/MT, BURNUP= 33000. MWD/MT, FLUX= 2.91E 12 N/CM*%2-SEC

NUCLIDE THERMAL POWER, WATTS /7 METRIC TON FUEL CHARGED TO REACTOR
CHARGE 90.D 150.0 36%.0 3652.D 36525.D0 36525).0

TH22#8 3.43F-05 3,24E-C5 2, 64E-C5 4,24E~06 1.71E-06 2.97E~10

n.o
TH2?29 0.0 3,92€-10 3,92E-10 3,92E-10 3,.94F-10 4.12E-10 5,82E5-10
TH230 0,0 2.T7T3F=-09 3,.74E-09 2,75€E-09 T7.03F-09 2.9RE-D7 8.71E-06
TH231 0.0 235E-C7 1.18E-000 1,18E~-00 1,18E-N9 1,18E-D0 1,2)E-09
TH232 0.0 6.56F~13 6.,56FE-13 £6,57E-12 6,71E-~13 8,10F~13 2.34E-12
TH232 0.0 0.0 0.0 .0 0.0 0.0 0.0
PA?31 2.0 2.936E=09 2,96FE-09 2,G6E-09 2.96E-09 3.D1E-U0 3,45F-09
PA232 9.0 0.0 C.0 C.0 0.¢ 0.0 0.0
PA233 2,0 4.04E-06 P.85E-07 3,84E-09 0.C 0.0 0.0
PA234M 3,0 0.0 .0 r.0 0.0 0.7 nLr
PA234 0,0 0.0 0.0 C.0 0.0 0.0 c.cC
U232 0.0 2,01E-CT7 9,29E-07 1.3%E-06 3.,55E-06 1.63E~D6 2.83E-10
U233 o.M 2.3BE-09 2,40E-00 2,40E-0C 2,40DE=NTQ 2,60E=-N90 2,39F-09
U234 0.0 1.976~-06 2.30E-06 5,22E-06 8.07E-05 6.19F-C& 1,19E-03
U235 1.96F-05 2.376-C8 2.37E-0R 2.37E OR 2,37F-08 2.375-08 2.42E-08
u23s N0 2.51F=05 2,51E=-0F 2,51E=-CF 3.51E=-05 3.57E=C5 4,18E-05
U237 0.0 1.44F-03 3,04F-06 7.82E-16 0.0 0.0 0.C
U238 8,15F-03 3,98F-05 2,98F-0F% 3.9RE-05 3,98E-05 3,.98E-05 3.98F-05
u23e A0 0.0 f.0 0.n Do 0.0 G0
NP234 0,0 AR r.0 N.0 c.0 0.0 0.0
NP227 0.0 0.0 .0 c.C 0.0 0.0 .0
NP238 0.0 4.728-10 1,18E-128 2,0 T N0 C.C
NpP239 0,0 5.16E=02 5,16E=N2 S,16E=-N2 5,15E~-02 S5.11E-02 &4.71E-02
PU226  DL0 Q.09E-05 B,73E-0F T,57TE-0F R,48F~06 2.64E-15 (.0
PU228 D.0O 4.62F-01 1.18E 0 2,66FE 20 3,3R8F D0 1.72E B0 4,.16E-03
pU23e .0 5413602 S,13E=02 S,13€=-02 5,15F~-02 5,28E~02 6.45E-02
PU240 0.0 7.45E-02 7.59E-02 8.C6F-02 1.39F~01 2.76E-01 2.,56E-01
pU241 0.0 2 40E=02 2.3R8E-02 2.21E-02 1,43E-02 1,.18E-934 1,7T0E-25
PY242 0,0 2.01F-04 2,01E=04 2,01F=C4 2,01E=D4 2 ,D4E-(C6 2,09E-C4
py242 0.0 0.0 0.0 c.0 0.0 0.0 0.0
AM241 0.0 5.73E 00 5.73F CO S5.75E GC S.87E 00 S5.41F 00 1,29F D)
AM242M 2,0 1.156=-03 1,14E-03 1,14E-n2 1,10€E~-03 7,27E=~04 1.20E-C5
AM242 0,0 5.37E~C3 S.36E=-03 £,35€~-03 5,13E~03 3,41F-03 5,62F-05
AM243 0,0 5.61E-01 S5,61F=-01 5. €1E-01 5,60E~0)1 5.56E=D1 §,12F-01
AMP44L D0 1EF%) Lol c.0 C.0 N0 Gl
CM242 0.0 TeV1E €2 5.51F Q2 2.21F 02 1.17F~01 7.72F=-N2 1.27E-03
CM242  N.D 1.47F-01 1.47E=C1 1.45F-01 1.,19F~01 1.69F-02 5,79E-11
TM244 2,0 8.7 €1 B.T0E N1 8.5CE N1 A,N2E 01 1,92€ 22 2,07F-15

SUBTQAT 8,17F-02 R,0AF 02 £.46F 02 3,15F 02 7.06F 01 1.01F 01 2.27F QO
TOTALS 2.17F=C3 RL.OAFE 02 €.46F 02 2,15F 02 7.06E 01 1,018 Q1 2,27E CC
Table 3.2L;. Calculated Thermal Power of Actinide Elements Present in

Wastes Generated by the Processing of Spent Diablo Canyon
Reference ILWR Fuel

DIABLO CANYON REFERENCE LWR - WASTE DECAY TIMES (PROCESSED o0 DAYS)
POWER= 30,01 MW/MT, BURNUP= 22000, MWD/MT, FLUX= 2,91F 13 N/CM*%2~SEC

FLEMENT THFRMAL POWER, WATTS / METRIC TGN FUEL CHARGED TO RFACTOR

CHARGE A0.D 157.D 26%.D 2652.0 36525.D 365252.D

TH s 3,45F-05 2,24E=05 2,64F=05 4,25E-06 2,01E-06 B, T1E-D6
Pa C.0 4,04E=-06 B, RBF=C7 6,RCE=-NQ ?2,98E-09 3,01F~09 3,45E-(9
u 2,17E-03 1,.525-03 8,11F=-0% 8,¥4F-05 ],5G6E=04 6,97E~C4 1,27F=03

NP [ Se1AE=N2 E,16F=32 S,16E=02 5,15E-02 S§,11E=12 4,71F=0G2
PU 0.0 6.128-01 ,.¢3F 00 2.82F 00 3.%8E 00 2.05F 0C 3,25E-Q1
AM 0.0 £.20F CO £,30F 00 H.31F 00 6.43F 00 5.97¢ 0C 1.9CE CO
M NL0 7.9QF (2 6.399 02 2, 06F £2 £,05F 01 2,.01F 00 1,27E-03

TOTALS B.17E-03 R,06F 02 6,46F 02 3,15E 02 7.06% 01 1.01F 01 2.27¢ 00
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Table 3.25. Masses of Activation-Product Nuclides Calculated to Be
Present in the Zircaloy-4 Cladding and Inconel Spacers of
Irradiated Diablo Canyon Fuel Assemblies

DIABLO CANYON REFERENCE LWR -- CLADDING ACTIVATION
POWFR= 20,00 MW/MY, BURNUP= 3300C. MWD/MT, FLUX= 5.82E 13 N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 20.D 150.0 365.0 1096.0 10958.D
C 12 1.8CFE 01 1.80F C1 1.80F CY 1.8MF Q1 1,8NE 01 1.8NE 01 1.80FE 01
AL 27 1.08F 02 1.08F 02 1.08€ 02 1.CRE 02 1.08E 02 1.08E 02 1.08E 02
SI 28 1.,70F 01 1.71F 01 1.71E 01 1.71F 01 1,71F 01 1.,71F 01 1,71F O}
TI 46 1,40F 01 1.40FE N1 1.40F 01 1.40F 01 1,40F 01 1.40FE 01 1,.40F 01
TI 47 1.30F 01 1.30F 01 1.30F C1 1.30F 0! 1.30F 01 1.30F 01 1.30F 01
TI 48 1.,33E 02 1.31E 02 1.31F 02 1.31F 02 1.21% 02 1.31F 02 1.31F 02
TE 49 1.00F 01 1,186 01 1.186 21 1.18E C1 1.18%F 01 1.18€ 51 1.1RF D1
T1 57 1.0CE 0) 1.00F 01 1.00E O1 1.0CF Ol 1.00F €1 1,00E 01 1.00E 01
v 51 0.0 "7.19€ 00 7.47E CC 7.50F 00 7.51E 00 7.5 OC 7.51% 0O
CR 50 2,52E N2 2.458 02 2.45E 02 2.45F 02 2.,45F 02 2.,45FE 02 2.45E D2
CR 52 ?2.99E 03 2,98 3 2.9RE 02 2,9RE (03 2.9RE 03 2,98FE 03 2,98F 03
CR 53 3,40F C2 2.34F 02 3,34F €2 3,34F 02 2.324F 02 3,34E 02 3.34F 02
CR 54 B,5CE 01 9,58 N1 9,58¢ 01 9,58E 01 9,58F N1 9,58C D1 9,%58E 01
MN 55 1.,8CE 01 1,778 01 1.78F ©1 1.,78E 01 1,79E 01 1.82F 01 1,.,R5E Q1
FE 54 2,18F 02 2.17E 02 2.17F 02 2,176 02 2.,17E 02 2.,17E 07 2.,17F 02
FE S6 2,42F 03 3,40F 03 2,.4NF 03 3,40F D2 3,40F 03 3.,40F N2 3,40F 03
FE S§7 R,20F N1 Q,68F N1 9,68E 1 9,.68F N] 9,68F N1 9.,68F 01 9.68F 01}
FE 58 1.80F D1 2.09€ 01 2,.11F 01 2,11Ff Q1 2.12E Ol 2.12F 01 2.12F Q1
€O 59 S.40F 0} 4,83F 01 4.83F 0 4,83E () 4,83FE 01 4.,83FE 0] 4.83F 01}

co &0 D0 S.6TE (00 S5.48F 00 E,37F N0 4,97E 7O 3,82E 00 1.09F=-01
NI S8 £.49F 03 6.,43F 03 A,43FE 032 6.43F 02 5,43F 03 6,42F 02 6,43F Q3
NI 59 C.0 5.06FE C)1 5.,06E 01 5,06FE 01 5,.06F 01 S5,06F 01 5.06F D1

NI 6> 2.51FE 02 2,50F O3 2.,50F 03 2,85CFE 3 2,508 03 2,50E 02 2,5%F 03
NT A1 1,14F 02 1.25E 02 1.25F 02 1.25F 02 1.,25E 02 1.25F 02 1.25F 02
NI 52 3,5CF 02 3.41FE 02 2.41F 02 3.41F 02 3,41F 02 3.41F (2 3.41F 02
N1 62 .0 9.12E 20 9,10F 0OC 9,0890E QL 9,N5F NG 8,92F BN 7,278 (D
NT 64 1.03F 02 1.03F 02 1,03F 02 1.03F 02 1.03F 02 1.03% 02 1.03F 02
ZR 90 1.28F 0S5 1.28E 05 1.28F 05 1,28F 05 1.28F 05 1.28E 05 1.28F (05
IR Q1 2,79F N4 2,10NF C&4 2,10F N4 2,INFE ©4 2,10F G4 2,10F 4 2,10E 04
IR 92 4,2SF 04 4,95F Q& 4,95F 04 &4,95F 04 4,95F 04 &4 ,95F Q6 4,95FE Q04
IR 92 .0 3,97 Q) 3.97¢ 01 2,97F 01 3.97F 01 3.97¢f 01 2.,97F Q1
IR G4 4 ,32F 04 4,32F 04 4,328 T4 4,232F 04 4,32F 04 4,32F 4 4,32E $4
IR 96 $.,094F 03 £.9K8F 03 £.96F 03 H,06F 02 6.,96% 03 6.96F 0 6,95F 03
N8B 93 9,54F 02 9,52E 02 ©,52F 02 9.52F 02 9.52F 02 9.52F 02 9.52F 02
NB Q4 0,0 1.R32E 00 1,.,83F 00 1,.82F 00 1,82F AN 1,83 03 1,.83F 0§
MO 92 8,.,8CF 1 8,R0F 01 P.80F 0! R, E0F 0! 8.R0F Ol B.80F 01 B8.80F 01
MO 94 5,00F 01 S,00F 01 5,00F C! 5,00F 01 S.C0F Ol 5.,00E 0! 5.COF 01
MO 95 B8.8CF 01 P,RGE 01 9,M0F i1 Q,N4E 01 9.09€ N1 9,09E ) 9,N9F 1)
MO 96 ©,20'F 01 1,02F 22 1,22F 02 1.C2E 02 1.02E 02 1.02% 02 1.C2F 02
MO Q7 S.,30F N1 5.,29F 01 S5.29F C1 5.2°9F Cl 5.2°F 01 5,295 Q1 5,29% Q1
MO 98 1.,323F 02 1.32F 02 1.32F €2 1,.32E 02 1,325 72 1,32F 02 1,32F 02
MO10C  5,40F N1 §,27E 01 S.37F €1 S5.37F 1 5.37E 01 5.37F 01 5.37F 01
SN114 2,.8CFE N1 2.50F 01 2.50F 0 2.5CF C! 2.50F Q0! 2,5CF 01 2.80F 01
SN115 1,.3CF 01 1.30%f 01 1.30F C1 1.30CF 01 1.32E 01 1,3nF 01 1,20€ 31
SN116 5.43F 012 5,36F 02 5.36F 02 S.36F N2 S5.26F 72 5.,36F 02 5,36F (2
SN'17 ?2.89F 02 1.83F 02 1.83F 02 1.83F 02 1,R3F 02 1,83 02 1,83F Q2
SN118 9,12F 02 1,.03F C3 1.03FE 02 1.03F 03 1.03E 03 1.03F 02 1,N3F 03
SN119 2.,26E 02 2.09% 92 2.09E 02 2.009F 02 2.09E 02 2.09F 02 2.09% 02
SN1I20 1,25FE 03 1.36F 03 1.36FE 03 1.36F 03 1.36F 023 1.36F 02 1.36F 03
SN122 1.79F 02 1,795 €2 1.79€ 02 1.79€ €2 1,79F £2 1,79 02 1,79F G2
SN124 2.26€ 02 2.26F 02 2.26FE 02 2,26 02 2.26% 02 2.,26F D2 2.26F Q2
SUBTOT 2,71F 05 2.71E €5 2.71F 05 2.71F € 2,71F Q5 2,71t 0% ?2,71€ 05

TOTALS 2.71E 08 2,718 1S 2,71F NS 2,TIE ©5 2,71E N5 2,71F NE 2,.71F 65



RIABLG CANYON REFERENCE LWR
A0 L, O0 MW/MT, BURNUP=

POWER=

FLEMFNT CONCENTRATIONS,

H
HE
Lt
BE

nNOoO 29w

NE
NA
MG
AL
St

P

S
cL
AR

K
CA
SC
TI

v
ce
MN
FF
co
NI
cu
SR

Y
IR
NB
MO
TC
RU
co
SN
S8
TF

TOTALS

Table 3.26.

CHARGF

NG

C.C

LI
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m

01
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o
M.
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I RTHIOODIO I D®DO
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03
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n3

2.71F !
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Masses of Activation-Product Elements Calculated to Be
Present in the Zircaloy-li Cladding and Inconel Spacers of
Irradiated Diablo Canyon Fuel Assemblies

DISCHARGF
1.57F=~09
2.26€~02
4,4R0~09
3,26F-15%
1.55E~16
1.80F 01
1.42F-14
T.735=-12
T.14E~19
2,828~C9
2,328~-07
4,28BE~04
1.088 22
1.80F 01
4,27€~-08
6.685-12
3.52F-13
1,045-09
3.,49F-11
L 65E-04
1.40E~04
1.808 2
7,228 20
3,66€ 03
1.788 01
3.74F N3
5.43F 01
9.56F 03
2.T71E-01
1.97€-01
5.91£-03
2.49FE €5
9.55€ 02
5.68F 02
8.12E=21
2 46E-01
1.738-07
2,76E 3
80345‘01
2.,76E-02

2.7T1E 5

?0.D
1.54E-09
2.26E-02
4 ,4RE-DO
3,36E-005
2.10E-16
1.80F 01
1.,80E-14
T7.73E=-12
?0!45’10
2,82€-00¢
2.30E-10
4,39E-04
1.08F 02
1.20E O
4.075_09
7.13E-12
2,52E-13
1.04E-09
3.36F=-11
4.66E-C4
6.57F=-C%
1.89€ €2
7.51F OO
2,66E 03
1.78¢ 01
3.74E 13
5.39 01
9.54E 03
3,.,88g-01
1.96E=-01
1.14E-03
2.49E CS5
G.54E 02
R.69F 02
R,126-71
2.46F=01
1.69E-C7
3, THF 02
f.33€-01
2. 09€-02

2.T1F €5

33cee,

GRAMS / METRIC TON

150.0
1.528-0n9
2+ 26E=02
b, 4RE~00
3 2EE-NF
A.l&F-lé
1.8t O1
2.05E~14
T.73E-12
7.4E-10
3, 82E-09
2 +3CE-1C
4,30 =04
1.CRE 02
1.8CE 01
4.97E-08
7.13F-12
3.52E-12
1.C4F-09
3.36F-11
4o 66F=04
4,27E-08
1.8CF 02
T7.52E 0C
3.66E 02
1.78F /1
3.T74F 03
5.38E 01
9.56E 03
2,99F-(1
1.65E-01
5.63F-04
2+49F 05
0,548 02
5. 70 02
B.12F=01
2046F‘01
1.695-07
3. 76 €3
8,31€-01
3,27E-02

2.T1E 05

~= CLADDING ACTIVATION
MWD /MT,

FLUX= S5.82F 12 N/CM#=%x2-SE(

FUEL CHARGED TO RFACTOR

265.,D
1.4R8F="Q
2.26E-02
4, 4AF=(9
2.26E-05
T.REFE=16
1.80F O1
2.96E=-14
773612
Tel4E=-19
3.82E-C°
2.20E-10C
4,39E-04
1.08E 12
1.80F 01
4,97FE=08
7.13F“12
3.528-12
1.04F=09
2.36E-11
4,65F-04
1.32E-05
1.80F 22
7.56F N0
3.66F 03
1,79 N1
3.74F 03
5.33¢ 01
9.568E 03
6.,40E=-N1
IQQSF“OI
4-46E-05
2:49E 05
9,.54F 02
5.7T0F 02
8.,12E-21
2 J46E=-01
1.69F-07
3.76E 03
R,26E-01
3.81F=-02

2.71E 85

1596.D
1.32E-(¢
2.265-0?
4.48F-3Q
3,24E-C5
2 08E=-1F€
1.80F 01
6.15F-14
7.72E=12
7.,14E=-1C
3,82€-00
2,.30F-10
A.%QE‘O“
1.08F N2
1.80F )
4,97E=0R
7.13F=12
3,52F=12
1.04E=-00
3,26F-11
4,65F-06
T JLLE-06
1.80F N2
7.54F 0C
2,665 Q02
1.22F O
3,745 N2
5.21F O}
Q,56E N2
5,75F=01
1.95E-01
9,545-00
2,49 05
9.54E 02
5.7CF 02
R,12E-01
2.46FE=01
1.69€=-07
3,765 (2
R,13£~-01
5,12E-02

2.71€ 05

10 95%8,D
2.P°E-10
2.265=-02
4, LPF=0G
3.,26F-05
1.91F-14
1.RO0F 31
4.76E~-13
T7.73F=12
T7.14F=19
2,82E-09
2.30F-10
4,29€-04
1.08E 02
1.20F 01
4,97F=(08
7.13F-12
2,52E~13
1.04F-09
3.36E-11
4,65F=-04
T.45F-06
l1.RCF 02
7.54% 00
2.,66F 03
1.85F
2.T4F
4,85E
9.56¢F
2.22€
1,95€-01
7.56E-10
2449F 05
9.54F 02
£.70F 02
8,12e-01
2046E-01
1.69E-07
3.76F 03
T.94F=-01
7.G7€-02

2.71F 05



DIABLO CANYON REFERENCE LWR —- CLADDING ACTIVATICN
POWFER= 30,00 MW/MT, BURNUP= 32000, MWD/MT, FLUX= S5.82E 13 N/CM**2-SEC
NUCLINDE RADIOACTIVITY, CURIES / MFETRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 90.D 150.0 365,.D 1096.D 1095R.D
SC 46 0.0 4,24F CO 2.01F 00 1.23F 0C 2.08E-01 4.95FE-04 C.0O
CR 5 "0 2.92F N4 2,10F £33 £,95F N2 3,2T7F 00 3,97E=-CR (LD
MN 54 1.0 2.48F N2 2,01E 02 1.,76F 02 1.07F 02 2.02E Q) 3,23E-09
FE &5 0.0 1.99¢ 03 1,.8AF 02 1,78F 03 1.52F 02 8,94% 02 K,68F-(Gl
FE S92 0,0 2e26F 02 B5,64FE 0] 2,26F D1 8,16FE="1 1,.D4F=0F 0,0
C3 58 "0 Q,27E 03 3,87 Q3 2,16E 03 2,67 02 2,19%5-0) 0.C
CO &6 0.0 £.42F 03 6,22F 03 6,C8F 03 5,63F 03 4.32F 02 1,23F 02
NI 5 0.0 3.R3E 0O 2,83F £C 2,82F CC 3,.,83F 00 3,82 (" 3,83€ 0D
NI 63 .0 B.62F N2 5,62F 02 5,6YF 02 5.59F D02 5.50F 02 &.,49E 02
SR /@ 0,0 4,24F 01 1,31F 01 5.,87F 00 3.34E-0) 1.96E~C% 0.0
¥ 91 0.0 8,058 01 2.79F 01 1,37F Gl 1.09F 00 1.97E~T4 2,0
IR 95 .0 2.87F 04 1,1NE N4 S5,80% N2 5,86E 02 2.41F-(1 C.7
NB 95 0.0 2.785 04 1,.78E 04 1,06F 04 1,22% 02 5,12F-0Y 0.0
SN11aM 0.0 2.,61F 01 2.02F 01 1.728 Q1 9.47F 05 1,25k O 1,66E-12
SB124 .0 129 NP1 4,93F 0 2,47 OO0 2,D06E=N1 4,42E-05 0,0
$812% 0.0 4,46F 01 4,19F 01 4,02F 01 2,45FE 01 2,07¢ 0 2,01F-02
TE125M4 0.0 2.028 01 1.80F 0 1,69 01 1,43FE 01 B.,56F OC R,25E-03
SURTOT 7.7 1.05E C5 4 ,48F N4 2,8F N4 9,98F 03 5,82F B3 S,77F 02
TOTALS 0,0 1.24E 05 6 .48 04 2,.80F 04 9,96F 03 5,82F 02 5,77F Q2
Table 3.28. Calculated Radioactivity of Activation-Product Elements
Present in the Zircaloy-l Cladding and Inconel Spacers of
Irradiated Diablo Canyon Fuel Assemblies
DIABLO CANYON REFERENCE LWR —- CLADDING ACTIVATION
POWFR= 20,00 MW/MT, BURNUP= 32000. MWD/MT, FLUX= 5,82F 12 N/CM®%2-S5EC
ELEMENT RADIOCACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 9%.D 150.0 365.0 179¢.D 10958.D
H 0.0 1.526-05 1.50E-05 1.48E-0%5 1.,43F=05 1.28E-C5 2.80FE=06
BF C.0 B8.956-04 3.26E-11 3.26E~11 3,26E-11 3.,26F-11 3,26F-11
C CL.C S5.69F=10 5,69E-10 5,69E=-1C 5,69F-10 5,69E-)1" 5,67FE~10
p 0.0 1.295~=C7 1,64F-09 B,9E-11 2,67E-15 0.0 0.0
S 0.0 SeT4FE=C9 4 ,60E-19 2.87E=-19 S5.27E~20 1.66E=-22 0.0
cL a.0 14485~12 2,42F=26 2,42FE=26 2.62F-26 2.42E=-26 2,42E-26
AR 0.0 3.30F=07 4,33E=~16 4,22F-16 4.32E~-16 4,30F=-16 4,.,01FE-16
K 0.0 %4,97E~C6 1.,10F=-28 1,10F-28 1.10F~-28 1,10E-28 1,.10E~28
CA Gl 2.1T7E-CG2 2.16E-02 1.6PE-N2 A,80F-03 3,15E-04 2,31F=-25
SC D0 1.23% 01 2.01F €00 1.22E 00 2.08E5-01 4,95E-D&4 0.0
CR 0.0 2.95E 04 3,10F 02 6.,95F 02 3.27F 00 3.,97F~Cf 0.0
MN N0 3,11F 03 2,01F D2 1.76E 02 1.,07F N2 2.02F N1 3,23F-09
FE C.0 2.21F 03 1,92E 02 1.80F €3 1.52F 03 B.94F 0? #,6R8F=01
co 0.0 2.17E 04 1.01FE 04 8,24F 03 5.,90F 03 4.32€E 02 1,.,23F Q2
NI 0.0 1.41F €3 5.66F N2 5,65F €2 F.62F 02 5.54E 02 4,53E 02
SR N0 S.N5E Q1 1.,31E €Y 5.87F OO 3.35€E-01 R.20E-04 4.11E-04
Y 0.0 1.51E 03 2.79F 01 1.37E 01 1,09F 00 9.98E-C4 4,11F-04
IR 0.0 2:B7E 04 1.,10FE 04 S,80FE 03 5.86F 02 2.,43F=-01 1.02FE-01
NB AL 2.79F 04 1,78E 04 1.06F 06 1,22F 03 5,36F-N1 9,52F=02
MO 0.0 2.265 03 2.00€-02 2.00E-02 2.00%-02 2.00E~-02 1,99E-02
TC 0.0 2,03E 03 1,45F~02 1.40E=02 1,40E-N2 1.40F=02 1,4DF=02
cn 0,6 2.83€-03 1,39€-15 0.0 D0 0.0 0.C
SN 0.0 2.49¢ 03 2,08 01 1.75E 01 9.62F 00 1.33F 00 6.66FE-02
S8 C.0 B.64FE 01 4,.70E O1 4.26E 01 3,47€ 01 2.07€ 01 2.C1lE-D2
TE c.0 2.02¢ 01 1.80F 01 {.69F 01 1,43FE Dl 8,.56F 00 8,35€~03
TOTALS 0.0 1.24E 05 4.48E 04 2.80F 04 9,96F 03 5.,82F 03 5,77F 02

Table 3.27.
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Table 3.29. Calculated Thermal Power of Activation-Product Isotopes
Present in the Zircaloy-Li Cladding and Inconel Spacers of
Irradiated Diablo Canyon Fuel Assemblies

DIABLO CANYON REFERENCE LWR —- CLADDING ACTIVATION
POWER= 30 .00 MW/MT, BURNUP= 33000. MWD/MT, FLUX= 5.82EF 13 N/CM#%2-SEC

NUCLIDE THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TO REACTOR

il

CHARGE DISCHARGE s0.D 150.D 265.0 1096.0 10958.D
SC 46 Q.0 5.956-02 2,83E-02 1.72E-02 2.92F-03 6.956-06 0.C
CR 51 0.0 1.30F 02 1.38E 01 2,08E CO 1.455-02 1.76F-10 0.0
MN 5S4 0.0 2.00F N0 1,62F 00 1.42FE 00 B.66E-01 1,63F-01 2.61E-11
FE B8 £,.0 2.59E 00 2,42F 00 2.32E 0C 1.99E 00 1.17¢ 00 R8,71E-04
FE 59 0.0 1,75 00 4,376~-01 1.72E-01 6.,22E-03 8,09E-08 0.0
CO 58 0.0 1.74E 02 7,24 Q1 4,04F 01 5,0CF 20 4,10F-03 C.0
CO &0 .0 1.00E 02 9,69 01 9,48E €Y B8.77F 01 6,.74E 01 1.92E 0C
NI 63 0.0 9,01E~02 R,99E-02 R, 9RE~02 8.°94F-02 8.81F-02 7.18E-02
SR 89 0,0 1.56E=-01 4.7CE~-02 2.,11E~02 1.,20E-03 7,.25€E-08 0.0
Y 91 0.0 3.06F-01 1,06E=01 5,23E-~02 4,15E-N3 7,52€E-07 0.0
IR 95 0,0 1.,50F 02 5.,76E 01 3,04F 01 3.07€E 00 1.26€-02 0.0
NB 92 0.0 7.875-02 1.69E=-04 2,.83E~06 1.,21€-12 0.0 N.C
NB G5 N0 1.33F 02 8,52FE N1 5,(9F Q1 5.85F Q0 2,46E~02 0.L.C
SN119M 0.0 1.376~02 1.07E-02 9,C7€~02 5.00FE-02 6.58E-04 R,T7TTE-16
SN123M 0.0 1.516=-03 9,18E=04 6£,586~04 2.00E-04 3,47E-06 D.C
SB124 o, 1.89E-01 6,67FE-N2 3,33E~02 2.T78E-03 5,98F-(7 0,0
$B125 0.0 1.50E-01 1.41E-01 1,35F~-01 1.16E-01 $.92E-02 6,T6FE-05
$B8126 0,0 1,99E-01 1.356-03 4, 86E~05 2,23E-10 0.0 C.C
TE125M .0 1.74E=02 1,54E-C2 1 .46FE~02 1.23E-02 7,.36E-02 7,17E-06
SUBTOT 0.0C 6.95E 02 3,.31F 02 2.24F 02 1.05F 02 6.89F 01 1.99F 0C
TOTALS 0.0 T.93F 02 3,31F 02 2,24F 02 1.05F 02 6,89 01 1.99F 00

Table 3.30.
‘Present in the Zircaloy-l4 Cladding and Inconel Spacers of

Calculated Thermal Power of Activation-Product Elements

Irradiated Diablo Canyon Fuel Assemblies

DIABLO CANYON REFERENCE LWR —- CLADDING ACTIVATION

POWER=

FLEMENT THERMAL POWER,

30.00 MW/MT, BURNUP=

CHARGE

s © 5 & 0 6 &0 9 6 8 6 6 8 e e 8 o @
OODDIODIDODTOAODIOODDIDAOADIDTIOODIQ

DOMDOONODTIMDDDIAIODIICIDDDNIO IO

TOTALS Z.0C

?

7.93E D2

90.D
S.32F-10
1.69E-113
6.76E=-12
1.21€=-22
4,51E~-29
6.00E-19
1.32e-0°%
2+83E-02
1.386 21
1.628 €O
2.87E [0
1.9 22
8,99E-02
4 ,70E-02
1.06E-D1
Se.76F 01
3,52F 01
4,97E-08
2445F-0¢
4,62E-18
1.20E=-02
2.09F-
1.54F-02

3.31F 02

232000.

150.D
8.27F-10
1.69F-12
8.15€-22
4,51F~20
6. 00E~19
1.C2E~05
1.728-02
2.0%E 00
1.42% 0C
2.5CE GP
1.35E 02
8,98E-02
2+11E-02
54 23E-02
3.04F 01
5. (9F 01
4,97E-N8
2« 40F =05
.0
9, 83F=02
1. &8E-0}
1 .46F-02

2..24F (2

MWD/MT,

3€5.D
5.10E-10
1.69F-13
1.10E-17
1.50F-23
4.51E~29
5.99E-19
4.15E-06
2.92€-03
1.45E-02
8.65E~01
1.99F 33
9.27F 31
1:255-03
4,15€E~-02
32.07€ 0O
5,85 N
4,07E~DG
2+40E~05
0.0
5.29F~03
1.196-01
1.23E-02

1.05E n2

1096,D
4.56F~10
1.69E‘13
0.0
L ,73E-26
4,51E=-29
5.96E-1C
1.92F-07
6.95E-D8
1.76E-10
1.63E~01
1,17 00
6.74E 01
2,81F=-02
l-llE-Pﬁ
5 23E~-(6
1.27e~03
2+46FE~-03
4 ,9TE=LE
2 .40F=-05
0.0
7.51€-N4
6,93E-C2
T26F~=(C2

6.89E {1

FLUX= 5.82E 13 N/CM*¥2-SE(

WATYS /7 METRIC TON FUEL CHARGED TO REACTOR
DISCHARGE
5.40E-10
1.69€E-13
5.31F-10
1.21F-10
2.66E-14
5.0 7E-029
2.09F-05
1.35e-01
1.32 02
4,788 01
4.34F (O
2.T7E D2
6.17¢ €O
2.20E-01
8.47E NO
1.50F 02
«24F 02
1.328E 01
3.71F 00
1.48€E-05
2.54F OD
Be44E~-01
1.74E~02

10958.D
9.95F-11
1.68F-13
0.0
0.0
4,51F-29
5.56E~19
5.84F-28
2.0
0.0
2.61E-11
2,71E-04
1.92F 0C
T7.18E-02
5.36F=-07
2.35F=06
1.21F-05
2.09E=-05
4 ,96E=05
2.40E-05
0.0
6,99E-05
£.T76E<05
7.17F-06

1.,99F 00
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Table 3,31. Masses of Fission Product Isotopes Calculated to Be Present
in Spent IMFBR (AI Reference Oxide) Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

Al REFERENCE OXIDE LMFBR -~ WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2.65E 15 N/CM*#*2-SEC

NUCLIDE CONCENTRATICONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 20.0 365.D 1096.D 3652.D 36525.D 365250.D

SE 80 0.0 1.34% 00 1.34E 00 1.34E 00 1.34E 00 1.34E 00 1.34E 00
BR 81 0.0 2.23E 00 2.23E 00 2.23E 09 2.23E 00 2.23E 00 2.23E 0C
SE 82 0.0 4.29F 00 4.29E 00 4.29F G0 4.29F 00 4.29E QC 4.29E CC
KR 83 0,0 6.54F 01 6.54E Ol 6.54E Ol 6.54E 01 6.54% 01 6.54E 0Ol
KR 84 0.0 1.14F 02 1.14E 02 1.14F 02 1.14E 02 1.14E 02 1.14E 02
KR 85 0.0 2.61FE 01 2.46FE 01 2.16F 01 1.38 0l 4.18E-02 0.0
RB 85 0.0 4.41F 01 4.56E 01 4.85F 01 5.64E 01 7.01F 01 7.02E 01
KR 86 0.0 1.08F 02 1.08E 02 1.08E 02 1.08E 02 1.08E 02 1.08E 02
RB 87 0.0 1.34F 02 1.34F (2 1.34F 02 1.34F 02 1.34% 02 1.34E 02
SR 88 0.0 2.04E 02 2.04E 02 2.04F 02 2.04FE 02 2.,04F 02 2.04E 02
SR 89 0.0 2.26E 01 2.60E-01 1.52E-05 2,43E-20 0.0 0.0

Y 89 0.0 2423F 02 2.45F 02 2.46FE 02 2.46EFE 02 2.46F 02 2.46E 02
SR 90 0.0 3,075 02 3.00F 02 2.86E 02 2.41E 02 2.61F 01 5.96E-09
ZR 90 9.0 6.65E 00 1.35E 01 2.80FE O1 7.33E C1 2.88F 02 3.14F 02

Y 91 0.0 3,778 01 T7.,27E-C1l 1.32E-04 1.08E-17 0.0 0.0

IR 91 0.0 3.09E 02 3.46E C2 3.47E 02 3.47E 02 3.4TE 02 3.47E 02
IR 92 0.0 4.49F 02 4.49E 02 4.49E 02 4.49E 02 4.49E 02 4.49E 02
IR 93 0.0 5.56% 02 5.56F (2 5.56E 32 5.56E 02 5.56E 02 5.56E 02
IR 94 0.0 6.30F 02 6.3CE 02 6.30E 02 6.30E 02 6.30FE 02 6.30E 02
IR 95 0.0 9,92E 01 2.79F 00 1.,15E-03 1.67E~15 0.0 0.0

NB 95 0.0 6.78E 01 3.19E 00 1.315-03 1.91E-15 G.C C.0

MO 95 G.0 6.,17E 02 T.78E 02 7.84E 02 7.84E 02 7.84F 02 7.84E 02
IR 96 Q.0 Te34F 02 7.34F 02 To34E 02 T.34E 02 T.34E 02 T.34E 02
M3 96 0.0 1.308 Ol 1.30E 01 1.30E 01 1.3GE 01 1.30FE 01 1.30E C1
MO 97 0.0 9.84E Q2 9.8B4E 02 3.B4E 02 9.84E 02 9.84F 02 9.B4E 02
MO 98 0.0 8.56E 02 8.56E 02 B.56F 02 8.56F 02 8,56F 02 8.56E (2
TC 99 0.0 8.T4E 02 B.74E C2 8.74FE 02 8.74E 02 8.74E 02 B8.71€ 02
MOl100 0.0 1,01E 03 1.01F 03 1.01E 03 1.01E 03 1.01E 03 1.01€ 03
RU100 Q.0 2.04E 01 2.04F 0l 2.04E 01 2.04E 01 2.04F 01 2.04E 01
RULIC1 0C.O 8434E 02 8.34F 02 B8.34E 02 8.34E 02 B.34F 02 B8.34FE 02
RU122 0.0 9.36FE 02 9.36FE 02 9.36F 02 9.36E 02 9.36E 02 9.36E 02
RU1O03 9.0 5.49E 01 1.56E-01 4.37E-07 0.0 0.0 0.0
RH103 0.0 B.19E 02 8.74E 02 8.74F 02 B.74E 02 8.74E 02 8.74FE 02
RU104 0.0 8.70E 02 8,70E 02 8.70F 02 8.70E 02 8.70E 02 B8.7T0E 02
PD105 9.0 S«61F 02 5.61E 02 5.61E 02 S.61E 02 5.61E 02 5.61F 02
RUI06 0.0 3.84F Q2 2.04E 02 5.13E 01 4.11E-01 0.C G.0
PD106 0.0 2.94F 02 4.T4E 02 5.27E 02 b6.77E 02 6.77TE 02 6.77E 02
PD107 0.0 4.96E 02 4.96F 02 4.96E 02 4.96E 02 4.96E 02 4.96F C2
PD108 0.0 3.11F 02 3.11E G2 3.11E 02 3.11€ 02 3.11f 02 3.11E 02
AGl109 0.0 3.63E 02 3.63E 02 3.63EF 02 3.63E 02 3.63F 02 3,63E 02
POl11C 9.C 3.95F 00 3.95€E 00 3,95E 00 3.95E 00 3.95E 00 3,.95E €O
col10 0.0 1.84E 01 1.86E ©O1 1.87E 01 1.88E 01 1.88E 01 1.88E 01
CD11l1 0.0 6.13FE 01 6.13E Ol 6.13E 01 6.13E 01 6.13E 01 6.13E 01
CDl12 0.0 3.75€ 01 3.75¢ C1 3.75E 01 3.75E 01 3.75€ 01 3.75E 01
CD113 0.0 3.49E 00 3.49E 00 3.49E 00 3.49E 00 3,49 00 3.49E 00
CDl14 0.0 4,01F 00 4.01F 00 4.01E 00 4.0lE 00 4.01E 00 4.01F 0O
IN11S 0.0 2.03E 00 2.04E 00 2.04E 00 2.04E 00 2.04E 00 2.04E 0O
CDoll6 0.0 1.05¢ 00 1.05€ 00 1.05E 00 1.05E 00 1.05E 00 1.05E 00
SN117 0.0 4.16F 00 4.16F 00 4.16E 00 4.16E 00 4.16E 00 4.16E 00
SN118 0.0 1.48E 00 1.48E 00 1.48E 00 1.48E 00 1.48E 00 1.48E 00
SN119 0.0 2.26E 00 2.26E 00 2.27E 00 2.2TE 00 2.27E 00 2.27E 00
SN120 0.0 1.47€ 00 1.47€ OO0 1.47E 00 1.47E 00 1.47E 00 1.47E 00
SN121iM 0.0 1.39F 00 1.38E 00 1.35E 00 1.27E 00 5.59E~01 1.53E-04
S$B121 0.0 1.24F 01 1.24E Ol 1.24E 01 1.25E 01 1.32E 01 1.38E 01
SN122 0.0 1.61E 00 1.61E 00 1.61FE 00 1.61E 00 1.61E 00 1.61E 00
$8123 0.0 1.52€ 00 1.59€E 00 1.60FE 00 1.60E 00 1.60F 0C 1.80F 00
SN124 0.0 1.63E 00 1.63E 00 1,63E 00 1.63E 00 1.863E 00 1.63E 00
$8125 0.0 1.85E O1 1.47E 01 B8.77E 00 1.45E 00 1.35E-10 0.0
TE125 0.0 3.66E 00 7.65E 00 1.37€ Ol 2.12E 01 2,26F 01 2.26E C1
SN126 0.0 5.99E 01 5.99F 01 5.,99E 01 5.99E 01 5.98€ 01 5,95E Ol
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Table 3.31 (Continued)

Al REFERENCE OXIDE LMFBR - WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 5B8.23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2.65E 15 N/CM*%2-SEC

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TC REACTOR

CHARGE 30.D 365.0 1096.0 3652.D 36525.D 365250.D
TE126 ©.0 1.60E 00 1.61E 00 1.62E 00 1.62E 00 1.66E 00 2.03F 0OC
TE127™ 0.0 6.47TE 00 7.69E-01 7.36FE-03 6.44E-10 0.0 0.0
1127 0.0 1.15E 02 1.21E 02 1.22E 02 1.22E 02 1.22E 02 1.22E 02
TE128 0.0 1.61€ 02 1.61E 02 1.61E 02 1.61E 02 1.61F 02 1.61E 02
XE128 0.0 3.76E 00 3.76E 00 3.76E 00 3.76E 00 3.76E 00 3.76E 00
TE129M 0.0 6.,08E 00 6.58E-03 2.22E-09 0.0 0.0 0.0
1129 0.0 3.27E 02 3.33E 02 3.33E 02 3.33E 02 3.33E 02 3.33E C2
TE1I30 0.0 3.65E 02 3.65E 02 3.65E 02 3.65E C2 3.65E 02 3.65€E €2
XE130 OQ.0 9.77 00 9.77E 00 9,77E 00 9.77E 00 9.77E 00 9.77E OO
XE131l 0.0 6480E 02 6.8lE 02 6.81E 02 6.81lE 02 6.81F 02 6.8lF 02
XE132 0.0 9,78 02 9.78E 02 9.78E 02 9.78E 02 9.78E 02 9.78E 02
€CS133 0.0 1.24E 03 1.24F 03 1.,24F 03 1.,24F 03 1.24FE 03 1.24E 02
XE134 0.0 1.37€ 03 1,37 03 1.37F 03 1.37E 03 1.37E 03 1.37F 03
CS134 0.C 2.22E 01 1.63E 01 8.29E 00 7.78E-01 4.96E~14 0.0
BAl134 0.0 4.61E 00 1.05E 01 1.86FE 01 2.61F 01 2.68E 01 2.68F 01
CS135 0.0 1.33€ 03 1.33€ 03 1.33E 03 1.33E 03 1.33E 03 1.33E 03
XE136 0.0 1.22E 03 1.22€ 03 1.22F 03 1.22E 03 1.22E 03 1.22E 03
BAl36 0.0 3.79€ 01 3.82E 01 3.82E 01 3.82E 01 3.82F Q1 3.82€ 0Ol
CS137 0.0 1.25F 03 1.23E 03 1.17E 03 9.,97E 02 1.25E 02 1.16E-07
BA137 0.0 2.45€ Q01 5.08E Ol 1.06E 02 2,81E 02 1.15E 03 1.28E 03
BAl138 0.0 1.22E 03 1.22E 03 1.22E 03 1.22E €3 1.22E 03 1.22E ©3
LA139 0.9 1.14E 03 1.14E 03 1.14F 03 1.14E 03 1.14E 03 1.14F 03
BA140 0.0 T.17€8 00 9.,34E-08 0.0 C.C .0 0.0
CE140 0.0 1.24F 03 1.25F 03 1.25E 03 1.25F€ 03 1.25E 03 1.25E 03
CEl4l 0.0 5.18E 01 4.00E~-C2 6.45E-09 0.0 0.0 0.0
PR141 C.O 1.085 03 1.13F 03 1.13F 03 1.13E 03 1.13E 03 1.13E 03
CEl42 0.0 1.01F 03 1.01E 03 1.01E€ 03 1.01E 03 1.01E 03 1.01E G3
ND142 0.0 4.78E 00 4.78BFE 00 4.78E 00 4.78E 00 4.78FE 00 4.78E 0C
PR143 0.0 9.66E 00 4.15E-07 3.60E-23 0.0 0.0 0.0
ND143 0.0 1.03E 03 1.04E 03 1.04F 03 1.04E 03 1.04E 03 1.04F 03
CEl44 0.0 4,00F 02 1.77E 02 2.96E 01 5.79E-02 0.0 0.0
ND1l44 ¢C.0 4.46F 02 6.69E 02 8.16F 02 8.46F 02 8.46FE 02 8.46E 02
ND145 0.0 6.65E 02 6.65FE 02 6.65E 02 6.65E 02 6.65E 02 6.65E 02
ND146 0.0 6.17E 02 6.17E 02 6.17TE 02 6.17E 02 €.17E 02 6.17E 02
ND147 0.0 2.31€ 00 1.90E-09 0.0 0.0 0.0 0.0
PM147 0.0 3.80E 02 3.00€ 02 1.77€ 02 2,77E 01 1.26€E-C9 0.0
SM147 0.0 8.71E 01 1.70E 02 2.93E 02 4.42F 02 4.70E 02 4.70F 02
ND148 0.0 3.83E 02 3.83F 02 3.83F 02 3.83E 02 3.83F 02 3.83F 02
PM148M 0.0 1.97€ 00 7.83E-03 4.55E-98 0.0 0.0 0.0
SM148 0.0 3.44E Ol 3.64E 01 3.64FE 01 3.64FE 01 3.64F 01 3.64E Ol
SM149 0.0 2.83E 02 2.83FE 02 2.83E 02 2.83E 02 2.83FE 02 2.83E 02
ND15¢ 0.0 2.26E 02 2.26E 02 2.26E 02 2.26E 02 2.,26E 02 2.26E 02
SM150 0.0 2,07E 01 2.07E 01 2.07€ 01 2.07E 01 2.07E Ol 2.07E Ol
SM151 0.0 1.72E 02 1.71E 02 1.68E 02 1.59E 02 7.78E 01 5.97€E-02
EUl51 0.0 1.09€ 00 2.34E 00 5.05E 00 1.42E 01 9.57E 01 1.73E 02
sSM152 0.0 1.,53F 02 1.53F 02 1.53E 02 1.53E 02 1.54E 02 1.54E 02
EUl53 0.0 T+48E Ol 7.,48E 01 T.48E Ol T7.48F Ol 7.48E 01 7.48E Gl
SM154 0.0 6.,04E 01 6.04E 01 6.04E 01 6.04E 01 6.04E 01 6.0&E 01
EUl54 0.0 6.T2E 00 6.46E 00 5.93E 00 4.38E 00 8.87E-02 1.03E-18
EU155 0.0 6,23E 01 4.38E Ol 2.04E 01 1.40E 00 1.51E~15 0.0
GD155 0.0 2.08E 01 3.93E 01 6.27E 01 8.17E Ol 8.31E 01 8.31€ 0l
GD156 0.0 4,80 Ol 4.85€ 01 4.85E Ol 4.85E 01 4.85FE 0l 4.85E 01
GD157 0.0 2.76E 01 2.76E 01 2.76E 01 2.76E 01 2.76E 01 2.76E 01
6D158 0.0 T+54E 01 7.54E O1 T7.54F 01 7.54E 01 7.54E 01 7.54E 01
TB159 0.0 3.75€ 01 3.75E 01 3.75E 01 3.75E Ol 3.75E 01 3.75E 01
6D160 0.0 3.12E 00 3.12E 00 3.12E 00 3.12E 00 3.12E 00 3.12E 0O
DY160 0.0 2.72E 00 3,52E 00 3.55F 00 3.55 00 3.55E 00 3.55E 00
DY161 0.0 7.68E 00 7.69E 00 T.69E 00 7.69E 00 7.69E 00 7.69€E 00
GD162 0.0 2.00E 00 1.06E 00 2.65€E-01 2.07TE-03 0.0 0.0
DY162 0.0 1.79E 00 2.73E 00 3.53E 00 3.79€ 00 3.79E 00 3.79E 00
DY163 0.0 1.46E 00 1.46FE OC 1.46E 00 1.46E 00 1.46E 00 1l.46E 00
SUBTOT 0.0 3.49E 04 3.49E 04 3.,49E 04 3.49FE 04 3.49F 04 3.49E 04
TOTALS 0.0 3.49E 04 3.49E 04 3.49E 04 3.49E 04 3.49E 04 3.49E 04
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Table 3,32.

Magses of Fission Product Elements Calculated to Be Present
in Spent IMFBR (AL Reference Oxide) Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

(PROCESSED AT 30 DAYS)

FLUX= 2.65E 15 N/CM*%2-SEC

FUEL CHARGED TO REACTOR
3652.D 36525.D 365250.D

POWER= 58,23 MW/MT, BURNUP= 32977, MWD/MT,
ELEMENT CONCENTRATIONS, GRAMS / METRIC TON
CHARGE 30,0 36%.D 1096.D

H 0.0 9.61E-02 9.13E-02 B8.16E-02 5.50E-02
IN c.0 1.20E-08 0.0 .0 0.0
GA 0.0 5.24E~-09 0.0 0.0 0.0

GE .0 1.63E-01 1.63E-Cl 1.63E-01 1.63E-01
AS 0.0 1.86E-02 1.86E-02 1.86E-02 1.86E-02
SE 0.0 6.57E CO 6.57E 0OC 6.57€ 00 6.57E 00
BR .0 2423E 0C 2.23FE 00 2.23E 00 2.23E 00
KR 0.0 3.13E 02 3.11E 02 3.08E 02 3.01E 02
RB 0.0 1.78E 02 1.79F 02 1.82E 02 1.90E 02
SR .0 534E 02 5.05E 02 4.90E 02 4.45E 02

Y 0.0 2.61F 02 2.46FE 02 2.46F 02 2.46E €2
IR 0.0 2.78E 03 2.73E 03 2.74E 03 2.79E 03
NB 0.0 6.79E 01 3.19E OC 2.28E-03 2.76E-03
Mo c.0 3.48E 03 3.64E 03 3.64E 03 3.64E 03
TC 0.0 B.T4E 02 B8.74E 02 8.74FE 02 8.74E 02
RU 0.0 3.10E 03 2.86E 03 2.71E 03 2.66E 03
RH .0 8.19E 02 8.,74E 02 8.T4E 02 8.74E 02
PO 0.0 1.67€ 03 1.85F 03 2.00F 03 2.05E 03
AG 0.0 3.64E 02 3.63FE 02 3.63E 02 3.63E 02
co 0.0 1,26F €2 1.27E 02 1.27TE 02 1.26F 02
IN C.0 2.04E 00 2.08F 00 2.13E 00 2.27E 00
SN 0.0 Te42E 01 7.41FE 01 T.40E 01 7.39E 01
S8 0.0 3.24F 01 2.86E 01 2.28E 01 1.55E 01
TE 0.0 5.45E 02 5.37E 02 5.42F 02 5.50E 02

I 0.0 4.43F 02 4.54E 02 4.55E 02 4.55E 02
XE C.0 4026E 03 4,26E 03 4,26E 03 4.26E 03
CS c.C 3.85E 03 2,.82F €3 3.75E 03 3.57E 03
BA c.0 1.29€ 03 1.32E 03 1.38E 03 1.56E 03
LA 0.0 1.14F 03 1.14E 03 1.14E 03 1.14E 03
CE 0.0 2.7GE 03 2.43E €3 2.,28E 03 2.25E 03
PR 0.0 1.09E 03 1.13E 03 1.13F 03 1.13E 03
ND C.G 3.38E 03 3.61F 03 3,75E 03 3.78F 03
PM 0.0 3.82E 02 3,00F €2 1.77€ 02 2.77E 01
SM C.0 B.11E 02 8.95E 02 1.02F 02 1.16E 03
EU c.0 1.45E 02 1.27E 02 1.06F C2 9.48E 01
GD 0.0 1,778 02 1.95F 02 2.19€E 02 2.39E D2
T8 0.0 3.83E 01 3.75E 01 3.75F 01 3.75E 01
oY 0.0 1.43FE Ol 1.61E 01 1.69E 01 1.71E 0Ol
HO 0.0 2.21E-01 2.21E-01 2.21E-01 2.21E-01
ER .0 1.56E-01 1.56E-01 1.56E-01 1.56E-01
TOTALS 0.0 3.,49E 04 3.49E 04 3.49E 04 3.49F 04

C.0

C.0

1.63E-01
1.86E-02
6.57E 00
2.23E 0C
2.87E 02
2.04F 02
2.31F 02
2.46E 02
3.00E 03
2.59E-02
3.64E 03
8.74E 02
2.66E 03
8.74E
2.05E
3.63E
1.26E
2.60E
T.32E
1.48E
5.51¢E
4.55E
4+26E
2.T0E
2.44E
1.14F
2.25E
1.13E€
3.78E €3
1,26E-09
1.10E 03
1.71E €2
2.45E 02
3.75E 01
1.71F 01
2.21E-01
1.56E-01

3.49E 04

G.0

0.0

0.0
1.63E-01
1.86€E-02
6.56E OC
2.24E
2.87E
2.04E
2.04F
2.46E
3.03E
2.57E-01
3.64E G3
8.T1E
2+66E
8.74E
2.05E
3.63E
1.26F
2.81F
T.23F
1.54F
5.51E
4.55E
4426F
2.57E
2.56F
l.14E
2.25E
1.13E
3.7BE
0.0
1.02E
2.48E
2.45E
3,75
1,71E
2.21E-01
1.56E~01

3.49€ Q4
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Table 3.33. Calculated Radioactivity of Fission Product Nuclides Present
in Spent IMFBR (AI Reference Oxide) Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

ATl REFERENCE OXIDE LMFBR - WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 58.23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2.65E 15 N/CM¥*2-SEC

NUCLIDE RADICACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 30.D 365.0 1096.D 3652.0 36525.D 365250.D
9.32E 02 8.85E 02 7.91F D2 5.33F 02 3.34E C0 0.0
1.02E 04 9,63E 03 8.46F 032 5.39F 03 1,.64F C1
IOOZE 03 4‘.03E"03 6.49E"15 D.O 0.0
6.37E 05 7.33E 03 4.29E-01 6.85E-15
4,34E 04 4,25FE 04 4.04E 04 3.40E 04
4.35F 04 4.25F 04 4.04F 04 3.40E 04
9.21E 05 1.78E 04 3.21E 00 2.64E-13
le43F 00 1.43FE 00 1.43FE 00 1.43E 0O
2.10E 06 5.,B9F 04 2.43EF 01 3.53E-11
4,458 04 1.25E 03 5.15E-01 7.49E-13
2466F 05 1.25F 0F 5.15E 01 7.495-11

3E-07
3E-07

LYo )
mm
Q0
W

w
m
«Q
(=]

2E 0C

® & @ ® & * & 0 ¢ & o e &

C.0
0.0 0.C
0.0 0.0
c.0 0.0 0.0
0.0 3.6 8.4
0.0 3.7 8.4
C.0 C.0 0.0
C.0 1.4 l.4
.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
MO 99 0.0 1.81E 03 0.0 0.0 0.0 0.0 c.0
TC 99% 0.0 1.73E 03 0.0 0.C G.C C.C G.C
TC 99 0.0 1.49F 01 1.49E 01 1.49E 01 1.49E 01 1.49F 01 1.48F 0l
RU103 0.0 1.76E 06 5.00F 03 1.40E-02 0.0 0.0 0.0
RH103M .0 1.76E 06 5.00E 03 1.40E-02 0.0 0.0 0.0
RU106 0.0 1.29E 06 6.B5E 05 1.72E 05 1.38E 03 C.0 0.C
RH106 0C.C 1.29E 06 6.85E 05 1.72F 05 1.38E 03 0.0 0.0
AGl10OM 0.C 1.59E 03 6.34FE 02 B.55E 01 7.78E-02 C.0 C.C
AG110 0.0 2.06E 02 8.24F 01 1.11E 01 1.01E-02 G.O 0.0
AGl1l 0.0 1.26E C4 4.50E-10 0.0 0.0 Q.0 .0
CD113M 0.0 1.26E 02 1.,20F 02 1.09E 02 7.72E 01 B.95E-01 3.98E-2C
IN114M 0.0 1.43E 00 1.38E-02 5.45E-07 0.0 0.0 0.0
IN114 C.O 1.38E 00 1.33E-02 5.26E-07 0.0 0.0 0.0
CD115M 0.0 2.69F 02 1.,22E 00 9.33E-06 0.0 0.0 0.0
SN119M G.0 2.1GE 01 8.2BE 00 1.09E €0 9.12E-04 0.0 0.0
SN121M 0.0 5.41FE 01 5.36E Ol 5.26E 01 4.94E 01 2.17E 01 5.96E-02
SN123M 0.0 6.86E 02 1.07F 02 1.85E 00 1.29E-06 0.0 C.C
TE123M 0.9 2.91E 00 4.0CE-01 5.27E-D3 1.39E-09 0.0 0.0
SBl124 0.0 T.67F 01 1.60E 00 3.44E-0% 5.16E~-17 C.0O G.0
SN125 0.0 6.,72E 03 1.26E-07 0.0 0.0 0.0 0.0
SB125 0.0 1.96E 04 1.55E 04 9.29E £3 1.54E 03 1.43E-07 C.0
TE125% 0.0 6.86FE 03 6.,41E 03 3.886E 03 6.39E 02 5.91F£-08 0.0
SN12&6 0.0 1.70E 00 1.70E 00 1.70F 00 1.70E 00 1.70E GO0 1.69E CC
SB126M 0.0 1.7CE 00 1.70€ 00 1.70E OC 1.70E 00 1l.70E OC 1.69E GC
sBl126 0.0 9.35E G2 1,68E 00 1.68E 0D 1.68E OC 1.68F 00 1.67E 0O
$B127 <C.0 1.60E 03 0.0 c.0 0.0 0.0 0.0
TE127M C.0 6.11E 04 T7.26E 03 6.95E 01 6.08E-06 0.0 C.C
TE127 O©.0 6.18E C4 7.17E 03 6.87E Ol 6.01E-06 0.0 0.0
TE129M 0.0 1.81F 05 1.96E 02 6.61E~05 0.0 0.0 C.0
TE129 0O.C 1.16E 05 1,26E 02 4.23E~05 0.0 0.0 C.0
1131 0.0 1.39E €5 4,12E-08 0.0 0.0 0.0 0.0
XE131M 0.0 6.19E 03 2.44E-05 0.0 0.0 0.0 0.0
TE132 0.0 4.17€ 03 0.0 0.0 0.0 0.0 0.0
1132 0.0 4.30E 03 0.0 0.0 0.0 0.9 0.0
XEl33 0.0 T.44E 04 5.44E-15 0.0 0.0 C.0 0.0
CS134 ¢.0 2.90E 04 2.12F 04 1.08E 04 1.01E 03 6.46E~11 C.0
CcS135 6.0 1,178 00 1.17€ 00 1.17E 00 1.,17E 00 1.17E 00 1.17€ 00
€S136 0.0 2.88E 04 5,01E-04 GC.0 0.0 0.0 0.0
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Table 3.33 (Continued)

POWER= 58,23 MW/MT, BURNUP= 32977,
NUCLIDE RADIDACTIVITY, CURIES / METRIC TON
CHARGE 30.D 365.0 1096.D
€5137 0.C 1.09€ 05 1.07€ 05 1.02E 05
BA137M Q.0 1.025 05 9.9%9E 04 9.53E 04
BA140 0.0 5423F G5 6.81E-03 0.0
LA140 0.0 6.01€ 05 7.B3E-03 0.0
CEl41 0.0 1.48F 06 l.14E 03 1.85E-04
PR143 0O.C 6.44E 05 2.77TE-02 2.4CE-18
CEl44 0.0 1.28E 06 5.64E 05 9.47E D4
PR144 0.C 1.28E 06 5.64E 05 9.47E 04
ND147 0C.C 1.85E 05 1.52E-04 0.0
PM147 0.0 3.53E 05 2.79E 05 1.64F 05
PM148M 0.0 4.15% 04 1.65E 02 9.56E-04%
PM148 0.0 4.93E 03 1.32E 01 7.6BE~05
PM149 0.0 6.15E 01 0.0 0.0
SM151 0.0 4.69E 03 4.66E 03 4,59F 03
EUl152 0.0 1.05E 01 9.93E 00 8.84F 0D
EU154 0.0 9.76E 02 9.38F 02 8.6CE 02
EU155 0.0 Te94E 04 5.59E 04 2.60F 04
gEU156 0.0 3,06E 04 5.80E-03 1.24E-17
18160 0.0 9.46E 03 3.78E 02 3.35E-01
18161 C.0 3.08E 02 2.20E-12 0.0
GD162 0.0 4.42FE 03 2.34E 03 5.84F Q2
TB1462M 0.0 4.42E 03 2.24F 03 5.84F 02
SuUBTOT G.0 2.01F 07 3.43E Gé6 1.04E 06
TOTALS 0.0 2.01F 07 3.43E 06 1.04E 06

{PROCESSED AT 30 DAYS)

MWD/MT, FLUX=

2.65E 15 N/CMXx¥2-SEC

FUEL CHARGED TC REACTOR

3652.D
8.67TE 04
8.11E 04
0.0

1.85E 02
1.85E 02

8F 04

2.81E 05
2.81€E 05

36525.D
1.08E 04
1.01E 04
9.0

TE-06

2E 03
6E-02
9E 0©1
3E-12

® & & & & & & & 0 & & & 0 & e o »

DOQOODIONNHOOUMOODQOO

DO MmN IIOD~OOIOOQD

3.06E C4

3.C6E 04

365250.D
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Al REFERENCE OXIDE LMFBR - WASTE DECAY TIMES

POWER= 58,23 MW/MT,

Calculated Radioactivit
in Spent IMFBR (AI Reference Oxide
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by the Reprocessing of This Fuel

BURNUP=

32977,

ELEMENT RADIOACTIVITY, CURIES / METRIC TON

H
IN
GA
AS
SE
BR
KR
RB
SR

TOTALS

CHARGE

Cc.0
0.0
C.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

30.0
9.32€ 02
1.13€-02
1.62E-062
8.92E-C4
3.92E-02
2.06E-04
1.02E 04
1.02€ 03
6.81E 05
9.64E 05
2.10€ 06
2.71E 06
1.81€ 03
1.74E 03
3.05€ 06
3.05E 06
5.03E-06
1.44E 04
3.96E 02
3.40E 00
7.48€ 03
2.22€E 04
4.31F 05
1.43€ 05
8.06E 04
1.67E 05
6.25E 05
6.01E€ 05
2.76E 06
1.92E 06
1.85€ 05
3.99E 05
4.70E 03
1.11€ 05
4.42E 03
1.48E 04
6.13E-01
9.14E-01

2.01E 07

365.0
8.85E 02
0.C

02
1.22€ 02
2.70E-02
1.71E 02
1.55E 04
2.12E 04
5.43E-02
2+.44E-Q5
1.28E 05
9.99E 04
7.83E-~03
5.65E 05
S«64E 05
1 . 525-04
2.79E 05
4.66E 03
5.68E 04
2.34E 03
2.T72E 03
0.0

0.0

3.43E 06

1096.0
T.91E 02
0.0
0.0
0.0
3.92E-02
0.0
8.46F 03
1.10E-05
4.04E
4.04E
2457E
5.23E
0.0
1.49E
1.72€E
1.72¢
0.0
9.66E 01
1,09€ 02
1.07E-06
5.T3E 01
9.29E 03
3.99€ G3
5.43E-02
0.0
1.13E
9.53E
0.0
9.47E
9.4TE
0.0
1.64E
4.59E
2.68E
5.84E
5.85E
0.0
0.0

05
04

04
04

1.04E 06

MWD/MT,

of Fission Product Elements Present
Fuel and in the Wastes Generated

(PRDCESSED AT 30 DAYS)

FLUX= 2465E 15 N/CM**%2-SEC

FUEL CHARGED TO REACTOR

3652.D
5.33E 02
0.C
.0

OCwoOOo

«0
«92E-02
«0

5.39E 03
1.10E-05
3.40E 04
3.40E 04
1.43E 00
6.01E-01
6.0
1.49E ¢l
1.38€ 03
1.38€ 03
0.0
8.79E-02
7.728 01
0.0
5.11€ 01
1.54E 03
6.39E 02
5.43E~02
0.0
8.78E
8.11E
0.0
1.85E
1.85E
0.0
2.58E
4.34E
2.42E
4.57E
4.57E
0.0
0.0

04
04

02
02

04
03
03
00
00

2.81E 05

36525.D
3.34F 00
G.0
0.0
0.0
3.92E-02
0.0
1.64E 01
1.10E-05
3,69E 03
3.70€E 03
1.43E 00
1.42E 0OC
0.0
1.49€ Ol

«06E 04

365250.D
0.0

o
Y
C.
3.88E-02
0

0

QOOMHOO

1.108-05
8.43E-C7
8.43E-07
1.42€ 00
1.42E 00

1.48E 01

[»]
(=]

8E-20

E 00
E 00

o 0

3E-02

7€ 00
4E-~06

OO OWMPOOOOOPOPOWOOOLOODOO

E €C
E~-16

o 6 o 0 8 o @
o w

N O0Q0O0OHMOODOOOUVMOVMOW=OWOOOO



A1 REFERENCE OXIDE LMFBR — WASTE DECAY TIMES

POMER= 58,23 MW/MT,
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Calculated Thermal Power of Fission Product Nuclides Present
in Spent IMFBR (AI Reference Oxide) Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

30.D
3.31E-02
1.64E 01
4.81E 00
2.29€ 03
5.67€ 01
2.49E 02
3.50€ 03
1.10E 04
6.20€ 01
1.28E 04
8.11€ 00
l1.46E 00
1.01E-02
5.75¢ 03
4.18E 02
T7.65€E Ol
1.25E 04
2.56E 01
1.50E 00
3.01E 01
1.67€-01
2.03E-03
6+.49E-03
1.10E 00
1.11E-02
5.67E-Q2
2.34E 00
4.285-03
1.04E 00
4,06E Q1
6.57E 01
5.89E Q0
1.02E 01
8.81E 00
3.37€ C1
1.01E 02
3.59E Q2
4.21€E 02
5.71€ 02
6.02E 00
5.69%9E 00
6.88E 0Ol
8.03€ 01
3.04c 02
4.45E 02
1.77e 02
4.00F 02
1.76€ 03
9.98€ 03

BURNUP=

365.0
3,15E-02
1.55€ 01
1.90E-CS
2.64E 01
5.54E 01
2.43E 02
6.76E 01
3.08E 02
1. T74€ 00
6.01E 02
0.0
0.0
1.,01E-02
1.63E 01
1.19€ 00
4.06E 01
6.62E 03
1.02E 01
5.98E~-01
1.08E~12
1.59€-01
1.96E-05
4.95E~-03
4.37E-03
5062E‘°2
3.65E-01
5.88E~-04
2.16E-02
T.60E-10
S5.21E 01}
5.51€ 00
1.85E-G2
0.0
4.0CE 00
1.17E 01
3.88E-01
1.7CE~-10
2.37E-08
0.0
0.0
5.87E-18
2.23E 02
70755’06
1.73€E 02
3.92E 02
2.,30E-05
1.30E-0Q4

329717,

1096.D
2.81E-02
1.36E 01
3.05E-17
1.54E-03
5.27E 01
2.31E 02
1.22€E-02
1.27E-01
T.17E-04
2.47E-01
0.0
0.0
1.01E-02
4,57E-05
3.32E~06
1.02€ 01
1.66E 03
1.38E 00
8.06E-02
0.0
1.44E-01
T.T6E-10
2.48E-09
3.80E-08
5.52E-02
6.,33E~-03
T.74E-05
4.65E-06
0.0
3.12E 01
3.31€ 09
1.85E-02
0.0
3.83E-02
1.12E-01
1.31E-07
1.54E-07

3E 02
SE 02
4E 02

OOWROMOODOD
OONdOO=~ODODDOO0O

MWD/MT,

{PROCESSED AT 30 DAYS)

FLUX=

3652.0
1.90E-02
B.66E 00
0.0
2.47TE-18
4,44E 01
1.,95€ 02
1.00E-15
1.85€8~13
1.04E~-15
3.59E-13

oZSE‘O3

QQO M OY =D O0 OO0

l1.84E-02
0.0

3.35E~-09
9.80E-09

6E 01

0E 02
8F 02

OOWMHMOMFROOOOO0OD0O

® ® & & B 2 & 6 B 0 0 0

QO MMPIODDOOCDOO

2.65E 15 N/CM**2-SEC

36525.0
1.19E~-04
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0.0
0.0
4.82E 00
2.11E 01
0.0
c.0
0.0
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WATTS / METRIC TON FUEL CHARGED TO REACTOR

365250.0
0.0
0.0

E-09
E-09

~N O

*

.
O0O0OO0OOO®™»HOO

0E-02

OO NOODOOODOODOODOUOOPOODOOOONOOOONOODDOOO

6E-23

5E-06

® o & & ©® o 9 @& o

*

3E-02

€-08
E-08

oW

COWMOCOOO0OOOOVOOODAODOOIOOEVOOONOOOOOOOMOO0O0OD00HIHOO

a & & 8 ¢ e ¢ & & O 5 & ¢ s ¢ 4 s 0 o



AT REFERENCE OXIDE LMFBR — WASTE DECAY TIMES

3-41

Table 3.35 (Continued)

{PROCESSED AT 30 DAYS)

2.65E 15 N/CM*%2-SEC

3652.D 36525.D 365250.D

3E-03
1E~18

“~OOOODOP,POHIODOODOOOO

2E-02

POWFR= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX=
NUCLIDE THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 30.D 365.D 1096.D
CEl4l 0.0 2.91E 03 2.25E 00 3.63E-07 0.0
PR143 0.0 1.40E 03 6.01E-05 5.20E-21 0.0
CEl44 0.0 1.12E 03 4.95E 02 8.,31E 01 1.62E5-01
PR144 0.0 9,50 03 4.20E 03 7.05E 02 1.38E 00
ND147 0.0 5«18F 02 4.,26E-C7 0.0 0.0
PM147 0.0 1.82E 02 1.44E 02 8.,46F (01 1.33E 01
PM148 0.0 4.03E 01 1.08E-Gl 6.28E-07 0.0
PM149 0.0 1.54E-C1 0.0 0.0 0.0
SM151 0.0 8.18E 00 8.,12E 00 7.99€ 00 7.56E 00
EUl52 0.0 1.286-01 1.21E~01 1.08E-01 7.21E-02
EUl54 0.0 9.,14E 00 B.79E 00 8.06E 00 S5.95E 00
EUl55 0.0 6.68E O1 4.70E 01 2.19E O1 1.50E 00
EUls56 0.0 3,23F 02 6.12E-05 1,31E-19 0.0
TB160 O.C T.96E 01 3,1BE 00 2.82E-03 6.00E-14
T8161 0.0 1.48E CO 3.59E-15 0.0 0.0
GD162 0.0 1.50E O1 7.96E 00 1.99E 00 1.55E-02
TBl62M 0.0 2.96E O1 1.57€ 01 3,91E 00 3.06E-02
SUBTOT 0.0 B8,03F C4 1.38E 04 3.,58E 03 7.66E 02
TOTALS 0.0 B.03E 04 1.38E 04 3,58F 03 7.66F 02

8.72E 01

3.41E-02
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Table 3.36.
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Calculated Thermal Power of Fission Product Elements Present
in Spent IMFBR (AI Reference Oxide) Fuel and in the Wastes Generated
by the Reprocessing of This Fuel

(PROCESSED AT 30 DAYS}

2.65E 15 N/CM*%*2-SEC

365250.0
0.0

CODDPPOIDOOYNDWIODIONOOOD

6E-23

TE-04
3E-02

5e-C5

1E-04
0E-08

E-03
E-18

SODOHNOOODOWNONMOMM HONOOOO
[l

POWER= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX=
ELEMENT THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 30.D 365.D 1096.0 3652.0 36525.D

H 0.0 3.31E~02 3.15E-02 2.81E-02 1.90E-02 1.19E-04
IN 000 1.64E‘°5 0.0 000 000 0.0

GA 0.0 3,32E-04 0.0 0.0 0.0 0.0

AS 0.0 1.24E-06 0.0 0.0 0.0 0.0

SE 0.0 1.49E~05 1.49E-05 1.49E-05 1.49E~-05 1.49E-05
BR 0.0 3.40E'°6 0-0 0.0 0.0 000

KR 0.0 1.64E 01 1.55E 01 1.,36F 01 B8.66E 00 2.63E-02

RB 0.0 4,81F 00 1.90E-05 7.18E-09 7.18E-09 T.18E-0Q
SR 0,0 2.35E 03 8,18E 01 5.27E 01 4.44E 01 4.82E 00
Y 0.0 3.75€ 03 3.11E 02 2.31E C2 1.95E G2 2.11F 01
IR 0.0 1.10E 04 3.08E 02 1.27E-0C1 1.69E-04 1.69E-04
N8 0.0 1.28% 04 6.03FE 02 2.48FE-01 1.07E-04 2.52E-04
MO 0.0 B.11E ©0 0.0 0.0 0.0 0.0

TC 0.0 1.47E 00 1.01E-02 1.01E-02 1.01E-02 1.01E5-02

RU 0.0 5.82E 03 5.69E 01 1.02€E €1 8.18E-02 0.0

RH 0.0 1.295 04 6.62E 03 1.66E 03 1.33E 01 0.0

PD N.0 2.86E-09 0.0 0.0 0.0 0.0

AG C.0 S+72F 01 1.08E 01 1.46E 00 1.33E-03 0.0

co 0.0 1,278 €0 1.64E-01 1.44E-01 1.02E-01 1.18E-03
IN 0.0 9.71E-03 8,2GE-05 3.25E-09 0.0 0.0

SN 0.0 4.31FE 01 4.26E-01 6.30E-02 5,.27E-02 2.37E-02
SB C.0 B.58E 01 5.21E 01 3.12E C1 5,195 00 1.94E-02

TE 0.0 94,26E 02 2.20FE Ol 3.46E 09 5.49E-01 5.08E-11
1 0.0 6.40E 02 2.35E-05 2.35E-05 2.35E-05 2.35E-05
XE C.0 8.63E 01 2.37€~C8 0.C C.0 0.0

CcS 0.0 9.25E 02 3.96FE 02 2.78F 02 1.51F 22 1.75E 01
BA 0.0 2.16E 03 3,92E 02 3,74E 02 3.18BE D2 3.98€ 01
LA 0.0 9.98E 03 1.,30E-04 0.0 C.0 0.0

CE 0.0 4,03F 03 4.97E 02 8.31E 01 1.62E~C1 C.0

PR 0.0 1.09E 04 4.20F 03 7.05E 02 1.38E 00 0.0

ND 0.0 5.18E 02 4.,26E-07 0.0 .0 0.0

oM™ 0.0 T7.49E 02 1.46F 02 B.46E 01 1.33E 01 6.05F-1C
SM .0 B.19E 00 8.12E 00 T7.99E 00 7.56E 00 3.69E 00
EVU C.0 3.99E 02 5.598 01 3.0CE 01 7.52E 00 1.21E-01
GD 0.0 1,50F 01 7.96E CO 1.99F 00 1.55E-02 0.0

T8 0.0 1.11€ G2 1.88E C1 3,92 00 3.06E-02 0.C

DY o-o 50195‘0‘ 0.0 0.0 000 000

HO 0.0 4.01E-03 0.0 0.0 G.0 0.0

TOTALS 0.0 8.03E 04 1.38E 04 3.58E 03 T.66F 02 8.7T2E O1

3.41€E-02
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and thermal power, respectively, for individual isotopes; the same data,
summed for each fission-product element, are given in Tables 3.32, 3.3L,

and 3.36 respectively.

Actinides. - Tables 3.37 through 3.L2 present the calculated masses,
radioactivity, and thermal power of important actinides in the fuel, com-
piled for each isotope and summed for each element; Tables 3.L2 through
3.18 present comparable data for the waste. In making the calculations
for the waste, we assumed that reprocessing occurs 30 days after the fuel
is discharged from the reactor and that 0.5% of the uranium and 0.5% of

the plutonium in the spent fuel appear in the waste,

Cladding. - Tables 3.49 through 3.5l present the calculated masses,
radioactivity, and thermal power of neutron-induced activation products
of the oxygen, stainless steel, and sodium in the cladding of the mixed
core and blankets. These data include only the cladding in the zones
exposed to neutrons, and assume a 0,00l-in,-thick layer of sodium at the
fuel-cladding interface. In addition to the neutron-induced isotopes
calculated here, ORNL hot-cell experience indicates that about 0.03% of
the plutonium in the core and blankets may be assoclated with the

cladding.7

3.4. Shipments of Spent Fuel

Spent nuclear fuel will continue to be shipped, as at present, from
reactors to a processing plant in large shielded casks. Cask sizes will
tend to become larger to permit higher payload ratios and to minimize
the shipping cost. Sizes in the 100- to 120-ton range are anticipated.
Most shipments will be carried by rail; barges and trucks will be used
to a lesser extent. Although transportation by barge is economical,
water routes between reactor and processing plant sites are not always
available. Shipments by truck are relatively expensive because the cask

weight in this case is limited to about 30 tons.

The anticipated growth of the shipping industry from 1970 to 2020
is indicated in Table 3.55. The figures are based on Phase 3, Case L2

of the SATF study, which assumes an LWR-LMFBR nuclear economy, and are,
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Table 3.37. Masses of Actinide Isotopes Calculated to Be Present in
Spent IMFBR (AL Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR - FUEL DECAY TIMES
POWER= 58.23 MW/MT, BURNUP= 32977. MWD/MT, FLUXz 2.65E 15 N/CM**2-SEC

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 30.0 60.D 90.0 150.0 365.D

TH228 0.0 4,91E-07 5.78BE-07 6.,r3E-07 T.78E-07 1.01E-06 2.05E-06
TH229 0.0 1.,17E-08 1.20€-08 1.22F-08 1.25E-08 1.31E-08 1.51E-08
TH230 0.0 1. 71E-05 1.89€E~05 2,09E-05 2.29E~-05 2.73E-05 4.63E-05
TH231 0.0 4.99E-09 5.74E-11 5.74E-11 5.74E-11 5.74E-11 5.75E~11
TH232 0.0 1,08E-06 1.16E-06 1.,25E-06 1.34E-05 1.52E-06 2.17E-06
TH233 0.0 1. 76E-12 0.0 0.0 0.0 0.0 C.0
PA231 0.0 5.89E~07 5,94E-07 5,95E-07 5.9TE-07 5.99E-07 6.07E-07
PA232 0.0 4.11E~10 5.92€-17 0.C 0.0 0.0 0.0
PA233 0.0 2.81E-09 1.32E-09 6.16FE-10 2,89E-10 6.33E-11 2.75E-13
PA234M 0.0 2.T76E-16 0.0 0.0 0.0 0.0 0.0
PA234 0.0 9.12E-14 0.0 0.0 0.0 0.0 0.0
U232 0.0 le24E=04 1.40E-04 1.,55E-04 1.69E-04 1.97E-04 2,.89E-04
U233 0.0 B.04E-04 B.04E-04 8,04E-04 B.04E~04 8.04E-04 8.04E-04
U234 0.0 8.04E 00 8.,46E 00 8.88E 00 9.30FE 00 1.01E 01 1.32E 01
U235 1.46E 03 1.42E 03 1.,42E 03 1.42E 03 1.42FE 03 1.42E 03 1.42E 03
U236 0.0 3.75E 01 3.77E 01 3.79E 01 3.80F 01 3.83E 01 3,95E 01
U237 0.0 2.28F 00 1,05E-01 4.81E-03 2.,21E-04 4.65E~07 1.20E-16
U238 9,20€ 05 8.77E 05 8,77E 05 8,77E 05 8.77E 05 8,77E 05 B,77E 05
U239 0.0 1.48E 00 0.0 0.C 0.0 0.0 0.0
NP236 0.0 5.01E-06 7.05F-16 0.0 0.0 0.0 0.0
NP237 0.0 1.24E 02 1.26E 02 1.,27E 02 1.27E 02 1.27E 02 1.27E 02
NP238 0.0 9,06E~02 4.54E-06 2.32E~-1C 1.19E-14 2.98E-23 0.0
NP239 0.0 2.13E 02 3.10E-02 2,18E-04 2.13E-04 2.12E-04 2.13E-04
PU236 0.0 T+84E-04 T.T2E-04 7.56E-04 T.41E-04 T.12E-04 6.17E-04
PU238 9.40E 02 6.,62E 02 6.64E 02 6.65F 02 6.,68E 02 6.7T1E 02 6.74E 02
PU239 4.69E 04 5.73E 04 5,.75E 04 5,75E 04 5.75E 04 5.75E 04 5.75€E 04
PU240 1.88E 04 1.93E 04 1.93E 04 1.93E 04 1.93E 04 1.93E 04 1.93E 04
PU241 9.43E 03 5.28E 03 5.25E 03 5.23E 03 5.21F 03 5.,16E 03 5.00€ ©3
PU242 3.17E 03 3.26E 03 3.26F 03 3.26E 03 3,26E 03 3,26E 03 3,26E 03
PU243 0.0 1.68E-01 0.0 0.0 0.0 0.0 0.0
AM241 0.0 4,61E 02 4.B4E 02 5.C7TE 02 5.29E 02 S5.75E 02 7.34E 02
AM242M 0.0 8.92E 00 8.91E 0C 8.91E 00 B8.91E 00 8.90E 00 8,88E OO0
AM242 0,0 1,76E~01 1.07E-04 1.07E-04 1.07E-04 1.07E-04 1.0TE~-04
AM243 0.0 2.57E 02 2.,58E G2 2.58E 02 2.58E 02 2.58E 02 2.58F 02
AM244 0.0 1.78E-03 0.0 0.0 0.0 0.0 0.0
CM242 0.0 2423E 01 1.98E 01 1.74E 01 1.53E 01 1.19E 01 4.78F 0OC
CM243 0.0 8.42E-01 B8.40E-01 8.395-01 B.37E~-01 8.34E-01 B8.24E-01
CM244 0.0 1.53E 01 1.53E 01 1.53E 0l 1.52E 01 1.51E 01 1.48E 01

SUBTOT 1.00E 06 9.66F 05 9.66E 05 9.66E 05 9.66E 05 9.66E 05 9,66E 05
TOTALS 1.00E 06 9.66E 05 9.66E 05 9.66E 05 9.66E 05 9.66E 05 9,66E 05

Table 3.38. Masses of Actinide Elements Calculated to Be Present in
IMFBR (AI Reference Oxide) Fuel and in the Wastes Generated by the
Reprocessing of This Fuel

A1 REFERENCE OXIDE LMFBR - FUEL DECAY TIMES
POWER= 58.23 MW/MT, BURNUP= 32977, MWD/MT, FLUX= 2.65E 15 N/CM**2-SEC

ELEMENT CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR

CHARGE DISCHARGE 30.D 60.D 90.D 15C.D 365.0D
TH 0.0 1.86E-05 2.07E-05 2.28E-05 2.51E-05 2.,99E-05 5.05E-05
PA 0.0 5.92E-07 5.96E-07 S5.96E~07 5.97E-07 5.99E~07 6.07E-07
u 9.21E 05 B8.79E 05 B.79E 05 8.79E 05 8,79E 05 B8.79% 05 8.79E 0%
NP 0.0 3.38E 02 1.26E 02 1.27E 02 1.27E 02 1,27E 02 1.27E ©2
PU 7.93E 04 8.58E 04 B8.60E 04 8.60F 04 8.60FE 04 B8.59F 04 8,58F 04 .
AM 0.0 T+27E 02 T7.50E 02 7.73E 02 7.96FE 02 8.41E 02 1.00E 03
(o] 0.0 3,858 01 3.59E Ol 3.35E Ol 3.14E 01 2,78 01 2.04F 01

TOTALS 1.00E 06 9.66E 05 9.66FE 05 9.66EF G5 9.66E 05 9.66E 05 9,66E 05
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Table 3.39. Calculated Radioactivity of Actinide Isotopes Present in
: Spent IMFBR (AI Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR — FUEL DECAY TIMES
POWER= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2.65E 15 N/CM**2-SEC

NUCLIDE RADIOACTIVITY, CURIES /7 METRIC TON FUEL CHARGED TQ REACTOR
CHARGE DISCHARGE 30.D 60.D 90.D 150.D 365.D

TH228 0.0 4.03E-04 4.74E-04 5.53E-04 6.,39E-04 B8.29E-04 1.6BE-03
TH229 0.0 2.50E~09 2.56E-09 2.62E-09 2.68BE-09 2.80E-09 3.22F-09
TH230 0.0 3.,31E-07 3.68E-07 4.,06E-07 4.46E-07 5.32E-07 8.99E-07
TH231 0.0 2.65€6-03 3,04E~05 3,.04E-05 3.05E-05 3.05E-05 3.05E-05
TH232 0.0 1,18E-13 1,27E-13 1.37€~13 1.47E-13 1.66E-13 2.38E-13
TH232 0.0 5.45E-05 0,0 0.0 0.0 0.0 0.0
PA231 0.0 2.80E-08 2,.83E-08 2.84E-08 2.84E-08 2.85E-08 2.89E-08
PA232 0.0 1.75E-04 2.52E-11 0.0 0.0 0.0 0.0
PA233 0.0 S T5E~05 2.69E-05 1,26E-05 5,90E-06 1.29E-06 5.62F-09
PA234M 0.0 1.90E-07 0.0 0.0 0.0 0.0 0.0
PA234 0.0 1.81E-07 0.0 0.0 0.0 0.0 0.0
U232 0.0 2.66E-03 2.99E-03 3.31€E-03 3,62E-03 4.23E-03 6.20E-03
U233 0.0 Te62E=06 T,H2E-06 T.62E~06 T.62E-056 T.H62E-06 T.62E-06
U234 0.0 4.98E-02 5.23E-02 5.49E-02 5.75E-02 6.27E-02 B8.15E-02
U235 3.126-0%5 3.04E-05 3.04E-05 3.04E-05 3.05E-05 3.C5E-05 3.05E-05
U236 0.0 2,38E~03 2,39E-03 2.40E-03 2.41E-03 2.43E-03 2.50E-03
V237 0.0 1.86E 05 8.54E 03 3,92E 02 1.80E 01 3.80E-02 9.80€E-12
U238 3.,06E-01 2.92E-01 2.92E-01 2.92€-01 2,92E-01 2.92E-01 2.92E-01
U239 0.0 4,97t 07 0.0 c.0 0.0 0.0 0.0
NP236 0.0 3.03E €0 4.26E-10 0.0 0.0 0.0 0.0
NP237 0,0 8.75€-02 8.91F-02 8.92E-02 8.93E-02 B8.94F-02 8.98E-02
NP238 0.0 2+37E 04 1.19E 00 6.07E-05 3.11E-09 7.79E~18 0.0
NP239 0.0 4.96FE 07 7.22E 03 5.06E 01 4.96E C1 4.96E 01 4.96E 01
PU236 0.0 4.17E-01 4.10E-01 4.,02E-01 3.94E-01 3.79€E-01 3.28E-01
PU238 1.59E 04 1.12F 04 1.12E 04 1.13E 04 1.13E 04 1.13E 04 1.14E 04
PU239 2,.88E 03 3,52 03 3,53F 03 3.53E 03 3,53E 03 3.53E 03 3.53E 03
PU240 4.14E 03 4.26F N3 4,26FE 03 4.,26E 03 4.26E 03 4.26E 03 4.26E 03
PU241 1.08E 06 6.,02F 05 6.00FE 0% 5,97E 05 5,95E 05 5.89E 05 5.71E 05
PU242 1.,24FE 01 1.27E O1 1.27E 01 1.,27E 01 1.,27E Ol 1.27E Ol 1.27E 01
PU243 0.0 4.36E 05 0.0 0.0 0.0 0.0 0.0
AM241 0.0 1.49E 03 1.57E 03 1.64E 03 1.72E 03 1.86E 03 2.38E 03
AM242M 0.0 B«6TE 01 B.6TE 01 B8.,66E 01 8.66E 01 8.65E 01 8.63E 01
AM242 0.0 1l.42F 05 8.67E Cl B.68E Q1 B.66E 01 B8.65E Ol 8.63E Q1
AM243 C.O 4.95E 01 4.96E 01 4.96F 01 4.96E 01 4.96FE 01 4.96E 01
AM244 0.0 5.28% 04 C.0 0.0 0.0 0.0 0.0
CM242 0.0 T.40E 04 6.55E 04 5.77€ 04 5.08E 04 3.94E 04 1.58F 04
CM243 0,0 3.87E 01 3,86E 01 3.B6E 01 3.85E 01 3.84F 01 3.79F 01
CM244 0.0 1.24E 03 1.24E 03 1.24E 03 1.23F 03 1.22E 03 1.20E 03
SUBTOT 1.10E 06 1.01FE 0B 7.03E 05 6.77E 05 6.68E 05 6.51F 05 6.10F G5

TOTALS 1.10E 06 1.01F 08 7.03E 05 6.77E 05 6.68E 05 6.51E 05 6.10F 05

Table 3.40. Calculated Radicactivity of Actinide Elements Present in
Spent IMFBR (AI Reference Oxide) Fuel

A1 REFERENCE OXIDE LMFBR - FUEL DECAY TIMES
POWER= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2,65E 15 N/CM**2-SEC

ELEMENT RADIOACTIVITY, CURIES / METRIC TON FUEL CHARGED TO REACTOR

CHARGE DISCHARGE 3C.0D 60.D 90.D 15¢.0 365.D
™ 0.0 3.12E-03 5.,05FE~-04 5,84E-04 6.70E-04 8.60E-04 1.71E-03
PA 0.0 2.33E-04 2,.T0E~-05 1.265-05 5.93E-06 1.32E-06 3.45E-08

u 3.06E-01 4,995 Q7 B.54E 03 3,93E 02 1.84F 01 4.00E-01 3.83E-01
NP 0.0 4,97€E C7 7.22E 03 5,07E 01 4.97E Ol 4.97E 0l 4.96E 01
PU 1.10F 06 1.06E 06 6.19E 05 6.16F 05 6.14E 05 6.08F 05 5.90F 05
AM 0.0 1.97€ 05 1.79F 03 1.86E 03 1.94E 03 2.08E 03 2,6CFE 03
c™ 0.0 7.52E 04 6.68E 04 5.90E 04 5.21E 04 4.06E 04 1.71F 04

TOTALS 1.1CE 06 1,01€ 08 7.03E 05 &4.77E 95 6.68E 05 6.51E 05 6.10E 05
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Table 3.41. Calculated Thermal Power of Actinide Isotopes Present in
Spent IMFBR (AL Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR - FUEL CECAY TIMES
POWER= 58.23 MW/MT, BURNUP= 32977, MWD/MT, FLUX= 2.65E 15 N/CM*%2-SEC

NUCLIDE THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE DISCHARGE 20.0 60.D 90.0 150.0 365.D

TH228 0.0 1. 32E=05 1455E-C5 1.81E-05 2.09E-0% 2.72E-05 5.51E-05
TH229 0.0 Te565=11 To74E=-11 7.92E-11 3,10E-11 8.465-11 9.74E-11
TH230 0.0 9. 37E~09 1404E=08 1.15E-0B 1.256E-C8 1,50E~08 2,54E-08
TH231 0.0 3,665=06 4£,20E~-08 4.21E-08 «,21E-C8 4.,21E-08 4,21E~-08
TH232 0.0 2.34E-15 3,08Ff=15 3.31E-15 3.55E-15 4,02E-15 5.75E~15
TH233 0.0 le€1E-07 0.0 0.0 0.0 0.0 0.0
PA231 0.0 BeE6E=10 B8464E-10 B+466E-10 B.67E-10 8,71E~10 8.82E~10
PA232 0.0 5.825-07 B8.38E-14 0.0 0.0 0.0 0.0
PA233 0.0 1.46E-07 6.84E~-C3 3.20E-08 1+50E-(8 3,28E-09 1.43E-11
PAZ234M 0.0 9.78E-10 0.0 0.0 0.0 0.0 0.0
PA234 0.0 1. 83E~09 0.0 0.0 0.0 0.0 0.0
U232 0.0 8.55E=05 3.60FE-05 1,06E-04 1.16E-04 1l.36E-04 1.995-04
U233 0.0 2.22E=07 2.22E=07 2422E=0T7 2422E-C7 2.22F-07 2.22E-07
U234 0.0 1.43E~03 1.51E=-03 1.58E-03 1.56E-03 1.81E~03 2.,355-03
U235 8.67E-07 8.455-07 8,455-07 B8445E-07 8.45E-C7 B8.45E-07 8.46E-07
u236 0.0 e 45E=05 6,48E~05 €.51E=05 5.53E=C5 6.59E-0F £.79E-05
U237 0.0 3.9GF 02 1e€3F Cl Be42E-01 3.87E-02 8.15E~05 2.10E-14
U238 T7475E=03 T7e39E-03 7¢29E-03 Te33E-03 7.39E-C3 7.39E~03 7.35E-03
U239 0.0 1.18E 05 0.0 0.0 0.0 0.0 0.0
NP235 0.0 £.542-03 1.20F-12 0.0 0.0 0.0 0.0
NP237 0.0 C.0 0.0 0.0 0.0 0.0 0.0
NP238 0.0 1.22f 02 6.,13E-03 3.14F-07 1.60E~11 4,02E-20 0.0
NP239 0.0 1.47E 05 2414E 01 1.50E-0l 1.47E-01 1.47E-01 1.47€-01
PU236 0.0 le45E=02 1.43E~C2 1+40E-02 1.37E-02 1.32E-02 1l.14E-02
PU238 5.26E 02 3. 70F 02 3.72F 02 3.73EFE 02 3.74E €2 3.75E 02 3.77€ 02

PU239 8.95E 01 1.09F 02 1.10F C2 1.10FE 02 1.10E C2 1.10E 02 1.10E 02
PU240 1429E 02 14335 02 1.33F 02 1le33E 02 1.33E 02 1.33E 02 1.33F 02
PU241 4.47E Ol 2,508 01 2.49FE 0l 2.48E 01 2.47E Ol 2.45E 01 2.37€ 01
PU242 3,65E~01 34.76E=01 3.76E~-01 3,76E-01 3.76E~C1 3.76E-01 3.76E~-01

PU243 0.0 €.21E 02 0.0 0.0 0.0 0.0 0.0

AM241 0.0 44985 01 5.,23E 01 5.48E 01l 5.72E Cl 6.21FE Ol 7.93E 01
AM242M 0.0 264TE-02 244TE=02 264TE-02 2446E-02 2.46E~02 2.46E-02
AM242 0.0 1.90E 02 lel6E-Cl 1.16E-01 1.16E=01 1.15E-01 1.15E-01
AM2643 0.0 1.60E 00 1.60F 00 1l.60E 00 1.60E 00 1.60E 00 1.60F 00
AM244 0.0 l1.58E 02 0.0 0.0 0.0 0.0 0.0

CM242 0.0 2.73E 03 2.42E 032 2.13E 03 1.87E 03 1.,45E 03 E.83E 02
CM243 0.0 le41% 00 1.41F 00 1le4%41E 00 1.41E 00 1.40E 00 1.38E 00
CM244 0.0 4e35E Ol 4434FE 0l 4432E Ol 4.31E Ol 4.28E 0Ol 4.15E 01
SUBTOT 7.89E 02 2.70F 05 3.19F C3 2.87E 03 2.62E 03 2,20E 03 1.35F 03

TOTALS 7.89E 02 2.70Z 05 3.15E 03 2.87E 03 2.62E C3 2.20E 03 1.35E 03

Table 3.42. Calculated Thermal Power of Actinide Elements Present in
Spent IMFBR (AI Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR - FUEL CECAY TIMES
POWER= 58,23 MW/MT, BURNUP= 32977, MWD/MT, FLUX= 2,65FE 15 N/CM**2-SEC

ELEMENT THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TQ REACTOR

CHARGE DISCHARGE 30.C 60,0 S0.D 150.D 365.D

TH 0.0 1. 70E-05 1.56E-05 1.B2E-05 2.10E~05 2.72E-05 5.52E-05
PA 0.0 Te31E~07 6492E-08 3,29E-08 1.59E=C8 4,16E-09 8.,97E~10
U T7«.75E-03 1.18E 05 1.83E 01 8451E-01 4.79E-C2 9,48E-03 1.00E-02
NP 0.0 1e47E 05 2414F Ol 1450E-01 1447TE-01 1e47E-01 1.47E-01
PU TeBIE 02 1.26E 03 6439E €2 6440E 02 6441E 02 6.42E 02 6.43E 02
AM 0.0 4.,09E 02 5.,40F Ol 5.65E 0l 5.90E 01 6.39E Ol 8.11E 01
M 0.0 2+ T7E 03 2.46E 03 2.1TE 03 1.92E 03 1.,50E 03 6.26F 02

TOTALS 7.89E 02 2.70€ 05 3.,19E 03 2.87E 03 2.62E 03 2.20£ 03 1.35E 03
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Table 3.43. Masses of Actinide Isotopes Calculated to Be Present in
Wastes Generated by the Reprocessing of Spent IMFBR
(AT Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR - WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 58.23 MW/MT, BURNUP= 32977. MWD/MT, FLUX= 2.65E 15 N/CM**2-SE(

NUCLIDE CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 30.D 365.D 1096.D 3652.D 36525.D0 365250.D

TH228 0.0 5.7BE-07 44,22E-C7 2.33E-07 1.06E-07 4.76E-08 8.27E-12
TH229 0.0 1.20€6-08 1.,2CE-08 1.20E-08 1,21E-08 1.35E-08 2,70E-08
TH230 0.0 1.89€E-05 1.91E-05 2.07E-05 4.09E-05 1.9BE-03 €,.64E~C2
TH231 0.0 5.74E-11 2.87E-13 2.88E-13 2.90E-13 3,2CE-13 6,21E-13
TH232 (0.0 1.16F-06 1.17E-06 1.18E-06 1.23E-06 3,21E-06 1.61F-04
TH233 0.0 0.0 2.0 0.0 C.0 0.0 0.0
PA231 0.0 5094E=0T 5.,95E~07 S5.95E~07 5.95E-07 6.01E~07 6.89E-07
PA232 0.0 5.92€-17 0.0 C.0 0.0 C.0 0.0
PA233 0.0 1.32E~09 2.75E~13 2.56E-21 CG.0 C.0 0.0
PA234M 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PA234 (0.0 0.0 0.0 6.0 0.0 0.0 0.0
U232 0.0 6.98E-07 1.45E-06 2.58BE-06 3,87E-06 1.78E~06 3.09E-10
U233 0.0 4.02E-06 4.02E~06 4.,02E-05 4.02F-06 4.02E-06 4.00E-C6
U234 0.0 4.23E-02 1.29E-01 4.53E-01 1.63EFE 00 1.29E 01 2.92E 01
U235 1.46E 03 7.10F 00 7.11F 00 7.13E 0O 7.18E 00 7,.,91€ 00 1.54E Ol
U236 0.0 1.88E-01 1.97E~01 2.17€-01 2.87E-01 1.27E 00 1.09E 01
U237 0.0 5.23E-04 6.00E-19 G.0 0.0 0.0 C.0
U238 9.20FE 05 4.39E 03 4.39E G3 4.39F 03 4,.39E 03 4.39F 03 4,39F 03
U239 0.0 0.0 0.0 0.0 C.0 0.0 0.0
NP 236 0.0 7.05€E-16 0.0 0.0 0.0 0.0 C.0
NP237 0.0 1.26FE 02 1.2T7E 02 1.28E 02 1.34F 02 1.96E 02 S.17E 02
NP238 0.0 4.54E-06 0.0 0.0 0.0 0.0 0.0
NP239 0.0 3.106-02 2.13E~04 2.13E-04 2.13E-04 2.11E-04 1.95E-04
PU236 0.0 3.86E-06 3.09E-C6 1.90E-05 3.46E-07 1.,08E-186 0.0
PU238 9.40E 02 3.32F 00 1.80E Ol 2.22E 01 2.15E 01 1.23E Ol 1.11E-01

PU239 4,69E 04 2.88E 02 2.88F 02 2.88F 02 2,.88E 02 2.90F 02 3.02E 02
PU240C 1.88E 04 9.65E 01 9.70F 01 9.81FE 01 1.01€ 02 1.10F 02 1.01E 02
PU241 9.43E 03 2.63F 01 2.50E 01 2,25F 01 1.55E Ol 1.2BE~01 1.84E-22
PU242 3.17E 03 1.63E 01 1.63E 01 1.63F C1 1.64E 01 1.69E 01 1.79E 01

PU243 0.0 0.0 0.0 0.0 0.0 C.C0 0.0

AM24]1 0.0 4.84F 02 4.84E 02 4.,85E 02 4.8B7E 02 4.39F 02 1,12E 02
AM242M 0.0 8.91E 00 8.88E DO B8.80F 00 8.52E 00 5.65E 00 9.33E-02
AM242 0,0 1.07E~04 1.07E-04 1.06E-04 1.02E-04 6.79E-05 1.12E-06
AM243 0.0 2.58E 02 2,.58E 02 2.58E 02 2.57E 02 2.55E 02 2,35E 02
AM244 C.0 0.0 0.0 0.0 0.0 0.0 0.0

CM242 0.0 1.98E 01 4.78E 00 2.34E-C1 2.06E-02 1.36F~-02 2.,25E-04
CM243 0.0 8.40E-01l 8.24E-01 7.89E-01 6.78E-01 9.65E-02 3.29E-10
CM244 0.0 1.53€ 01 1.48E 01 1.37E 01 1.05E 01 3.33E-01 3,.60E~-16
SUBTOT 1.00E 06 S.T4E 03 5.74E 03 5.T4E 03 S5.74E 03 5.T4E 03 5,74E 03

TOTALS 1.00E 06 5.74E 03 S5.74E 03 S5.74E 03 5.74F 03 5.74E 03 5.74E 03

Table 3,4Li. Masses of Actinide Elements Calculated to Be Present in
Wastes Generated by the Reprocessing of Spent IMFBR
(AT Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR - WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 58,23 MW/MT, BURNUP= 32977. MWO/MT, FLUX= 2.65€ 15 N/CM*%2-SEC

ELEMENT CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR

CHARGE 30.D 365.D 1096.0D 3652.0 36525.D 365250.D
TH 0.0 2,07€-05 2,07E-05 2.21E-05 4.22E-05 1,98E-03 6.65E-02
PA 0.0 5.96E~0T7 5.95E~0T7 5.95E-07 5.95E-07 6.01E-07 6.89E-C7
U 9.21E 05 4.39E 03 4.39E 03 4.39E 03 4.40F 03 4,.41FE 03 4.44E 03
NP 0.0 1.26E 02 1.27€ 02 1.28E 02 1.34E 02 1.96E 02 5.17€ 02
PU Te93E 0% 4.30FE 02 4.44E 02 4.4TE 02 4.43E 02 4,29E 02 4.21F 02
AM 0.0 T«50€E 02 7.51E 02 7.52E 02 7.53E 02 7.00E 02 3.48& 02
CcM 0.0 3.59€ 01 2.04E 01 1.47E Ol 1.12E Ol 4.43E-01 2,25E-04

TOTALS 1.00E 06 5.74E 03 5.74E 03 S.74E 03 5.74E 03 5.74E 03 5.74E 03



Table 3.L45.

A1 REFERENCE OXIDE LMFBR - WASTE DECAY TIMES

3-48

Calculated Radicactivity of Actinide Isotopes Present in
Wastes Generated by the Reprocessing of Spent LMFBR
(AT Reference Oxide) Fuel

(PROCESSED AT 30 DAYS)

POWER= 58,23 MW/MT, BURNUP=

32977.

MWD/MT,

NUCLIDE RADIOACTIVITY, CURIES / METRIC TON
CHARGE

TH228
TH229
TH230
TH231
TH232
TH233
PA231
PA232
PA233
PA234M
PA234
U232
u233
U234
U235
U236
U237
U238
U239
NP236
NP237
NP238
NP239
PU236
PU238
PU239
PU24C 4.14E
PU241
PU242 1.24E
PU243 O
AM241 O
AM242M O
AM242 ©
AM243 O
0
0
0
0

1
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AM244
CM242
CM243
CM244
susTOoT 0E

TOTALS 1.10F

Table 3.L46.

Al REFERENCE OXIDE LMFBR - WASTE DECAY TIMES

2E~

6E~

05

ol

06

06

30.0
G0 T4E~04
2+.56E-09
3.68E-07
3.04E-05
1.27E-13

0.0

2.83E-08
2.52E-11
2.69E~-05

0.0
0.0

1.50E-05
3,81E-08
2.62E-04
1.52E-07
1.20E-05

4.27E

o1

1 066E'03

0.0

4426E~-10
8.91E-02

1.19E
T.22E

00
03

2.05£-03

5.61E
1.76E
2.13E
3.00E

01
01
01
03

6.36E-02

0.0

1.57€
8.67E
8.67F
4496
0.0

6.55E
3.86E
1.24E
7.90€

T.90E

04

36
3.47E
2.56E
3.71E
1.52€
1.28E
0.0
2.83E
0.0
5.62E
0.0
0.0
3.10E
3.81E
8.0CE
1.52E
1.25E
4.90E
1.46E
0.0
0.0
8.96E
0.0
4.96E
1.64E
3.04E
1.77E
2.14¢
2.86E
6.36E
0.0
1.57€
8.63E
8.63E
4.96E
0.0
1,58E
3.79E
1.20E
2.21E

2.21E

5.0
=04
-09
-07
=07
-13

-08

-09

-05
-08
=04
-07
=05
-14
-03

-02

01
-03
02
ol
o1
03
-02

Ca

1096.D
2.57€-09
4.02E-07
1.53E-07

1.29E-

0.0

2.83E-

13
08

2,80E-03

1.53€-

07

1.38E-05

0.0

1.46E~-03

O0OO000

O.
0.
9.
0.

4.95E

6E~-

02
01

1.01€-03

3.75E
1.77€
2.16E
2.57E

6.37E~

0.0

1.57E
B.,55F
8.55E
4.95F
0.0

TeT4E
3.63F
1.11€
6.T4E

6.T4E

02
01
ol
03
02

03

FLUX=

2.65E

15 N/CM*%*2-SEC

FUEL CHARGED TO REACTOR

3652,D
8.71E-05
2.59E-09
T.94E-07
1.54E-07

1.35€E-

0.0

2.84E~

13
08

29E-05
3.81E~

08

1.01€~-02
1.54E-07
1.82E-05

0.0

1,46E-03

4.96E

03
ol
01
01

01
01
02
03

03

3652

5.0

3.91E-05

2.89E
3.85E

<09
-05

1.70E-07

3.51E-13

0.0
2.86E
0.0
0.0
0.0
G.0

-08

3.80E-05

3.81E
8.01E
1.70E
8.04E
0.0

1.46E
0.0

0.0

1.38E
0.0

4.91F
S.T3E
2.07E
1.78E
2.+43E
1.46F
6.59E
0.0

1.42E
5.50E
5+50E
4.91F
0.0

4.51E
4 .44E
2.70E
1.97€

1,97

-08
-02
-0
-05

-03

-01
01

-14

02
01
01
01
-02

03

365250.D
S« T7E-09
1 0295-03
3.29€E-07

3.79E-08
1.81E-01
3.29€E~-C7
6.88E-04
0-0

1.46E-03

5E~-01
3E 01

[« N Ne N RoRol

OpPOWOD

1.88€ 0C
1.85€E 01
2.22E 01
2.10€E-2C
6.,97TE-C2
0.0

3.64E 02
9.075-01
9.07€-01
4.53E 01
0.0

T.44E-C1
1.52€-08
2.91€-14
5.01E 02

5.01E 02

Calculated Radioactivity of Actinide Elements Present in
Wastes Generated by the Reprocessing of Spent IMFBR
(AT Reference Oxide) Fuel

(PROCESSED AT 30 DAYS)

2.65E 15 N/CM**2-SEC

FUEL CHARGED TO REACTOR

POWER= 58,23 MW/MT, BURNUP= 32977. MWD/MT, FLUX=
ELEMENT RADIOACTIVITY, CURIES / METRIC TON
CHARGE 30.D 365.D 1096.D 3652.0
TH 0.0 5.05€6-04 3.47E-04 1.92E-04 8.81E-05
PA 0.0 2.70E-05 3.40E-08 2.83E-08 2.84E-08
U 3.06E-01 4.27E 01 2.30E-03 4.33E-03 1.16E-02
NP 0.0 T.22E 03 4.96E 01 4.96E 01 4.96E 01
PU 1.10E 06 3.09E 03 3.20E 03 2.98E 03 2.17€ 03
AM c.0 1.79E 03 1.79E 03 1.79E 03 1.79E 03
cM 0.0 6.68F 06 1.71E 04 1.92E 03 9.47E 02
TOTALS 1.10E 06 7.90E 04 2.21E 04 6.74E 03 4.96E 03

3652

5.0

2.865-08
8.16E~02

4.93E
2.64F
1.58E
T.65E

1.97E

o1
02
03
ol

03

365250.D
1.29€E-02
3.28E-08
1.83E-01
4.56F Q1
4.27E 01
4.11E 02
T«44E-C1

5.01€ 02
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Table 3.47. Calculated Thermal Power of Actinide Isotopes Present in
Wastes Generated by the Reprocessing of Spent IMFBR
(AI Reference Oxide) Fuel

Al REFERENCE OXIDE LMFBR -~ WASTE DECAY TIMES (PROCESSEC AT 30 DAYS)
POWER= 58.23 MW/MT, BURNUP= 32977, MWD/MT, FLUX= 2.65E 15 N/CM¥*2-SE(

NUCLIDE THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TO REACTOR
CHARGE 3C.D 365.0 1096.D 3652.0 36525.D 365250.D

TH228 0.0 1o 55E=05 1el4E~C5 6427E-06 2.85E-06 1.28E-06 2.23E-10
TH229 0.0 TeT4E=-11 7.75€~11 T.77€-11 7.84E-11 8,75E-11 1.74E-10
TH230 0.0 14 04E-08 1.05E~C8 1.14E-08 2.,25E~C8 1.09E-06 3.65£-05
TH231 0.0 4e206-08 2410E~10 2.11E-10 2.13E-10 2,34E~10 4.55E-10
TH232 0.0 3.08E-15 3,09c~15 3,12E~15 3.,26E-15 8,50F-15 4,25E-13
TH233 0.0 0.0 0.0 0.0 0.0 0.0 0.0
PA231 0.0 Bs64E-10 B.65E~1C Be65E-10 8.65E-1C 8,73E~10 1,00E-09
PA232 0.0 8. 38E-14 0.0 0.0 0.0 0.0 0.0
PA233 0.0 60 B4FE-08 1.43E-11 1.33E-19 0.0 0.0 0.0
PA234M 0.0 0.0 0.0 0.0 0«0 0.0 0.0
PA234 (.0 0.0 0.0 0.0 0.0 0.0 0.0

U232 0.0 40 30E=07 9e94E=CT 1.77E-06 2.66E-06 1.22E-06 2.12E-10
U233 0.0 1, 11E-0G 1,11E-09 1.118-09 1.11E-09 1.11E-09 1.10E-09
U234 0.0 7.53E=0€ 2.,20£-05 B8.07TE-0Q05 2.90E-04 2.,30E-03 5.21E~03
U235 B.6TE=0T7 4e22E=-09 4.23E~-09 4424E-09 4.27E-09 4.70E~-09 9.13E-09
U236 0.0 3424E-07 3.,3%E-07 3.73E~C7 4.94E-07 2.18E-06 1.87E~Q5
U237 0.0 9.17€-02 1.05E-16 0.0 0.0 0.0 0.0

U238 T.75E-03 3,70E-05 3.,70E~-C%5 3.70E-05 3.70€-C5 3, 70E-05 3,.70E-05
U233 0.0 0.0 0.0 0.0 0.0 Q.0 0.0
NP236 0-0 1:205‘12 0.0 0.0 0.0 0’0 000
NP237 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NP238 0.0 6.13E~03 0,0 0.0 0.0 0.0 0.0
NP239 0.0 2414F 01 1447TE-0l 1.47E-01 1.4TE-01 1.46E~-01 1.34E-01
PU236 0.0 T+ 14E~05 5,71E-0% 32,51E-05 6.40E-06 1.99E-15 0.0
PU238 S54.26E 02 14865 00 1.01E C1 1,24E 01 1.20E 01 6.R86E 00 6.23E-02

PU233 B8495F 0l 5.48E~01 5.48E-01 5.49E-01 S,49E~01 5.53E-01 5.76E-01
PU240 1.29E 02 6+463F=01 6.67E-0l 6474E-01 6.95E~01 7.57E-01 6.92E-01
PU241l 4.4TE O1 1,24E-01 1.18F-C1 1.06E=01 7.33E~02 5.04E~-04 8.71E-25
PU242 3.65E-01 1.88E~03 1,98E-03 1.88E-03 1.8%E~C3 1.95E~03 2.06E-03

PU243 0.0 0.0 0.0 0.0 0.0 0.0 0.0

AM241 0.0 S,23E 01 5.24F Ol S.25E Cl 5,27E Cl 4.74E 01 1.22E 01
AM242M 0.0 2:04TE=02 2.46E—-02 2.435-02 2.36E~02 1,56E~-02 2.58E~04
AM242 0.0 1. 16E-0)1 1.15E~01 1414E~-Cl 1.10E-Cl 7.33E-02 1.21E-03
AM243 0.0 1.6CE 00 1460F 00 1.60E 00 1.,60FE 00 1.58E 00 l.«6E 00
AM244 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CM242 0.0 2,42F 03 5.83F €2 2.85E Q1 2.51F 00 1469E 00 2.74E-02
tM243 0.0 1.41E 00 1.38FE 00 1.32€ 00 l.14E GO0 1.62E-01 5.53E-10
CM244 040 4,34F 01 4.19F (Ol 3.88F Ol 2.97E 01 9.45E-01 1.02E-15

SUBTOT 7489 02 2.54E 03 6452F 02 1.37E 02 1.01E C2 6.02% 01 1.51F Ol
TOTALS T7.83E 02 2.54C (03 5.92F €2 1l.37E 02 1.01E C2 6.02E 01 1.51E O1

Table 3.48. Calculated Thermal Power of Actinide Elements Present in
Wastes Generated by the Reprocessing of Spent IMFBR
(AT Reference Oxide) Fuel

Al REFERENCE OXIDE LMFRR - WASTE DECAY TIMES (PROCESSED AT 30 DAYS)
POWER= 5B8.23 MW/MT, BURNUP= 32377, MWD/MT, FLUX= Z.65E 15 N/CM**k2-SEC

ELEMENT THERMAL POWER, WATTS / METRIC TON FUEL CHARGED TGO REACTOR

CHARGE 30.0 365.0 109640 3652.D0 36525,.D 365250.D

TH 0.0 1.56E=05 1414E-C5 6.2BE~06 2.BRE~06 2437E-06 3.65E~05
PA 0.0 6.92F~08 B.75E-10 8,65E~10 3.65E8-10 €.,73E-10 1.00E~D9
U 7.75E~03 9.175=02 6413E~-05 1,20E~04 3.308-04 2.35E-03 5,26E-03

NP 0.0 2.14F Q1 1e47F-01 1.47E-01 1.47E=01 1le46E-01 1,34E-01
Py 7.87E 02 3,20F 00 1.14% 01 1.33F 01 1.33F Ol 8.18E 00 1.33E 00
AM 0.0 £,40E 01 S.41E Ol 5.42F Ol 5.4%E 01 4.91FE 01 1.36F 01
CM 0.0 2.46E Q3 6,265 02 €,86F Ol 3.33f Ol 2.80F 00 2.74E~0C2

TOTALS T.83E 02 2.54F 03 $.92E 02 1.37E 02 1.01E 02 $.,02E Ol 1.51E Ol
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Table 3.49. Masses of Activation-Product Isotopes Calculated to Be Present
in Irradiated LMFBR Fuel Cladding

Al RFFERENCE OYIDE LMFBR - CLADDING ACTIVATION
POWMER= S8,23 MW/MT, BURNUP= 32077, MWD/MT, FLUX= 2.,65E 15 N/CM%%2-SEC

NUCLINE CONCENTRATIONS, GRAMS / MFTRIC TON FUEL CHARGED TC REACTOR
CHARGE DISCHARGE 37.D sc,Dn 15C.D 1396,.0 10958,D
HFE & 0,0 2,45E CQ 3.45F 00 3.45F 0C 3,.,45F 00 2,.45F 0C 3,45F 0C
C 12 1,728 02 1.72% 22 1.72F 07 14726 02 1,72E 02 1,72F 02 1.72F 02
C 13 2,62F °C Y,31F 21 1.31F 1 1.,2YF 01 1.31F 21 1,21F 21 1.31% 3}
C 16 1,34F 05 1.24FE €5 1,34F 05 1.324F 0% 1,34F 05 1.34F 0f 1,34F QS
C 17 BL.T1F DY 6.,94F 01 £.94% 01 A,94F 01 A,94F 01 6.,94F N1 £,94F Q1
TR 3,328 72 23,336 02 3,23F £2 3,23F 12 3,33F 02 3,338 02 2,238 (2
NA 23 1,.74F 02 1.74F 03 1.76E 03 1,74F 02 1.74F 02 1.74F 02 1.74F (3
ST 22 1.50CFE 23 1.50F 03 1.50F N3 1,%CE 02 1.50% 03 1.50F 02 1,S0% 03
SI 28 7,975 N1 7,075 €1 T.978 ©1 7,678 01 7,97 31 7.97¢ N1 7,97¢ 21
ST 3 B.41F 01 5.41F 01 £.41F 01 5.41E 01 5.41F% 01 S.41% 0] 5.41F 01
P 31 8,72F 0) R,73F 01 2.73E 01 R.72F (0! AR,73¢ Q1 ”,73r 0 8,73 01
S 32 AJ10F 31 6L1R8F 01 6,198 ©1 6,10F QY 6,19F 01 6,198 21 6.19E D1
S R4 2.97F 00 24,928 (1) 2.,92F 00 2.92F QC 2.,92E€ 00 2.92f% 0C 2.92F 00
vV 51 0.0 1.C6F €O 1.10F CC 1.12F 00 1.14F 00 1.14F 00 1,.14F OO0
CR 50 1.62F N2 1,62F N2 1.62F N2 1,62F €2 1.62F N2 1.62F 02 1.62F 32
CR 52 7,28F 74 3,28F N4 2,28F 4 3,2RE 04 3,28F 04 3,28F D& 3,28FE 04
CR 83 2,81F 03 3,.72F 03 2,72E 02 2,72F 03 2,72€ 03 3,72E (03 2.72F 03
CR F6 O,70F 02 1.08E €2 1.M8F N2 1,08F 03 1.08F N3 1,N8F N2 1,08F 03
MN S& 0.0 B 0 0 8.,22F OF 7,168 Q0 6,258 °° 7,17E-01 1.15€-10
MN 55 4,36F 02 4,35E 03 4.35F 02 4,3%E 02 4.35F% 02 4,36F 02 4,34F 03
FE 5S4 R,70F 02 8.656F 03 R.AKE 02 B, 66F 03 8,.66F D23 B,.66F N2 8,66F )3
FE 85 0.0 1,458 C1 14428 01 1,365 01 1.30E 0O 6,51FE 00 4.86E-03
FE 84 1.42F 0F 1.42E 05 1.42F 08 1,42F 05 1,.42F 05 1,42F 0% 1,42F 05
FE 87 3,44F 03 2,6AF 03 3,66F 02 2,66€ 03 3,66FE 03 3,66F 03 3,66F 33
FE 88 G,26F 02 5,7NE N2 S,71F ©£2 £,73F N2 S5,74F D2 5,74F 02 5.76F 32
Co 58 0.¢C 5.09F 00 4.48F CC 2.50FE 00 1.39F 00 1.46F~04 0.0
CO 59 2,18F N2 2.18F 027 2.18F 02 2.18F 02 ?.,18F 02 2.18F 02 2.18E 32
NI 52 1,178 026 1.18FE 04 1.16E D6 1,16F 04 1,146F N& 1,16F N6 1,16F (4
NI 82 0.0 1.36F 01 1.26FE 01 Y.36F 01 1.36F 01 1.36F DV 1,26F 01
NI &n  4,67FE 03 4.ABE Q03 4,66F 02 L, 66F 03 4,66F 03 4,66F 02 4,.66F 03
NI A1 2.14E C2 2.,18E N2 2,188 02 2.1PF 02 2.,18F {52 2.18F 32 2.18F 22
NI €2 6.72€ 02 6.73€ 02 £.73E 02 6. T2F 02 6.73F 02 6.73F 02 6.72F 02
NT 44 2.,06F D2 2.06E 02 2.06F 02 2.06F 02 2.06% 02 2.06F 02 2.06F (2
SUBTOT 3,83€ N6 3,53 085 3,53F (5 3,53F ¢5 3,53F 15 3.53F 25 3,53F (5

TOTALS 3.53F (05 3.53€ 0S5 3,53 0% 2,52F 0% 3.,53F 05 3,53F 05 3,53F 05
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Table 3.50. Masses of Activation-Product Eloments Calculated to Be Present
in Irradiated IMFBR Fuel Cladding

Al REFFRFENCFE QOXIDFE LMFRR = CLADDING ACTIVATION
POWER= 58,23 MW/MT, BURNUP= 132977, MWDN/MT, FLUX= 2,55F 158 N/CMA%2-SEC

FLEMFNT CONCENTRATIONS, GRAMS / METRIC TON FUEL CHARGED TO REACTOR

CHARGE DISCHARGE 30.D S0.D 150,0 1006.0 10958.D

H el 1,30F=NQ 1,29F-08 1,2RE-NOC 1,27E-N9 1,17F-50 J,40C=10
HF 0.0 2,455 0D 3,48F OC 2L,45F QC 3.45E 00 3.45E 00 3,.45€ 00
t1 2.0 BeHTE=CT S5,675=07 S,6TE=0T S,67E=07 5,57TE-07 S.67E-07
RE CLr Te22F-032 1.,32F=072 1,326-02 1,22F-0% 1,32FE-02 1,328-233
R 0.0 2.08E-07 2,05F=07 2,085-07 2.05E-27 2.,05E-07 ?2.08E-07
C 1.75F N2 1,85 02 1,85F 02 1.8%5F 02 1.R5F 9?7 1.95F 0?2 1.85% 02
N 0,0 4 ,55F=07 §,08F=0T £,2(F=-NT 7,53E-"7 2,68E-26 2,27E-05
v 1.24F Q5 1,34F 05 1,34F 05 1.34F GF 1,34F 05 1.34F 05 1,.74F 05
& 3.0 2,05F=02 2.08F=-02 2,0%F-02 3.,05F=-02 3.08%-02 2,05E-02
NF IAPLE 1.,98E=02 1,96F="2 1,96E=-"2 1,96E-72 1,96E-052 1,96E-02
NA 1.74E 72 1,74 03 1,.74E 02 1.74F 02 1.74E 03 1,74F 02 1,74F (2
MG C.0 €,826-01 5,83F-01 £,83€-01 5,53F-01 5,53FE-01 S5,F3E-01
AL DL 1.27E=04 1,275=04 1,276-04 1,27E="4 1,27E=-04 1,27€E~34
S1 1.64F 03 Y,A4F N3 1 ,64F N2 1,64F 02 1,64F 03 1,64F 02 1,64F (3
P 8,72¢ 01 8,73 01 8,73F 01 R,72F 01 R,73F 01 8,73F Q01 A9,73f Q1
S 6,545 0] 6,538 N1 £,5%8 71 £,53E 21 4,52F 21 §,538 01 £,53F )1
cL et 1.,45F="8 1 ,54F-CR 1,67F-0f 1.75E-08 1,89€-0R 1,P9E~08
AR 1.0 £.60E-17 1,00S=-17 1,00F=-17 1,00%-17 1,00E=-17 1.00E~17
K 0.0 8,70F~14 B,TNE=14 A, ICF=14 A,7NF=14 8,7ME~14 2,70FE~14
ca .0 G,T785=07 4, TTE=CT L, TTE-0T 4 TTE-NT 4, TTE=0T 4,77E~Q7
SC 2.0 B.N3IE=0R 1 ,16F-1C AL TIE-17 7.60E-12 1,10£-1) 1,10E~-11
T1 N0 2.20F=C1 2,29FE=01 2,29F=0N) 2,22%E-N1 2.29F-D1 2,29F-01
v ™ et 1,128 1A 1,18F 00 1,216 00 1,22E 70 1,228 7 1,228 70
ce 2,78F 04 2.78F 04 3.78FE 04 3,78F N4 3,T7RE 04 3,T78BE €4 2,T72F Q4
MN L,3FF 03 4,.36F 03 4,36F D2 4, 2KF (02 &,36F 03 &,36F (02 4,346F 03
FE 1,BE8F N8 1,688F 08 1,55E £F 1,88F 0OF J,86F 08 1,556 D% 1,858 C5
cn 2L1R8F 02 2,255 02 2,22€ (02 2,218 02 2.,20F 02 2,198 02 2,18% 02
NT 1.74F N4 1,745 04 1,745 04 1, 74E D& 1, T4FE 04 1 ,T4F D4 1,.74F 04
cy nLn 1,37E=71 1 ,27€E=01 1 ,2RF=31 7 ,38€~71 11,4081 2 ,44E-()

TOTALS 2.F23F 05 3,53F 05 2,53F 05 3,.8%32F 05 3,53F 05 3,52F 0% 3,52F (5

Table 3.51. Calculated Radiocactivity of Activation-Product Isotopes
Present in Irradiated LMFBR Fuel Cladding

Al REFFRENCE OXIDF LMFBR — CLADDING ACTIVATION
PNWER= ®R,23 MW/MT, BURNUP= 32077, MAWD/MT, FLUX= 2.65F 15 N/CM*¥2-SEC

NUCLIDFE RADIGACTIVITY, CURIFES / MFETRIC TON FUEL CHARGFD TO REACTOR

CHARGE DISCHARGE 33.0 an.n 152.0 1096.D 10958,0
P 22 O 1 TF 03 2,498 02 1,26E 21 7,6415-0D1 0.0 C.C
P22 0.0 A,?21F 00 2,70% 00 S.126-C! 9.71FE-02 2,92F-12 (.0
CR 51 0,0 T.9AF 03 3,77E 02 R,44F 62 1.,89F 72 1,.,08F=08 .0
MN 54 (.0 T.03F 14 6,56F 04 B, T2F £4 4,99F 74 5,738 (2 9,17F-07
FE 55 (.0 2L,A2F 04 3,54F Q4 2,30F 04 3,25F 04 1,628 04 1,225 Q1
FC 52 02,0 4,718 03 2,97 02 1.18F 03 4,68F 772 2,25FE=%4 [0
cn 58 0,0 1.89F 0§ 1,41F 01§ 7,800 £4 4,41F N4 4,63F 17 0,0
Co 60 .0 6.4TE 02 £.40F D2 £,26F 02 A,13FE 02 &4,36F 02 1,24F Q1
NI 5@ 0.0 1.02F €0 1.03F (00 1.038E CO 1.03F% 00 1.0%F 22 1.03F 3D
NI &2 Q.75 RL,28F (Y 2L,27F 01 3L,2TFE 1] 3,275 71 3,206 21 2.61F 21
SURTOT CG.C 3,10F 0% 2,5CF 0% 1,72 08 1.28F 05 2,25F 04 5.17F 0}

TOTALS 0.0 S.57F 08 2,50F 08 1,72€ 05 1.28F 05 2,.,285F 06 5,12F )1



POWER=

ELEMENT RADICACTIVITY,

Table 3.52.

58.23 MW/MT, BURNUP=

CHARGE
H 0.0
BE 2.0
C 0.0
NA 0.0
4 NN
S 0.0
CL 0.0
AR (A A
K 0.0
CA 0.0
SC TN
v 0.0
CR 0.0
MN L0
FE 0.0
cn 0,0
NI .0
cu D
TOTALS 0.0
Table 3.53.
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Calculated Radioactivity of Activation-Product Elements
Present in Irradiated LMFBR Fuel Cladding

Al REFERENCE OXIDF LMFBR -~ CLADDING ACTIVATION

DISCHARGE
1.26E~05
2.51E-01
2. T4E-02
T.13£ 03
1.67F €3
1.85E-C4
7.20E-14
2.34E~-"9
6£.81E-09
2.43E-0C4
6.99E-02
1.17€E 05
0,488 03
1.95% 05
4,098 Q&
1.90F 08
T«6RE 32
2.82F CO

S.67E 05

30.0
1.25E=-05
4435E=-06
2.74E=-02

.525‘11
2.52€ 02
1.46E-04
1.62E-20
3.,64E~21
5.62E=25
2.57€=-06
R.94E-1S
2.18E-03
3.77¢ 03
6.56E Nna
3.84E 04
1.42€ 05
2,38c 01
1.0‘5-18

2.50E 05

32977.

s0.0
1 .24E-05
44 25E-06
2.7‘E‘02
0.0
1.41E 0}
9.12E-0%
1.62€-30
1.11E-21
5. 62E-25
1.50E-0C8
1,92E-03
8,44E 02
S, 72E N4
2.51F 04
7.98F 04
3.37¢ 01
0.C

1.73E 05

MWD/MT,

FLUX=

150.0
1;23E-65
44,35E-06
207‘5-02
c.0
8.38F-01
5.6RE-05
1.62E~-30
3.38E=-22
5.62E-25
R, 7NE-I9
1.69E-03
1.89F 02
4.,99F N4
2.29F 04
4,4T7E 04
2.37F Q1
D.o

1.28€E 05

2.65E 15 N/CM*%2-SEC

1096.D
1.26€-05
44.35E=-0¢8
2 T4E=02
O.n
3.92£-13
3.30F-08
1.62E-30
N0
5.62E-25
1.22E-02
3,.,53E-12
2.32E=-04
1.08€-0"7
S.73F D2
1.63E 0¢&
4.,40F D2
3.31€ 21
0.0

2.25E (04

CURIES / METRIC TON*FUEL CHARGED TO REACTOR

10958.D
2.22E-06
4,35£-0¢
2.,73E-02
2.0
2.C
0.0
1.62F-30
G.a
5,62E-25
3,79E~-25
DD
2.35€E-12
0.0
9.17E-37
1.22€ 01
1.24E 01}
2.72% 01
c.C

5.18F 01

Calculated Thermal Power of Activation-Product Isotopes
Present in Irradiated LMFBR Fuel Cladding

ATl REFERENCE OXINE LMFBR - CLADDING ACTIVATION

POWER= £8,23 MW/MT, BURNUP= 32977, MWD/MT,
NUCLIDE THFRMAL POWER, WATTS /
CHARGE DISCHARGE 30.D a0.D 150.,D

NA 24 0,0 2.C0E 02 7.08F~12 0,0 0.0

P 22 7. 4,39E 00 1,028 €0 §,59F-02 2 ,N5E=(3

P 32 1.0 2.80F=02 1,226=03 2.31E=04 4 ,2T7E=-N%
CR 51 0.0 3.54 01 1.7 Q1 3,75F 00 8.40F-01
MN & 90,0 S.6bE (2 B,29E 12 4, 61F 02 &4 ,D2F 0D
FE 58 .0 4,72F 01 4,62E NY 4L,42F ) 4,23F 01
FE 59 0,0 2,65F 01 2.30F Q1 9,12E OO0 3,62F DO
CO 58 9,0 3,55F 03 2.465E 03 1,48F 003 R ,25F N2
Co A0 2.0 1.01F ) Q,98E NQ 9, 77F N Q,56F o0
NI A2 0,0 5.24F=N3 £,24F=-02 &,23E-02 5,23€-03
SURTOT 2.9 4,688 03 3,28F 02 2,01F 02 1,2RF N7
TOTALS <, F,2AC 12 2,28 02 2 . 01F 03 1 [ 2aF n2

1096.D

0.0

0.0

1.77€=-1%
4.79F-11
4,62F N1
2.125 01
1.70E=-08
R,67C=072
6.70F Q0
5.13E-02
7,437 7]

7,428 n1

FLUX= 2.65E 15 N/CM**2-SEC

METRIC TON FUFL CHARGED TQ REACTOR

1C958.D

.
o

9E-29
9E-(p2

DN OO D

A.an-Ol
4,18E=-073
2.14E-01

S A Q= OO D

2.124F=01
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Table 3.54. Calculated Thermal Power of Activation-Product Elements
Pregent in Irradiated IMFBR Fuel Cladding

Al RETFRENCE OXIDE LMFRR

POWER =

FLEMENT THERMAL POWER,

H
C
NA
P
S
cL
AR
K
CA
SC
v
CR
MN
e
cn
NT
cu

ER8,23 MW/MT, BURNUP=

CHARGF
0L
0.0
o.o

TOTALS 2.0

DISCHARG
4.48E-1D
R,136-C6
2,708 €2
Lo4nE 0N
S5.27E-28
1.32E-18
2.,59E-11
1.23F=-10
2.10E-C5
7.28E-14
1.80F 03
4,648 Q01
2.57% 3
2,372 C1
2.546E 03
S.278 4
‘. 003‘:,"02

£.36E C3

- CLADDING ACTIVATION

E 3n.D
4 46E-1N
2.13E-06
T.0RE=13
1,028 6
4.165=-08
1.756-22
0.0
2.14E~-CR
T.I56-07
80016’96
1.67% 01
B.29E N2
.92 01
2.66E 02
S.24FE-N12
6.19E-21

2,28 02

32977,

9n,D
4,42E-10C
Q. 13E"C6
AR
5. E2F-02
2. F0F=01R
2,ME-22
S, 3FF=24
0.0
f.31E-11
2.13E=-10
7o DEE=DF
2, 75F CO
4,R1E N2
Se34F 01
1.4%F 03
£ e23E-N2
0.0

2.01F 02

MWD /MT,

152,D
38E-10
3E-06

3.,40F-01
4,02 €2
4,.,50F 01
R.,35F 02
5.23E-N3
0.0

1.,28% 032

1096, D
3,78E-1C
B.123E~08
ron

1.778-1%
9,4DE-17
3,51F-32

0.0

T o4E-12
4,96E-14
B.53E~-07
4,70F=-11
4,528 1
2.128 O
6,38E 00
5.13E=D2
0.0

7.43F 01

FLUX= 2.6%E 15 N/CM%x%x2-SEC

WATTS / MFTRIC TON FUFL CHARGED TO RFACTOR

1IN958,D0
B.26E~11
8.,10F~06

4.,186-03
0.0

2.14FE-01



Table 3.55. Anticipated Growth of the Spent-Fuel Shipping Industry from 1970 to 2020

Tnstalled Fuel Load Number of Number.of Load.ed Estimated System Growth Patiern
Year Nuclear Capacity (metric Casks Shipped Casks ip Transit Number Shipping  Loaded Casks
Ending [1000 Mw (electrical)]  tons/year)? per year 500 Miles 1000 Miles of Plants® Distance® in Transitd
1570 1L 9l 30 1 1 700 1
1975 6L 1,400 L70 6 9 3 600 6
1980 153 3,500 1,200 1 23 L 500 1L
1985 250 7,500 2,700 30 52 5 L50 27
1990 368 13,500 6,800 75 130 6 400 60
2000 735 15,000 9,500 105 181 6 Loo 85
2020 2210 33,000 20,000 220 382 6 Loo 170

®Metric tons of total heavy metal per year. Source: Systems Analysis Task Force, Phase 3, Case L2.
bEstimated number of fuel processing plants in operation,
CApproximate average distance in miles, assuming roughly uniform geographical distribution of plants.

dThis is the average number of loaded casks that might be expected to be in transit on any given day of the year,

na-¢
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of course, very approximate, The number of casks shipped annually was
calculated on the basis of average loads of 3 and 1.2 metric tons per
cask for LWR and LMFBR fuels respectively. The average load, in the
case of the LMFBR fuel, includes both core and blanket material. The
radial blanket material has a relatively low radioactivity level because
of its low exposure, and can be carried in loads of 3 or l metric tons
per cask. Loads of core--axial blanket fuel, however, are limited to
about 0.5 to 1 metric ton per cask because of the heat-removal problem

under accident conditions.

The number of loaded casks in transit at a given time depends on
the average length of the trip from the reactor to the reprocessing
plant., Table 3.55 shows estimates for average distances of 500 and 1000
miles, using one-way transit times of Ly days and 7 days respectively.
The last three columns in the table are based on calculations using
current estimates of the growth pattern of the fuel reprocessing industry.
These estimates were made in connection with the work of the AEC Fuel
Recycle Task Force. The average shipping distance is based on an approxi-
mately uniform geographical distribution of plants, which is equivalent
to the assumption that suitable sites can be found in most areas of the
country. No attempt was made to weight the average by locating plants
close to large load centers, although this factor is always considered

when choosing actual plant locations.

3.5 Waste Management Projections

Estimates were made of waste management conditions anticipated for
the period 1970 to 2020. These estimates were based on the SATF Phase 3,
Case L2 projections of nuclear power growth in the United States (Fig.
3.1). In making these estimates, the LWR and the IMFBR were considered
separately, and the results were combined to obtain composites reflecting

the overall economy.

3,5.1 High-Level Wastes

Light-Water Reactors. — In the case of IWR's (Table 3.56), it is

assumed that the fuel has been continuously irradiated to a burnup of
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Table 3.56. Projected Wastes from LWR Reactor Fuels
(Aqueous processing of all fuels)

Calendar Year Ending

1970 1980 1990 2000 2020

Installed capacity, 10° Mw (electrical)® 1k 153 223 209 5h1
Volume of waste generated, as liquidb
Annually, ]_O6 gal/year 0.017 0.97 1.98 1.58 h.62
Accumulated, 10° gal 0.017  L.Lo 2l.L 39.2 87.4
Volume of waste generated, as solid®
Anmually, 107 £t°/year 0.17 9.73  19.8  15.8  L6.2
Accumulated, 103 £t 0.17 LW.o 21k 392 876
Accumulated radioisotopesd
Total weight, metric tons 1.75 L51 2180  L0ooOO 8960
Total activity, megacuries 210 18,900 54,500 62,550 142,700
Total heat-generation rate, Mw 0.91 81.6 226 2ldy 571
90sr, megacuries 3.98 962 L3ko 7085 13,900
137¢s, megacuries 5.27 1280 5800 9530 18,900
1297 curies 1.85 176 2320 4250 9510
85Kr, megacuries 0.56 124 501 701 1280
3H, megacuries 0.033 7.29 30.2 L3.4 80
238Pu, megacuries® 0.002 1.20 6.3 11.6 24.5
239y, megacuries® 0.00009 0,022 0,107 0.196  0.138
2Uh0p | megacuries® 0.00013 0.0409 0.239 0.53  1.37
2hlPu, megacuries® 0.0295  6.63 27.7 Lo.3 7h.1
2h2Pu, curies® 0.354 91 L1 807 1806
W1y, megacuries® 0.0089 2,31  11.3  20.8  L6.6
2L3pm, megacuries 0.0009 0.232 1,13  2.07 L.62
2lhen | megacuries 0.128  29.9 130 200 379
2LL2Cm, megacuries 0.725 L3.2 90 72 211

®Data from Phase 3, Case L2, Systems Analysis Task Force (April 11, 1948).

bAssumes that wastes are concentrated to 100 gal per th Mwd (thermal) and that
there is a delay of 2 years between power generation and waste generation,

Assumes 1 £t of solidified waste per 1oh Mvd (thermal).

dAssumes that fuel was continuously irradiated at 30 Mw/metric ton to a burnup of
33,000 Mwd/metric ton, and that fuel is processed 90 days after being discharged
from reactor,

®Assumes that 0.5% of the plutonium in the spent fuel is lost to waste.
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33,000 Mwd/metric ton at an average specific power of 30 Mw/metric ton,
that reprocessing is done 90 days after the fuel has been discharged from
the reactor, and that there is a two-year delay between power generation
and waste generation., Assuming that the fuel is reprocessed by aqueous
methods and that the resulting waste is concentrated to 100 gal per
10,000 Mwd (thermal) burnup, the volume of waste generated annually will
increase from 17,000 gal in 1970 to 1.58 million gal in 2000, If the
waste is stored as a liquid, 39.2 million gal will accumulate by the year
2000, On the other hand, if it is converted to a solid form, waste volumes
may be reduced by a factor of about 13, The weight, radioactivity, and
heat-generation rate of all the fission products, and the accumulated
activities of each significant fission-product and actinide isotopes

(¢ > 10 years), is also shown in Table 3.56.

1/2
Fast Breeder Reactors. — For IMFBR's (Table 3.57), it is assumed that
the core is continuously irradiated at a specific power of 148 Mw/metric
ton to a burnup of 80,000 Mwd/metric ton, the axial blanket is irradiated
at .6 Mw/metric ton to a burnup of 2500 Mwd/metric ton, and the radial
blanket is irradiated at 8.L Mw/metric ton to a burnup of 8100 Mwd/metric

ton. In addition, it is assumed that the fuel is reprocessed 30 days
after it has been discharged from the reactor, and that a two-year delay
occurs between power production and waste generation. With aqueous proc-
essing of the spent fuels, it is estimated that 20.9 million gal of liquid
waste, concentrated to a volume of 100 gal/10,000 Mwd (thermal) will
accumulate by the year 2000, If this waste is converted to solids,
209,000 ft3 will accumulate by 2000. The levels of accumulated fission

products and actinides in these wastes are also given in Table 3.57.

Total Nuclear Economy. — The projected annual and accumulated volumes

of wastes for the total U, S. nuclear economy are given in Table 3.58.
Data for the principal radioisotopes in the wastes from spent LWR and
IMFBR fuel processing are also given. The total accumulated radioactivity
and thermal power of these radioisotopes are shown in Figs, 3.6 and 3.7
respectively. It should be pointed out that the total quantities of
actinides in the wastes would be less than is estimated here if there is

a significant contribution from thorium-fueled reactors in the nuclear

economy.



3-58

Table 3.57. Projected Wastes from IMFBR Reactor Fuels
(Aqueous processing of all fuels)

Calendar Year Ending

1985 1990 2000 2020
Installed capacity, 103 Mw (electrical)® 28 15 5h6 1669
Volume of waste generated, as liquidb
Annually, lO6 gal/year 0.118 0.71 3.02 9.08
Accumulated, 10° gal 0.248 2.4 20.9 150.6
Volume of waste generated, as soligd®
Annually, 10° £t2/year 1.18 7.1 30.2 90.8
Accumulated, 100 £t 2.18 2), 209 1504
Accumulated radioisotopesd
Total weight, metric tons 25 260 2200 15,640
Total activity, megacuries L,388 30,000 146,450 523,300
Total heat-generation rate, megawatts 17.4 117 563 1949
POsr, megacuries 31.8 300 2165 15,500
137Cs, megacuries 78.3 7140 6070 38,600
1291, curies 39.1 380 3300 22,690
85Kr, megacuries 7.2 66 189 2620
3H, megacuries 0.653 6.0 L6.1 252
238Pu, megacuries® 0.18 1.98 9.1 i.s
239by, megacuries® 0.013  0.128 1.11h  8.0L
2L0p,, | megacuries® 0.0161 0.156 1.38 10.0
2b'lPu, megacuries® 2.12 19.5 150.7 835
2h2Pu, curies® 18 469 14063 29,09
2l megacuries® 1.18 1., 100 716
L3y, megacuries 0.037  0.36  3.12 22,
2thm, megacuries 0.73 7 55 321
b2y megacuries 1.5 95 115 1279

%Data from Phase 3, Case L2, Systems Analysis Task Force (April 11, 1968).

bAssumes that wastes are concentrated to 100 gal per th Mwd (thermal) and
that there is a delay of 2 years between power generation and waste
generation,

®Assumes 1 £t of solidified waste per 104 Med (thermal).

d'Assumes that the core was continuously irradiated at 148 Mw/metric ton to a
burnup of 80,000 Mwd/metric ton, the axial blanket was irradiated to 2500
Med/metric ton at 4.6 Mw/metric ton, and that the radial blanket was irradi-
ated to 8100 Mwd/metric ton at 8.4 Mi/metric ton. It was also assumed that
the fuel was processed 30 days after discharge from the reactor.

®Assumes that 0.5% of the plutonium in the spent fuel is lost to waste.
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3,58. Projected Fuel Processing Wastes from Total U. S. Nuclear Power Economy

(Aqueous processing of all fuels)

Calendar Year Ending

1970 1980 1990 2000 2020
Installed capacity, 10° Mw (electrical)® 1l 153 368 735 2210
Volume of waste generated, as liquidb
Annually, 106 gal/year 0,017 0.97 2.69 L.60 13.7
Accumulated, lO6 gal 0.017 L.40 23.8 60.1 238
Volume of waste generated, as so1id®
Annually, 10° £13/year 0.17 9.73 26.9 146.0 137
Accumulated, 107 ft° 0.17 1.0 238 600 2380
Accumulated radioisotopesd
Total weight, metric tons 1.75 L5 2110 6200 2Ly, 600
Total activity, megacuries 210 18,900 84,500 209,000 666,000
Total heat-generation rate, megawatts 0.91 81.6 343 807 2520
9OSr, megacuries 3.98 962 Lého 9550 29,400
3, megacuries 5.27 1280 6540 15,600 57,500
1297 curies 1.8 L76 2700 7550 32,200
85Kr, megacuries 0.56 124 567 1190 3900
3H, megacuries 0.033 7.29 36.2 89.5 332
2385, megacuries® 0.002 1.20 8.28 30,7 166
239y, megacuries® 0.00009 0.022  0.235 1.3l 8.L5
2L0p,  megacuries® 0.00013 0.0409 0.395  1.91 11.4
2Wlp,  megacuries® 0.0295  6.63 L7.2 191 909
2h2p,  Guries® 0.35L 91 910 1870 30,900
2Ly megacuries® 0.0089  2.31  22.7 121 63
2h3Am, megacuries 0. 0009 0.232 1.49 5.19 27.0
gthm, megacuries 0,128 29.9 137 255 700
2h2Cm, megacuries 0.725 3.2 185 L87 1490

%Data from Phase 3, Case L2, Systems Analysis Task Force {(April 11, 1968).

Ppssumes that wastes are concentrated to 100 gal per lOLL Mwd (thermal) and that there is
a delay of 2 years between power generation and waste generation.

Crssumes 1 ft3 of solidified waste per lOu Mwd (thermal).

dAssumes that IWR fuel is continuously irradiated at a specific power of 30 Mw/metric
ton to a burnup of 33,000 Mwd/metric ton, and that the fuel is processed 90 days after
discharge from reactor; LMFBR core continuously irradiated to 80,000 Mwd/metric ton at
14,8 Mwd/metric ton, axial blanket to 2500 Mwd/metric ton at L.6 Mw/metric ton, and
radial blanket to 8100 Mwd/metric ton at 8.4 Mw/metric ton, and that fuel is processed

30 days after discharge.
CAssumes that 0.5% of the plutonium in the spent fuel is lost to waste.
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Annual Generation Rates. — The estimated annual generation of key

fission-product and actinide isotopes is presented in Table 3.59.

3.5.2 Management of Solidified High-Level Wastes

Estimates were made of the conditions that would exist if high-level
liquid wastes from fuel reprocessing were solidified and then shipped to
a salt mine repository for permanent storage. Table 3.60 presents the
volumes in storage, the required storage canal capacities, the mumber of
waste shipments, and the total and accumulated mine space needed if the
wastes were solidified immediately and shipped after 5 years of interim
storage on-site. Table 3.61 gives analogous data for the case of storing

the solidified wastes on-site for 10 years.

3.5.3 Intermediate- and Low-Level Liquid Wastes

The projected generation of so-called intermediate- and low-level
liquid wastes as the result of LWR and IMFBR fuel reprocessing 1s given
in Table 3.62, Volumes of these wastes were calculated on the basis that
about 200 gal and 10,000 gal, respectively, are produced per metric ton
of fuel reprocessed. This corresponds rougily to present practice; how-
ever, 1t can be anticipated that, in the future, intermediate-level wastes
will be combined with high-level wastes and converted to a solid form., In

addition to the volumes of low-level wastes shown in Table 3.62, about

3 million gal of low-level waste is generated annually at each reprocessing

plant from sources such as cell drainage, equipment decontamination flushes,

and laboratory sinks.

3.5.4 Solid Wastes

If mechanical decladding, as exemplified by a shear-leach head-end
step, is used in reprocessing, the cladding hulls and associated fuel-
assembly hardware containing neutron-induced radioisotopes (as well as
some of the actinides) will constitute an important source of solid waste.
Calculated levels of these isotopes for Zircaloy cladding and for stain-
less steel cladding are given in Tables 3.25-3.30 and Tables 3.49-3.5L
respectively. Annual and accumulated volumes of cladding wastes, assuming

compaction to 70% of their theoretical densities, are given in Table 3.63.

L
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Table 3.59. Projected Annual Generation of Key Fission Product agd Actinide

Isotopes in Wastes from IWR and IMFBR Fuel Pr‘ocess:Lng ’

Light-Water Reactor Fuels Fast-Breeder Reactor Fuels Total
Calendar Year Ending 1970 1980 1985 1990 2000 2020 1985 1990 2000 2020 1970 1980 1990 2000 2020
9OSr, megacuries/year 3.99 227 110 162 367 1080 15.5 93.5 398 1180 3.99 227 556 765 2280
13705, megacuries/year 5.55 316 571 8L3 511 1500 38.8 233 1000 3010 5.55 316 878 1510 LS10
1291, curies/year 1.96 112 202 320 181 531 19.0 115 189 1470 1.9 112 435 670 2000
85Kr, megacuries/year 0.59 33 60 68 i 158 3.63 22 93.6 282 0.59 33 90 148 o
3H, megacuries/year 0,036 2.1 3.7 L.2 3.3 9.8 0.33 2,0 8.6 25.8 0,036 2,1 6.2 11.9 35.6
238Pu, megacuries/year® 0.00072 0.041 0.074 0.084 0.066 0.195 0.02 0.121 0.515 1.55 0.00072 0.041 0.205 0.58 1.75
3%, megacuries/year® 0.000085  0.0049  ©0.0088 0.0099 0.0079 0,023 0.0063  0,0379 0.162  0.486 0,000085 0,0049 O.0478 0,17 0,509
Zl*OPu, megacuries/year® 0.000123  0.00705 0.0127 ©0.0lLh 0,011k  0.0335 0.0076 0.0L46 0.196  0.589 0.000123 0,007L 0,060 0,207 0.623
2hlp,  megacuries/year®  0.03 1.70 3,09 3.8 2,76 8.1 1.07 6.6  27.5  82.9 0,03 L7 9.9h 30,3 91.0
2u2Pu, curies/year® 0,35 20.1 36.3 40.9 32.5 95.4 22.6 137 S8l 1760 0.35 20.1 178 617 1850
2L‘:LAm, megacuries/year 0.009 0.51 0,92 1.03 0.821 2.1 0.56 3.38 1h.h L3.L 0,009 0.51 L.l 15.2 45.8
QhBAm, megacuries/year 0.00021 0,012 0.021 0.02L 0.0192  0.056 0.0177  0.107 0.46 1.37 0.00021 0,012 0.131 .47k 1.43
L2 megacuries/year 0.99 6.9 103 116 92.1 270 23.3 1 601 1810 0.99 56.9 257 693 2080
2L‘L‘Cm, megacuries/year 0,129 7.37 13.3 15.0 11.9 35 0.4k 2.67 11.5 34.3 0.129 7.37 17.7 23,3 69.3

®Based on Systems Analysis Task Force, Phase 3, Case L2 (April 11, 1968), and assumes a 2-year lag in waste generation after power production.

bAssumes that the LWR fiel is continuously irradiated to a burnup of 33,000 Mwd/metric ton at a specific power of 30 Mw/metric ton; also assumes that the LMFBR
core is continuously irradiated to a burnup of 80,000 Mwd/metric ton at 148 Mw/metric ton, the axial planket is continuously irradiated to 2500 Mwd/metric ton
at 1.6 Mw/metric ton, and the radial blanket is continuously irradiated to 8100 Mwd/metric ton at o, Mw/metric ton.

CAssumes that 0.5% of the plutonium in the spent fuel is lost to waste.



3-6L

Table 3.60. Waste Management Data for Conversion-to-Solids Concept

(S5-year interim solid storage)

Calendar Year Ending

1980 1990 2000
Solid waste generation, ft-/year’ 9,730 26,900 46,000
5-year interim solid storage
Volume in storage, ft° 34,400 117,500 206,000
Length of 24-ft-wide canals, ft 690 2,340 4,100
1000-mile shipment to salt minesb
Number of shipments per year 62 332 61l
Number of casks in transit® 2 7 12
Disposal in salt mines
Area required, acres/year 17 83 157
Accumulated area used, acres L3 540 1780
L

%0ne cubic foot of solid waste per 1L0™ Mwd (thermal) irradiation.

bEach shipment consists of thirty-six 6-in.-diam pots containing
8 megacuries of radioactivity and generating 100,000 Btu/hr.

cOne—way transit time is 7 days.
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Table 3.61. Waste Management Data for Conversion-to-Solids Concept

(10-year interim solid storage)

Calendar Year BEnding

1980 1990 2000 (2010)2

Solid waste generation, ft3/yearb 9,730 26,900 L6,000 (--)
10-year interim solid storage

Volume in storage, ft° 13,800 194,000 363,000  (--)

Length of 2L-ft-wide canals, ft 870 3,860 7,230 (--)
1000-mile shipment to salt mines®

Number of shipments per year 3 172 L77 (81L)

Number of casks in transitS 1 L 10 (16)
Disposal in salt mines

Area required, acres/year 0.7 Te) 113 (1o7)

Accumulated area used, acres 0.7 186 1010 (2560)

8Commitments made in the year 2000,

bOne cubic foot of solid waste per 10,000 Mwd (thermal) fuel exposure.

®Each shipment consists of thirty-six 6-in,-diam pots containing

5 megacuries of radioactivity and generating 56,000 Btu/hr.

dOne-way transit time is 7 days.
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Table 3.62., Estimated Volumes of Low- and Intermediate-
Level Liquid Wastes?

Calendar Year Accumulated
Ending Gallons per Year GallonsP

Intermediate-Level Waste®

1970 31,000 31,000

1980 777,000 3.5 x 106
1990 2.6 x 10° 2.0 x 107
2000 3.2 x 10° .9 x 107

Low-Level Wasted

1970 1.6 x 10°
1980 3.9 x 107
1990 1.5 x 108
2000 1.4 x 108

®Based on fuel processing projections of Phase 3, Case lj2, Systems
Analysis Task Force (April 1968).

bIn the future, these wastes will probably be combined with high-level
wastes and solidified.

CBased on the generation of 200 gal of intermediate-level waste per
metric ton of fuel processed.

dBased on the generation of 10,000 gal of low-level waste per metric ton
of fuel processed. These wastes are decontaminated of radioisotopes to
required levels and discharged to the environment.
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Table 3.63. Solid Wastes from Spent LWR and IMFBR Fuel Processinga

Calendar Year Ending

1970 1980 1990 2000

Volume of cladding wasteb

Annual, 100 £13 0.3 8.3 11 87

Accumulated, 10° £t 0.3 37 320 1030
Total volume of solid waste®

Annual, 100 £t3 0.03 0.8 2,2 3.2

Accumulated, 100 £13 0.03 3.5 16 L9
Burial ground aread

Annual, acres 0.6 16 Lk N

Accumulated, acres 0.6 70 320 %80

#Based on fuel processing projections of Phase 3, Case 12, Systems

Analysis Task Force (April 1968).

bBased on 2.1 ft3 of cladding hulls per ton of LWR fuel processed, and
8.7 £t3 of cladding hardware per ton of ILMFBR mixed core and blankets

processed.,

CBased on an average volume of 200 £t3 of solid wastes per ton of fuel

processed,

dBased on burial of 50,000 £t3 of solid waste per acre of burial ground,
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Other solid wastes that are generated as a result of routine reproces-

sing plant operation vary widely in size and characteristics. Annual and

accumulated volumes were estimated (see Table 3.63) by using 200 ft3/metric

ton as the average volume of all solid wastes produced in fuel reprocessing.

The land area needed for the ultimate disposal of all these solid wastes,

assuming that the burial of a SO,OOO—ft3 volume requires one acre, is also

shown in the table,
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ly. TECHNICAL CONSIDERATIONS

.7 Design of Fuel Reprocessing Plants

Fuel reprocessing plants are characterigzed by their complexity.
Typically, a fuel recovery process entails shearing the fuel (to rupture
the corrosion-resistant sheath and expose the fuel), dissolution of the
fuel in nitric acid, separation and purification of the uranium and plu-
tonium by solvent extraction and ion exchange, and conversion of the
product nitrates to oxides suitable for refabrication into fuel elements.
In addition to the primary process, there are many auxiliary operations:
treatment of the solvent to provide for its reuse, recovery of nitric
acid from the aqueous streams, management of the gaseous, liquid, and
solid waste effluents, and the specialized technigques and equipment re-

quired for process control and personnel protection.

The spent fuel is transported from the reactor to the reprocessing
plant in heavy, shielded casks. The cask is unloaded in a water-filled
pool, and the fuel is stored under water, which serves both as a trans-
parent radiation shield and as a coolant. The fuel elements to be proc-
essed are transferred to a head-end cell and sheared into 2-in. lengths
to expose the inner core, which is then leached with nitric acid in batch
dissolving tanks. The leached hulls constitute a solid waste that is
ultimately disposed of by land burial, The nitric acid solution of the
fuel, containing the uranium, plutonium, and nearly all of the fission

products, is the feed solution for the solvent extraction process.

Solvent extraction processes exploit the wide difference in concen-
tration distribution between two immiscible phases — the organic and the
aqueous. Nearly all major fuel reprocessing facilities employ some form
of the Purex process,1 which makes use of the organic complexing compound,
tributyl phosphate (TBP), in an inert hydrocarbon diluent. When this
organic mixture is brought into countercurrent contact with the aqueous
feed solution, the TBP extracts both the uranium and the plutonium into
the organic phase, leaving the fission and corrosion products behind in

the aqueous phase.
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The TBP-organic solution of uranium and plutonium is stripped or
back-extracted with dilute nitric acid. The back-extraction of plutonium
can be vastly enhanced if the plutonium is reduced to the trivalent form,
usually with ferrous sulfamate; this makes it possible to back-extract
selectively first the plutonium and then the uranium. The two agqueous
solutions are usually further purified by a second extraction cycle or by

ion exchange.

The ferrous sulfamate that is used for reducing plutonium is, itself,
oxidized to ferric sulfate in the reduction process, and thus contributes
to the waste and interferes in the chemistry of subsequent plutonium
purification steps. Uranium in the tetravalent state has been successfully
used by the Europeans for this purpose; also, plutonium reduction can be
effected with hydrogen.2 Neither of these reductants contributes spurious

chemicals to the process.

The uranium and plutonium may be precipitated from dilute nitric acid
solution with oxalic acid. These oxalate precipitates are then removed by
filtration, and the filter cakes are thermally decomposed to produce ura-
nium and plutonium oxides. The oxides are sintered and ground, or extruded

into pellets for fabrication into new fuel elements.

3

In the recently developed sol-gel process,~ the nitric acid is

removed from the aqueous solutions of plutonium or uranium by extracting
the acid with an amine solvent. As the acid extraction proceeds, a

stable, colloidally dispersed suspension of uranium oxide is formed.

This is a "sol," which can be handled like a true solution. Progressive
removal of water by evaporation or by extraction with a hygroscopic solvent
converts the sol to a plastic gel. The sol can be formed into gel micro-
spheres of controlled size by adding the sol dropwise into a stream of the
hygroscopic solvent. When fired to about 1200°C, the gel attains a density
near the theoretical density and is suitable for fabrication into reactor
elements, Sols of plutonium and uranium can be combined and gelled to form
"mixed" oxide microspheres in which the two elements are homogeneously

dispersed.

Radioactive gaseous wastes from these operations are treated chemi-

cally, as well as by filtration, sorption, and scrubbing in order to reduce
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their radioisotope content to levels that can be discharged to the atmo-
sphere. The aqueous radioactive wastes that contain essentially all the
fission products are generally concentrated by evaporation and stored on
an interim basis in underground tanks. The evaporator overheads are
sufficiently decontaminated of radioisotopes to permit their discharge

to the environment under existing regulations.

Li.1.1 Preventive Measures and Containment Criteria

Criticality. — Criticality is normally prevented by a combination
of the following: 1limiting the concentration or quantity of material
"in-process'" by administrative means; imposing dimensional limitations
on the process equipment; and adding parasitic neutron absorbers, either
soluble or fixed to the process tanks. (The latter are usually in the

form of raschig rings or parallel spaced plates.)

Administrative control is usually arranged so that the positive,
simultaneous action of two responsible operators is required to add criti-
cal material to an "in-plant" inventory and to transfer material within
the plant. A visual display of the fissionable material inventory status
in each area is maintained, and transfer valves are kept locked with the
keys in the immediate control of supervision. "Double-batching" is thus
prevented, and the plant or discrete portion of the plant is made safe by

limiting its in-process inventory to less than the minimum critical quantity.

Neutron absorbers, such as boron and cadmium added directly to the
dissolver as soluble salts, are effective for criticality control in the
dissolution and feed adjustment steps.Ll These absorbers remain with the
aqueous waste. Tanks of large volume packed with borosilicate-glass raschig
rings may be used for the storage of fissile product solutions. Parallel
plates of boronated stainless steel have been used in the bell-shaped end

sections of pulsed columns.

Radiation., — Airborne radioactivity in the cell ventilation system,

and in personnel operating areas, is usually detected by radiation-sensing
instruments focused upon a filter through which a constant volume of air

is drawn. Some designs use continuous filters and are set to alarm at
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certain radiation levels; others employ a fixed filter but are set to
alarm at a given rate-of-rise of the filter activity. Radiation fields
in operating areas are monitored by ion chambers with level alarms. In
order to avoid the hazard of spurious alarms, signals from two out of
three instruments are required before an alarm sounds. The inadvertent
entry of personnel into shielded process areas having high radiation
fields is prevented by securely locking these areas, with access in the

immediate control of supervision or other properly designated authority.

Containment Systems. — Processing plants are designed to ensure con-~

tainment of airborne radiocactivity by providing increasing levels of
vacuum in three successive envelopes so that all air leakage flows from
areas of low to those of high contamination potential. The building forms
the outermost envelope, and it is operated at a pressure approximately
0.3 in. HZ0 lower than atmospheric pressure. This is a higher vacuum
than a 30-mph wind could be expected to produce on the lee side of a
rectangular building. All openings in the building communicate either
with uncontaminated personnel areas, or with two doors in series, only
one of which can be open at any time. The vestibule formed by the space

between the doors is maintained as an uncontaminated area.

The shielded process cells form the second envelope of containment
and are operated with a vacuum of about 0.7 in. H 0 with respect to the
building. The cell exhaust system has a rated capacity of approximately
0.1 cell volume per minute (to accommodate explosions or fires without
pressurizing the cell), and the cell in-leakage rate is limited to approxi-
mately 107% cell volume per minute at a 2-in. Hy0 differential pressure.
Seals that are used to close cracks and crevices are designed to withstand
a minimum pressure of 10 in. H,0. The cell structure and its closures are
designed to withstand the pressure that could be generated by any credible
accident. Finally, the process equipment in the cell is operated at a

negative pressure, with respect to the cell, of about 10 in. H.0.

Similarly, the direction of air flow through personnel areas in the
building is controlled by introducing a positive air flow into offices
that exhaust into corridors. From the corridors, the air flows succes-
sively toward operating areas, to limited access areas, and to hot labora-

tories, from which the air is exhausted through filters to the atmosphere.
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Off-Gas Treatment. — Because of its higher radiocactivity and chemi-

cal fumes content, the dissolver off-gas in most radiochemical plants is
treated, in turn, for nitric acid recovery, for iodine removal, and for
removal of residual acid fumes before being blended with the off-gas from
the vessels in the balance of the plant. The vessel off-gas is usually
scrubbed with caustic, dried, and filtered through one roughing and two
high-efficiency filters (HEPA, asbestos-glass fiber paper, 99.97% DOP

efficiency).

Iodine in most of its chemical states is removed from gas streams
by reaction with AgNO, impregnated on ceramic packing and by scrubbing
with Hg(NOz),-HNO5 or caustic solutions. However, organic iodides, par-
ticularly methyl iodide, can be removed most efficiently by catalytic
decomposition and sorption on silver, copper, or iodine-impregnated char-
coal. The efficiency of iodine removal units is sharply dependent upon
the concentration of the iodine, but 99.5% is a commonly quoted design
efficiency in cases where organic iodides are not removed.5 The efficiency

of charcoal impregnated with potassium iodide has been quoted at 99.99%.6

All off-gas streams from the plant are blended with the cell ventila-
tion streams and passed through a sand filter,? a deep-bed fiber-glass
filter,8 or a bank of high-efficiency particulate air filters before

being monitored and discharged up a stack.

L;.1.2 Probable Trend of Plant Design

The principal concern in chemical plant design is safety, but economy
is a necessary parallel objective. The size of processing plants will in-
crease to take advantage of the lower unit processing costs associated with
higher plant capacity. Newer reactor fuels, the IMFBR fuels in particular,
will contain higher quantities of fissionable material. The high value of
this fissionable material will supply an economic inducement for minimizing
out-of-reactor processing time; thus fuel may be processed with as little
as 30 days preprocessing decay time. This short decay period, combined
with the increasing specific power and high burnups of future reactor de-

signs, will exaggerate many fuel processing problems; for example, there
will be more decay heat to dissipate, more radioactive off-gas to contend
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with, more extensive disintegration of process reagents due to radiation,
and more severe plutonium criticality considerations. In addition, the
product-finishing end of the plant must be shielded owing to the presence

of certain isotopes in recycled plutonium and uranium (®3®Pu, <°%U).

The effect will be to direct plant design toward the use of high-
capacity, small-volume equipment; this is equivalent to minimizing the
plant inventory of both reactor fuel and process reagents. Continuous
equipment (as opposed to the batch operations characterizing the industry
in the past), and perhaps parallel lines to ensure operational continuity,
will be easier to maintain and cheaper to operate. Minimizing the in-

process inventory will serve both safety and economic considerations.

Transport. — Spent fuel shipping casks are expensive, but are most
economical in large sizes (about 120 tons). Casks will be designed with
relatively inexpensive removable canisters of such integrity as to ensure
containment of the enclosed fuel throughout the postulated accidents that
might occur during shipment. The sealed containers will permit the cask
to be readily loaded and unloaded at the processing plant to minimize
cask turnaround time, and the canisters will provide safe, contained stor-

age while the fuel is awaiting processing.

Head-FEnd. — Present mechanical shears are designed to accept entire
subassemblies, denuded only of their hardware. If fuel elements could be
designed to be readily disassembled (preshipment disassembly may prove
desirable with fuel elements of high specific power in order to facilitate
heat dissipation during shipment), small high-capacity shears, operating
continuously at high output, would decrease the cost of the head-end

equipment as well as facilitate its maintenance.

Outgassing of Volatile Fission Products. — One of the most difficult

problems in reprocessing is that of containment of the volatile fission

1511

products, especlally The volatile fission products (iodine, ruthe-

nium, tellurium, cesium, tritium, krypton, and xenon) have been found to
volatilize from oxide fuel at moderate temperatures (450 to ?SO°C).9’1O
Outgassing of these elements is accelerated when the atmosphere contains

oxygen because the interstitially-bound gas in the fuel is released during
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the resulting oxidation of U0, to Uz05. This preoxidation will relieve
the dissolution step of such treatment, thus reducing the consumption of
nitric acid and the formation of nitrogen oxides. If dilution by the
cell atmosphere is minimized, the volatile fission products can remain
concentrated, thereby making their capture and eventual encapsulation

much more efficient and reliable.

Although the noble gases are chemically inert, they can be concen-
trated by cryogenic distillation,TT absorption in fluorocarbons,12 or

13

diffusion through permselective membrane. The concentrated noble gases
could then be compressed and stored,Wh or immobilized with foam (plastic,

glass, or metal),15 assuming that this method can be shown to be practical.

Dissolution. — Simple batch dissolvers are frequently preferred for
small plants, particularly in instances where process control relies upon
chemical analyses. However, continuous leachers are presently under active
development in response to the obvious advantages of small physical size
and better criticality control. The use of oxXygen sparging promises to
enhance the dissolution rate and to inhibit still further the evolution

of the nitrogen oxides that complicate vessel off-gas treatment.

Extraction. — Countercurrent solvent extraction has been carried out
in a variety of contactors: mixer-settlers, pulsed colums, and, more
recently, fast centrifugal contactors such as those in service at Savannah
River16 or the stacked-clone contactors under development at ORNL.1?
Whereas the solvent has a total residence time in pulsed columns (and,
therefore, exposure to the fission product radiation associated with the
aqueous feed stream) on the order of 1 hr per extraction cycle, the cen-
trifugal contactors reduce this time to a few minutes. DNot only is the
radiation damage to the solvent substantially reduced, but the volume of

organic in the system and the attendant fire hazards are also reduced.

Instrumentation and Control. — Continuous equipment, such as the

centrifugal solvent extraction contactors, have such a rapid response to

process variables that automatic controls are almost mandatory. Centrifu-
gal contactors are controlled by the position of the uranium concentration
gradient in the cascade, largely eliminating the accumulation of off-grade

material resulting from operator error.
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Cell and Vessel Off-Gas. — The cell-ventilation and vessel off-gas

systems are primary sources of routine and accidental releases of radio-
activity. The recycle of gas from both systems is feasible and will
minimize the volume of off-gas needing routine treatment. Recycle will *
probably be economical, and the use of an inert cell atmosphere may become
practical. This would practically eliminate the possibility of solvent

fires in process cells,

Liquid and Solid Wastes. — It can be anticipated that all radioactive

liquid wastes from fuel reprocessing will be evaporated and blended to
yield only two streams: a high-level waste consisting of a highly concen-
trated solution of fission products and actinides, and a low-level agueous
waste that has been sufficiently decontaminated of radioisotopes to permit
it to be either discharged to the environment or recycled to the process.
The conventional practice of accumulating aqueous solutions of fission
products in underground storage tanks will probably be curtailed because
of the difficulty in providing safe containment of the more concentrated
solutions derived from reprocessing highly exposed power-reactor fuels.
Adequately engineered storage systems may be so complex and expensive, as
compared with the cost of early solidification of the wastes, that ligquid
storage systems will be limited in capacity merely to those surge volumes
needed for plant flexibility. Under these circumstances, liquid waste
inventories in storage would represent, at most, only a few weeks (or

months ) of plant operations.

i.7.3 Plant Decommissioning Considerations

With the exception of the studies of land reclamation costs at AEC
production sites, there has been no known, careful consideration given to
the eventual decommissioning of fuel-reprocessing plants. In the absence
of a formal review, only the following general comments on this subject

are offered.

The problem may be considered in two parts: one related to the plant
process structures, and the other to the surrounding land, including that
devoted to waste tank farms, solid waste burial grounds, and low-level

liquid waste disposal. With respect to the plant buildings, the question
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might be raised as to the need, in an expanding nuclear power economy,
for them to be decommissioned in a manner that would return them to un-
restricted use. Experience within the AEC has demonstrated that build-
ings housing fuel reprocessing and other types of radiochemical facilities
can be decontaminated to levels that permit routine access by personnel
and conversion of the facilities to other nuclear-related uses. One of
the best documented instances of such a decontamination operation is that
which followed an accidental plutonium release in an ORNL fuel reprocess-
ing pilot plant.18 The facilities in which this release occurred had
been used to develop and demonstrate processes for recovering irradiated
reactor fuels since 194L. Following this incident, they were decontami-
nated to levels well below those presently required by the AEC in termi-
nating licenses for all materials licensees. Furthermore, there is

19 The Pathfinder,

BONUS, Hallam, Carolinas Virginia Tube, and Piqua reactors have all been

experience in decontaminating nuclear power plants.

retired from nuclear service. In most instances, the uncontaminated areas
were converted to non-nuclear uses, while the radioactive areas and major
equipment were confined within biological shielding and sealed to prevent
access by the public. In the case of Hallam, the reactor-complex building
was demolished and removed from the site. The costs that have been re-
ported for operations of this kind cannot be considered to be exhorbitant;
yet it seems reasonable to expect that they might have been even less if
the facilities had been designed and constructed with the need for eventual

decontamination and decommissioning in mind.

Regulations have already been established that effectively limit the
disposal of radioactive materials on other than federal- or state-owned
land to very small (i.e., virtually negligible) quantities. Assuming
that this very prudent policy will not be relaxed to any significant ex-
tent, and considering the prohibitive costs of reclaiming substantial
areas of contaminated ground, it is obvious that the risks of contaminating
land must be minimized. This entails interim storage of all solid radio-
active wastes in concrete or other impervious enclosures from which they
can be retrieved. Similarly, all exterior piping and vessels containing

radioactive solutions, including liquid waste storage tanks, must be
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designed to meet the same containment criteria as are specified for the

processing areas.,

L.1.4 Design Criteria for Resistance to Farthquakes and Tornadoes

The design analysis made for the Midwest Fuel Recovery Plant™ (MFRP)
tends to demonstrate that fuel reprocessing plants can be made resistant

to the damaging effects of earthquakes and tornadoes.

One of the bases for MFRP design is that maximum earthquake and tor-
nado conditions shall not impair the ability to shut down the plant safely
and to maintain safe shutdown conditions. All potentially mobile radio-
active process streams are confined to the Main Process Building. Proc-
ess design is such that those operations which provide potential sources
of mobile radioactivity can be suspended on short notice. Control under
abnormal or emergency conditions is based on: prompt shutdown of process -
operations; maintenance of the integrity of confinement provisions, in-
cluding systems for off-gas control; and assurance that radioactive decay

heating does not lead to conditions of potential mobility.

On these bases, facilities critical to plant safety under emergency "
conditions are: the shielded cell (canyon) area, which provides confine-
ment for major process systems; radioactive material storage areas, in-
cluding the Fuel Storage Basin, Waste Vaults, and facilities for on-site
retention of Pu and Np product prior to shipment, and sand filter and

associated off-gas control and handling equipment.

Seismic design criteria for the MFRP plant are compared with those of
three operating power reactors in Table L.1. The MFRP plant is located in
a zone of low seismic activity. All foundations extend to bedrock, which
is either shale or limestone. The design earthquake forces, for which no "
damage to critical structures and components shall occur, are those associ-
ated with a ground acceleration of 0.1 g. Maximum earthquake ground accel- .

eration, for which there shall be no loss of safe shutdown capability, is

"General Electric Staff, "Design and Analysis - Midwest Fuel Recovery
Plant," Amendment 3. This section is based largely on the work at
General Electric and is printed with the permission of their staff.
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Table L;.1. Examples of Principal Seismic Design Criteria for Containment

Power Plant San Onofre Connecticut Yankee Malibu® MFRPb
Horizontal ground acceleration 25% gc 30% gd 10%
of MPE
Stress basis Working® 2/3 yield® Working
Ratio of vertical to horizontal 2/3° 2/3f’g 2/3h 2/3

ground acceleration

Provision for "safe shutdown"
earthquake and accident

Maximum horizontal ground
acceleration estimate by
Coast and Geodetic Survey

No loss of function
at 50% g¢

1o g*

Stress £ yileld and
no loss %f function

at 17%&

7% gj

Stress < yielde at LS% g

30% _g_k

Stress < yield and
no loss of function
at 20% g

20% gg

8Gurrent status does not include possible design provisions for fault displacement.

bFrom Preliminary Design and Analysis Report, Amendment 3.

°Final Engineering Report and Safety Analysis, Sect. 11.2.

d‘Pr‘eliminary Hazards Summary Report, Amendment 3, Exhibit C, Fig. 1.

ePreliminary Hazards Summary Report, Amendment 7, Exhibit F, p. 9.
£

Preliminary Hazards Summary Report, Amendment 2, Sect. 2.5 (revised).

€Horizontal and vertical responses are considered separately.

hPreliminary Hazards Summary Report, Amendment 8, p. 3.

1.8, Coast and Geodetic Survey Report (Oct. k, 1963).

Jy.5. Coast and Geodetic Survey Report (Jan. 9, 196l).

Ky.5. Coast and Geodetic Survey Report (Nov. 2L, 196L).

%y, S. Coast and Geodetic Survey Report (June 30, 1967).

-1
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0.2 g. The response spectra for the Design Earthquake are shown in
Fig. L,.7. Response spectra for the maximum condition have twice the

spectral amplitude shown in the figure.

MFRP plant structures aredesigned to withstand sustained wind veloci-
ties of 110 mph without impairment of any safety-related function. In
addition, critical structures are designed to withstand the effects of
short-term wind velocities of 300 mph without loss of shutdown and inven-

tory control capability.

Seismic design of critical structures utilizes the shears, mounts,
and displacements obtained from the preliminary analysis of their response
to the specified ground accelerations under anticipated plant operating
conditions. Recommendations set forth in the Uniform Building Code may
be followed by using horizontal static forces that are equivalent in their
design effect to the dynamic loads, and by taking into account the inter-
action of adjacent structures. Finally, to verify seismic design adequacy,
structures thus designed may be subjected to additional dynamic analysis
by the methods of modal analysis now being applied to critical power-reactor

facilities.

In the seismic design of critical mechanical equipment, vessels and
piping procedures developed for critical power-reactor system design may
be utilized. This requires determination of the natural periods of vibra-
tion of the equipment; these periods are classified as rigid, resonant, or
flexible, depending on whether the ratio of the fundamental frequency of
the equipment to that of the structure is greater than (or the fundamental
frequency of the equipment is greater than 20 cps), between 0.5 and 2.0,
or less than 0.5 respectively. At MFRP, rigid equipment is designed to
resist the spectral accelerations determined from the response spectra.
Items falling in the resonant category will, if possible, be modified by
design to avoid this classification. In cases where this is not feasible,
the design of such equipment will take into account the interaction be-
tween the item and its supporting structure by utilizing appropriate ana-
lytical procedures (e.g., response determined from time-history acceleration

input.)
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In responding elastically with small damping, structures dissipate
only a minor portion of the input energy; the remainder goes into strain
energy and kinetic energy. Damping is a type of deflection-energy hystere-
sis with internal vibration that converts input energy into heat. Damping
factors allow estimates of values of elastic energy absorption under exci-
tation and are expressed as percentages of "ecritical! damping. Table .2
gives examples of assumed damping factors used for the design of three

operating power reactor plants and the MFRP plant.

If the energy input under excitation exceeds the elastic energy stor-
age capacity of the structure, the response must become inelastic, and the
excess energy must be dissipated through yield of the structure. In turn,
the elements that are most rigid in the direction of distortion will yield.
One characteristic that an earthquake-surviving structure must have is
toughness, for, in many places, brittle failures cannot be tolerated. In
other, less-vital parts of the plant, the design for inelastic response
(based on the energy absorption capacity) can lead to an important savings

in materials.

L.2 Waste Management Technology: General

Radioactive wastes — solids, liquids, and gases — are produced at all
muclear industrial and research establishments. These waste materials will
vary in chemical composition, volume, and radioactivity level, depending
on the operations involved in their production. Normally, the sources of
- principal concern are the plants in which irradiated reactor fuels are re-
processed and, to a very much lesser extent, the reactor power stations;
in fact, the real focal point of the waste management problem rests at the
fuel-reprocessing plants and waste-disposal facilities because, at any given
time, most of the total inventory of long-lived, biologically hazardous

fission product will be found here.

The management of these waste materials currently is governed by the
application of three widely accepted principles: (1) "dilute and disperse"
the low-level liquid and gaseous wastes; (2) "delay and decay" the inter-

mediate- and high-level liquid and gaseous wastes, particularly those waste



Table L.2. Damping Factors in Percent of Critical Damping

San Connecticut c d
Component Onofre Yankee Malibu MFRP
Reinforced concrete structure 4.0 7.0 5.0
(including the reactor vessel,
reactor support structure, or ’
process cells)
Containment structure and foundation L.0 7.0 8.5 to 9.5° 5.0
Concrete structures above ground
a. Shear wall type 7.0 - 7.0 -
b. Rigid frame type 5.0 5.0 5.0 5.0
Steel frame structures, including
supporting structures and founda-
tions
a. Welded 2.5 1.0 1.0 1.0
b. Bolted or riveted 2.5 2.5 2.5 2.0
Mechanical equipment, including - 2.0 2.0 -
punps, fans, and similar items
Vital piping systems
a. Carbon steel 0.5 0.5 0.5 0.5
b. Stainless steel 0.5 1.0 1.0 0.5

#From Final Engineering Report and Safety Analysis.

bFrom Preliminary Hazards Summary Report, Amendment 3.

®From Preliminary Hazards Summary Report, Amendment 2, Sect. 2.5 (revised).

dFrom Preliminary Design and Analysis Report, Amendment 3.

eTentative, assuming subsoil shear modulus of 60 ksi.

ST-1
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streams that contain short-lived radionuclides; and (3) "concentrate and
contain'" the intermediate- and high-level solid, liquid, and gaseous
wastes. Since it is not always a simple matter to select one principle

in preference to the other two, some combination of the three is often
followed; of course, the nature and the volume of the waste, the limita-
tions of the site for safe disposal, the possible radiation risk to nearby
populations stemming from releases to the environment, and the cost must

be taken into account.

L.2.1 Applications of the Dilution-Dispersion Principle

The application of this principle requires an understanding of the

behavior of radioactive materials in the environment and of the pathways

by which the released radionuclides, particularly those that are considered

to be critical, may later lead to the exposure of man. There 1s a large
body of knowledge available for use in the applications of this principle,
particularly in the fields of meteorology, geology, geography, hydrology,
hydrography, oceanography, ecology, soil science, and environmental engi-
neering. Also, the experience with the disposal of gaseous effluents into
the atmosphere, of liquid wastes into streams and oceans, of solid wastes
at sea and on land, and of liquid wastes into the ground should prove in-
valuable. Applications of this principle have been made cautiously, and
wisely so, thus ensuring that the releases are minimal and well within

what is judged to be the local environment's capacity to receive them.

L4.2.2 Applications of the Delay-Decay Principle

This principle is concerned with techniques dealing with the handling,
storage, and disposal of intermediate- and high-level liquid and gaseous
wastes — in some circumstances, even with the methods used to handle low-
level wastes. The intent is to ease the problems of subsequent handling

or to lessen the risk of releases to the environment, taking advantage of

the passage of time and the decay of some of the radionuclides (particularly

those having short half-lives). Of course, if waste is held in storage in
a liquid form, the greater risk involved might, in some circumstances,

dictate the need for early conversion to solids.
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,.2.3 Applications of the Concentration-Containment Principle

This principle is invoked in techniques dealing with: air and gas
cleaning; treatment of liquid wastes by scavenging-precipitation, ion
exchange, and evaporation; treatment of solid wastes by incineration,
baling, and packaging; treatment of solid and liquid wastes by insolubi-
lization in asphalt; conversion of high-level liquid wastes to insoluble
solids by high-temperature calcination or incorporation in glass; tank
storage of intermediate- and high-level liquid wastes; storage of solid
wastes in vaults or caverns; and disposal of liquid and solid wastes in

deep geological formations.

,.2. Applications of ICRP Recommendations to Waste Releases

The policy of the nuclear industry has always been to try to keep
radiation exposures of the general population within the dose levels set
by the ICRP and various other national bodies. 1Indeed, its aim has been
to reduce the potential exposures below these levels, having regard for
what is reasonable and economical in the particular circumstances. Thus,
more restrictive limitations are sometimes applied than those considered
adequate by the ICRP.

In preoperational surveys or investigations in the initial phases of
operation, crude estimates of permissible release rates are calculated in
relation to appropriate dose limits for members of the public. The calcu-
lations are based on information relative to (1) the properties of the
waste, (2) the physical and biological characteristics of the site and
surrounding areas, and (3) the activities and habits of the nearby popula-
tions. Because of imprecisions in much of the information, additional
safety factors are often applied to arrive at working standards (usually
derived concentration limits) that are applicable to environmental media
and/or foodstuffs. As the operations proceed and the results of environ-
mental monitoring become available, the relationships between discharge
rates and working standards are brought into clearer focus and the permissi-
ble discharge rates and/or derived concentration limits are revised as

required.



4-18

},.2.5 Assessment of Current Waste Disposal Practices

Ultimately, the effectiveness of waste-disposal operations in the
nuclear industry must be evaluated in terms of doses or dose commitments
to members of the public as a result of these operations. The effects
that such operations may have on the physical and biological environment
must also be taken into account. Such an evaluation is almost impossible
to make at the present time. To date, the ecological effects of waste
releases have not received much attention because the releases have been
minimal and limited to a few localities. However, these effects may

require more attention by ecologists in the future.

A great deal of attention has been given to the dispersal of wastes
from the nuclear industry in the past 10 to 15 years. The primary objec-
tive has been to obtain positive assurance that the resulting radiation
exposures of members of the public have not exceeded the recommended popu-

lation dose limits.

L.2.6 Definitions of Terms

Wastes are usually classified as high-, intermediate-, or low-level,
depending on the concentrations and the toxicities of the radiocactive
constituents present. However, there are no generally accepled quantita-
tive definitions of these categories, possibly because of the many compli-
cated, and sometimes unknown, factors that must be taken into account to
satisfy a rigorous definition. Each installation usually classifies its
effluents on the basis of its own requirements for handling, treatment,
and release, although the classification is generally related, at least
qualitatively, to the maximum permissible concentrations in air (MPCa)
and water (MPCW) recommended by the International Commission on Radiological
Protection (IGRP).ZO In this report, unless otherwise specified, low-level
wastes are defined as wastes that contain radionuclides at concentrations
from 10 to 1OLL times their MPC for the general population; intermediate-
level wastes are defined as wastes that contain nuclides from 10h to 106
times their MPC; and high-level wastes are defined as wastes that contain

radionuclides in excess of 10~ times their MPC.
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In practice, the words "storage" and "disposal" are often used inter-
changeably with respect to radiocactive waste management. In this report,
the word "storage” means emplacement of materials with the intent and in
such a manner that the materials can be retrieved later. "Disposal! means
emplacement of materials in a manner or location that, for all practical

purposes, makes them irretrievable.

;.3 Waste Management Technology: High-Level Wastes

The high-level wastes obtained from decladding the fuel and from the
first-cycle solvent extraction are usually so different with regard to
physical, chemical, and radiochemical characteristics that they are handled
separately. Fuels are clad in alloys of Al, Mg, Be, Zr, and stainless
steel, all of which become radioactive by virtue of neutron activation of
the primary constituents or of impurities. From the standpoint of waste
disposal, the most significant of these isotopes are 527%9Co, 5°Fe, 5*Mn,
and %°7®2Ni in stainless steel, ®5Zr-Nb and *2°Sb in Zircaloy, and =°Al
in aluminum. In the United States, aluminum cladding from natural-uranium
metal fuels is removed by dissolution in NaOH-NaNO, solutions, whereas
European practice has been to remove the cladding by mechanical means.

In either case, the resulting wastes require long-term containment. Alumi-
num cladding solutions are stored in underground carbon steel tanks.m’22
In the United Kingdom, metallic cladding waste is stored in special concrete

23

buildings, -~ whereas, in France, it is compressed and stored in baskets

under water.

Processes have been developed for the dissolution of Zircaloy in
NH,NO5-NH,F solutions and for the dissolution of stainless steel in HpS0,
solutions. Hot-cell studies of these processes have shown that the cladding
wastes contain about 0.1% of the total fission products and other constitu-
ents of the fuel,25

present in the cladding wastes from oxide fuels. These wastes are very

as much as 90% of the fission product **7Cs may also be

large in volume, averaging 1500 to 2000 gal per metric ton of fuel proc-
essed. They are quite corrosive to ordinary materials of construction and,
on neutralization, form bulky sludges and precipitates that make handling
difficult. Because of these factors, mechanical methods for removing the
claddings appear especially attractive from the standpoint of waste manage-

ment.
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The first-cycle raffinates contain greater than 99.9% of the non-
volatile fission products originally present in the fuel; as a consequence,

they are the wastes that represent the greatest potential hazard. The

most prevalent waste of this type arises from processing natural or slightly

enriched uranium fuels, and can be a relatively pure solution of fission
products in dilute nitric acid. The operating practices at some plants
are such, however, that additional inert constituents, such as iron, sul-
fate, aluminum, phosphate, mercury, and silica, may also be present.
Raffinates obtained from processing other types of fuels (e.g., alloys of
enriched uranium with stainless steels, zirconium, molybdenum, and alumi-
num) contain substantial concentrations of the alloying materials. If
these raffinates are neutralized, many of the alloying constituents and
fission products that are present form precipitates. As much as 80% of
the decay heat may be associated with the solids under such conditions,

thus complicating the problems of heat removal and waste transport.

Fission products are present in typical first-cycle raffinates in

L

concentrations from 107 to 1010 greater than their MPCW values; this indi-
cates that a high degree of separation would be required before the water
and other inert constituents of the waste could be safely released to the
environment. A total of about 9 x 109 m3 (5 cubic miles) of water would
be required to dilute to MPCw all the fission products present in the
waste obtained from processing 1 metric ton of fuel that had been irradi-
ated to 10,000 Mwd (thermal). From 1000 to 1500 years would be required
for the longest-lived nuclides, °°Sr and *®%Sm, to reach MPC_ through
natural decay. Furthermore, in addition to fission products, these wastes
contain variable quantities of actinides, notably isotopes of Pu, Am, and
Cm, with half-lives and biological toxicities that impose additional re-
strictions. Clearly, fission-product separation, dilution, or decay alone
does not offer a feasible method of managing these wastes; however, all of
these methods may be used singly or in combination as important steps in

achieving that end.

4.3.17 Liquid Wastes

Interim Liquid Storage. — Currently, the first-cycle raffinates are

reduced in volume, by evaporation, for more economic storage in tanks.



Lh-21

During the evaporation step, the volatility of nitric acid may be enhanced
by steam stripping, and part of the acid may be decomposed by reaction with

27

formaldehyde26 or sugar. In the United Kingdom, the evaporation is car-
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ried out under a vacuum corresponding to a pressure of 70 mm Hg.

At AEC production sites, the volumes of concentrated raffinates range
from 1j0 to several hundred gal per metric ton of fuel processed; and ac-
tivity levels may be as high as several thousand curies per gallon, result-
ing in heat generation rates of 20 to 30 Btu hr™* gal-!. In both the United
Kingdom and France, great care is taken during processing to keep the first-
cycle wastes free of inert salts; consequently, volume reductions to 10 to
15 gal per metric ton of fuel (and proportionately higher volumetric heat

generation rates) are routinely achieved.

The wastes are stored as acid solutions in stainless steel tanks, or
they are neutralized and stored in carbon-steel tanks. In the United
States, these tanks, which range in capacity from 0.33 to 1.3 million gal,

are encased in concrete and buried underground.21’29’30

Decay heat is
removed during storage either by allowing the neutralized wastes to self-
heat, condensing the vapors, and returning the condensate to the tanks, or
by use of water-cooling coils submerged in the waste. The smaller volumes
of more-concentrated fission product solutions in Europe are stored at
environmental temperatures in stainless steel tanks of 15,000- to 20,000-
gal capacity. These tanks are equipped with water-cooling coils, and are6 g
26,2

housed in concrete vaults that are enclosed in industrial-type buildings.

The tanks are equipped with devices for measuring temperatures and
liquid levels, detecting leaks, and agitating the contents; they are also
equipped with emergency facilities to maintain cooling and other essential
services. Costs are dependent on tank size, materials of construction, and
the degree of cooling and secondary containment required. In the United
States, capital costs range from about $0.50 per gallon of storage capacity
for 1.3 X‘106—gal carbon-steel tanks without cooling facilities to $5.L40
per gallon for 300,000-gal stainless steel tanks equipped with cooling
coils.

The experience with tank storage over the past 20 years has not been

uniformly good. A total of more than 80 million gal of waste is currently
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being stored in about 200 underground tanks in the United States. Fifteen
tank failures, all in carbon-steel systems,* have been reported. Eleven
of these failures occurred at Hanford, where it is estimated that 140,000
curies of *27Cs (and relatively minor amounts of ®°Sr and *°°Pu were re-
leased to the ground.31

clides were retained by the soil within 10 to 15 ft below the tanks. Four

Subsequent investigation showed that the radionu-

tank failures and one release during a waste transfer operation occurred
at the Savannah River Plant (SRP).3223° Tt is estimated that about 700 gal
of waste may have leaked from the tanks, although measurements of ground-
water contamination indicated that the release was much smaller than this.
A plugged waste tank inlet at SRP caused an overflow of waste concentrate
containing about 2000 curies of *°7Cs during a waste transfer. However,
no appreciable amount of radicactivity reached the river due to the sorp-
tion of cesium by sediments in the sewer and in the stream into which the
sewer discharged. Although the causes of the tank failures are believed
to be well understood and appropriate corrective measures are believed to
have been incorporated in the designs of new tanks now under construction,
a general lack of confidence in the long-term integrity of these systems
seems to be merited, particularly as they pertain to the Civilian Nuclear

Power Program.

An alternative to liquid storage may be immediate solidification of
the wastes and interim storage as stable, solid products encapsulated in
relatively small, portable containers of high integrity. If the wastes
are solidified, using a fluidigzed-bed calciner, it may be more economical
to store the granular solids on an interim basis in vented, air-cooled
bins (similar to those at ICPP) before encapsulation and shipment to perma-

3L

nent storage. However, it i1s possible that the practical and economic
advantages to be gained by allowing many fission products with short and
intermediate half-lives to decay prior to additional waste processing will

make interim liquid storage for at least a few years a virtual necessity.

%No leaks have been detected in the stainless steel tanks at the Idaho
Chemical Processing Plant (ICPP) during the 16 years that some of them
have been in service.



L-23

If so, the problems of heat removal, the requirement that the waste be
maintained in a condition amenable to rapid, efficient transfer, and the
economics of future solidification would dictate that the fission prod-
ucts be stored as relatively pure, acid solutions under non-boiling con-

ditions. This statement is based on the considerations discussed below.

Heat Generation Rates. — Power-reactor wastes that are derived from

fuels of high nuclear burnup will contain much larger quantities of fis-
sion products than do current wastes. In designing tanks and cooling
systems to remove decay heat, consideration must be given to: (1) the

age and concentration of the fission products at the time they are to be
added to the tank, (2) the thermal characteristics of the waste, as deter-
mined largely by the physical states and concentrations of the inert
chemicals present, and (3) the rate at which the tank is to be filled.
There is 1little experience in storing power-reactor wastes, but a careful
review of Hanford and Savannah River operating experience with existing
tank farms indicates that, as acid solutions 120 to 150 days old, wastes
with concentrations of inert salts comparable to present Purex production
wastes could be stored at a volume of about 100 gal per 10h Mwd (thermal)
of fuel exposure. If these wastes are neutralized, considerations of heat
removai from the precipitated solids indicate that storage at about 600 gal

the radioactivity level of the acid wastes 150 days after removal of the

per 107 Mwd (thermal) of fuel exposure would be practical. On this basis,
fuel from the reactor is about 13,700 curies/gal, which is equivalent to
200 Btu hr~* gal™l; in the alkaline case, it is about 2300 curies/gal, or
30 Btu hr~* gal™*,

If a plant handled the fuel from an installed capacity of 23,500 Mw
(electrical) (an annual load of ~ 687 tons of 33,000 Mwd/ton fuel, decayed
150 days) for a period of 20 years, it would accumulate fission products
(in its waste storage system) having heat generation rates as shown in
Fig. L.2. 1If the wastes were stored as liquids, approximately 227,000 gal
of acid waste or 1,360,000 gal of alkaline waste would be accumulated
annually. Figure l,.2 shows example cases of tanks containing from about
100,000 to 900,000 gal of acid waste, or the proportionate amounts of

alkaline waste. Maximum heat-generation rates of 1.7 x 107, 2.8 x 107,
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4.2 x 107, and 5.6 x 107 Btu/hr are obtained when tanks A through D,
respectively, are first filled. The rates then decrease with time and
reach a value of 10® Btu/hr after a decay period of 100 to 250 years.
This is about the rate of heat loss by natural conduction to the environ-

ment from each of these tanks.

Radiolytic Hydrogen Production. — The radiolysis of water or aqueous

solutions results in the production of hydrogen and oxygen. In the case
of nitrate solutions, the hydrogen yields, G(Hg), defined as the number
of molecules formed per 100 ev of absorbed energy, have been shown to be
dependent on the nitrate ion concentration. From the data of Mahlm.an,35
it is estimated that G(Hg) for the acid wastes and the alkaline wastes
are 0.03 and 0.10 respectively. These values are equivalent to about

3 ft° of Hy (STP) per 10° Btu of fission-product heat in acid waste, and
10 f£t%/10° Btu in the alkaline case. If the waste is not stored under
self-boiling conditions, provisions must be made to sweep the hydrogen

from the vapor space above the waste and prevent its accumulation in the

tank.

Corrosion. — Although the general corrosion rate for carbon steel
that is used to store alkaline waste is only about 0.02 mil/year, some
pitting has been observed;36 also, stress corrosion which occurs at the
weld-affected areas, has indicated the need for heat treatment of the
tanks, in place, before use.32 Overall corrosion rates of types 30LL and
31,7 stainless steel during storage of acid wastes at about 140°F are a
few hundredths of a mil per month, with grain-boundary but no intergranular
attack.37’38 However, the rate of corrosion of stainless steel by acid
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