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APPENDIX A

LIGHT WATER REACTOR FUEL CYCLE

Electricity nay be generated from nuclear power by a variety of technologies. Comercial nuclear
power in the United States has principally used light water reactor technology. One of the
products of this technology is plutonium, which has potential use as nuclear fuel. Spent fuel
may be recycled into new fuel or disposed of as shown in the fuel cycle steps illustrated in
Figure A l. In this appendix the various stages of the fuel cycle arc described.

There are many similarities between nuclear powered and fossil fueled electric generating sys-
tems. In both, a heat source transfoms water into steam that operates turbine-generators
producing electricity. The primary functional difference between the two systems lies in the
nature of the heat source. In a fossil fueled systen, heat is produced by the combustion of
oil, coal, or natural gas in a boiler; the heat of a nuclear stean supply systen is produced by
the process of fission in a nuclear reactor.

Nuclear fission results from a free neutron * splitting the nuclei of specific isotopic foms of
certain elenents (fissionable, or fissile, materials) into two nearly equal parts that become
the nuclei of two lighter elements termed fission products. Relatively large amounts of heat
and two or three free neutrons are released in the process. Under proper conditions, the free
neutrons may strike other fissionable atoms, causing a repeat of the process. When conditions
are such that the process proceeds at a self-sustaining rate, " criticality," or a nuclear chain
reaction, is achieved.

Nuclear reactors are devices designed to pemit nuclear fission under highly controlled safety
and radiological conditions to achieve specific ends. In the case of nuclear power reactors,
the end sought is controlled release of heat to generate steam to turn turbine-generators.

There are only three basic fissile materials--uraniun-233, uranium-235, and plutonium--that can
be used as reactor fuel. Uranium-235 is the only fissile naterial occurring to any significant
degree in nature. Uranium-233 is produced when the nucleus of a thorium-232 aton absorbs a free
neutron (neutron irradiation), and plutonium is produced by the neutron irradiation of ura-
nium-238, the most abundant naturally occurring uranium isotope. Because they can be transfomed
into fissile materials, thorium-232 and uranium-238 are called " fertile." Nuclear reactor fuel
usually consists of a mixture of fissile and fertile isotopes. As the fissile isotopes fission,
some of the fertile material is converted into new fissile isotopes, thus providing additional

fuel for the reactor.

* Neutrons are one of several types of " subatomic" particles that fom the nucleus of an atom.
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Numerous types of nuclear reactors of differing levels of sophistication, designed for various
applications, and using assorted types of fuel have been developed. Those used in the United
States for concercial generation of electricity are predominantly of the light water moderated
type. Other types may gain increased commercial application in the future. Fuel for present
light water reactors (LWR's) consists of uranium artificially enriched from a natural level of
0.7% uranium-235 to about 2-4% uranium-235. Thus uraniun-235 is the principal fissile isotope

in fresh LWR fuel .*

Since fission depends on free neutrons striking fissile atoms, the rate of fission in a reactor
core is controlled by regulating the availability of f ree neutrons. This is accomplished by use
of movable control rods containing compounds that are not fissionable but that will readily
absorb neutrons, thereby making then unavailable to continue the chain reaction. The rate of
fission can be increased or decreased by raising or lowering the control rods in the core (expos-
ing less or more of the neutron-absorbing compound). Some reactors have two sets of control
rods--one for routine regulation of fission rate under nomal operating conditions, and one set
to quickly shut down the reactor in case of "of f-nomal" conditions.

Ordinary (light) water plays a dual role in light water reactors, serving as both moderator and
coolant. Fissile naterials in LWR fuel have a greater tendency to fission when exposed to
collisions of relatively slow-moving neutrons; however, when initially released during fission,
neutrons move at high speeds. Water circulated thraugh the reactor core "noderates," or slows
down, these neutrons, increasing the probability that the neutrons will strike a fissile atom
and cause that atom to fission. The same circulating water also acts as the reactor coolant,
removing the heat generated during nuclear fission.

There are two kinds of LWR's--pressurized water reactors (PWR's) and boiling water reactors
(BWR's). The names refer to the condition, or physical state, of the water in the reactor core
(Figure A.2). In PWR's, the water is kept under considerable pressure to permit it to absorb a
great deal of heat without boiling. The heated water is circulated from the reactor core to a
steam generator, where the heat passes across the walls of heat exchanger tubes, turning the
water in a second circulating water system into the steam that turns the turbine-generators.
Thus, under nomal operating conditions the water that cools the core of a PWR does not come
into contact with the electrical generating turbine. In BWR's, as the name implies, the cooling
water is allowed to boil in the core, directly producing steam that operates the turbine genera-
to rs .

The development of a conmercial nuclear electric generating industry during the past two decades
has given rise to a number of industrial operations to produce and process uranium fuel. The
operations involved are collectively referred to as the nuclear, or light water reactor, fuel
cycle, and consist of the following activities:

1. Mining of uranium ore; q%yn omm
4 4.J f

*As operation of the reactor proceeds, however, part of the fertile uranium-238 is converted
into fissile plutonium-239 through neutron irradiation, and fissioning of this plutonium pro-
vides about a third of the power generated by an LWR.
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2. Milling of the ore to produce a semirefined concentrate (U 0 )I38

3. Conversion of U 0 into urantun hexafluoride (UF )I38 6

4. Enrichnent of UF to about 2 to 4% in the isotope uranium-235;
6

5. Conversion of the enriched UF to uranium dioxide (UO ) and fabrication of UO26 2

into reactor fuel (fuel fabrica~ ion);

6. 51orage of the spent fuel;

7. Reprocessing of spent fuel (af ter its use in a reactor) to recover reusable uranium
and plutonium;

8. (Waste fianagement) - Storage and ultimate disposal of the radioactive wastes and/or
spent fuel generated at various stages of the fuel cycle; and

9. Transportation of radioactive material to and fron various facilities involved in the
fuel cycle.

At pre 3ent, the fuel cycle is open ended because no spent fuel may be reprocessed comercially
to recover usable uraniun and plutonium.I

Each stage of the fuel cycle, Figure A.l. is described in the following paragraphs:

* Mining -- The initial step in producing LWR fuel is mining of uranium ore. General
techniques used to nine the ore are similar in most respects to those in other mining opera-
tions. Both open pit and underground mining are used, depending on the depth of the deposit and
the nature of the overburden. Natural uranium are is not sufficiently radioactive to necessi-
tate special packaging or transportation procedures.

In tne United States the najority of known uranium deposits are in the West; New Mexico, Wyoming,
Colorado, and Utah produce nearly 90% of the uranium nined in the United States.2 The United

States deposits are among the largest ir the world, but there are other major deposits in Canada,
Australia, Soutn Africa, and South West Africa.

The Atomic Energy Act of 1954 provides that all uranium processed in Federally owned uranium
enrichment plants (see below) for use as fuel in U. S. power reactors must be of U. S. origin.
This restriction, however is to be gradually lifted. While there are more than sufficient
uranium resources (known reserves and probable resources) in the United States to fuel for its
lifetime the nuclear capacity projected for the year 2000,3 economic factors may dictate that
the United States will, within a few years, becone an importer of uranium.

Milling -- Af ter being mined, uranium ore is shipped to a mill (usually in proximity to
the nine) for initial processing, which involves crushing, grinding, and Chenical treatment
(acid or sodium carbonate leaching and precipitation) to extract the uranium as a semi-refined
product, primarily U 0 , c m nly called yellowcake. The yellowcake is drumed for shipment to38
a uranium hexafluoride conversion plant, the next step in the uranium fuel cycle. Yellowcake is
nomally shipped by truck or train in standard netal drums.

. A-5
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Waste products, or tailings, of the nilling process are pumped to open tailing ponds for storage.
The ponds are designed so as to prevent release of contaminated wastes to surrounding
terrestrial or aquatic habitats.

Conversion to UF6 -- The gaseous diffusion enrichment process by which the uraniun-235
content of uranium fuel is increased from the naturally occurring 0.7% to 2 to 4% requires that
the uraniun be in the fom of uranium hexafluoride (UF ). At nomal roon tenperature UF is a

6 6
white solid, but at slightly elevated tenperatures it becones a gas, a property that nakes the
cmpound suitable for the enrichnent process.

The U 0 fran a uraniun nill is purified and converted into UF at one of two connercial conver-38 6
sion plants in the United States--the Allied Chemical Plant at fletropolis, Illinois, or the
Kerr-ficGee Plant at Sequoyah, Oklahona. Each plant uses a different process to produce the UF '

6
The Allied plant employs a " dry" or Hydrofluor process that involves a series of reduction,
hydrofluorination, and fluorination steps in fluidized bed reactors, followed by fractional
distillation to recover the purified UF . At the Kerr-l;cGee plant, a " wet" process is used. A6

chemical solvent extraction is used initially to produce a high purity uranium dioxide feed that
is subjected to reduction, hydrofluorination and fluorination. UF is nomally shipped from the

6
conversion plants to the enrichnent plants by truck in 10- or 14-ton netal cylinders.

Enrichnent -- As previously indicated, connercial LWR's in the United States operate with
uranium fuel enriched to 2 to 4% in the fissile isotope uranium-235. The enrichnent process is
conducted at three governnent-owned gaseous diffusion plants located at Oak Ridge, Tennessee;
Paducah, Kentucky; and Partsmouth, Ohio.

The gaseous diffu; ion enrichment process pemits the separation of UF6 gas into two streans--one
strean enriched in the uranium-235 isotope (preduct strean) and one depleted *in uraniun-235
(tails strean). The process takes advantage of the fact that the average velocities of gas
nolecules at a given tenperature are inversely proportional to their nass. Thus in a gaseous

2E Onixture of nolecules of differing mass (in this case UF and UF ) the velocity of the6 6
lighter nolecules (235UF ) is greater than that of the heavier nolecules ( UF ). The UF 93S

O
6 6 6

is pumped through a chamber (called a stage) divided into two sections by a thin porous nenbrane.
The pressure of one section is slightly lower than in the other. Because of their greater
velocity, the lighter nolecules ( 35UF ) will strike the dividing barrier more frecuently and6

thus have a greater probability of passing through one of the holes in the menbrane. This
results in separation of the gas into two streans--one with a higher percentage and one with a
lower percentage of uranium-235 than natural uranium. The degree of separation that can be

achieved in any one stage is rather snall, and thus UF is passed through many such stages to6
achieve the desired enrichment of the product strean (enrichment to 4% uranium-235 requires
about 1,200 stages).

The enriched UF is considered a fissile naterial, thus requiring the use of special shipping6

containers and transportation procedures to protect public health and safety.

* Fuel Fabrication -- Enriched UF is next shipped to a fuel fabrication facility to convert6

the enriched uraniun into its final fuel fom (U02 pellets) and to fabricate fuel assenblies.
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is subjected to a series of chenical treatments to convert it toThe slightly enriched UF6
uranium dioxide (UO ). The bulk UO is mechanically and themally treated to produce high-

2 2

density ceramic fuel pellets of specific size, and the pellets are placed in metal-clad fuel
rods. Af ter they are completed and inspected, a number of fuel rods are clustered together into
fuel assemblies and shipped to nuclear power stations for insertion into the reactor cores.

A number of United States companies are engaged in the fabrication of fuel for comercial power
reactors. These include the four United States nanufacturers of LWR's (Babcock and Wilcox,

Canbustion Engineering, General Electric, and Westinghouse) and others (e.g., Exxon Nuclear Co.
and General Atomic). These companies operate plants with varying fabrication capabilities.
Some have complete facilities for production of uranium pellets and fabrication of fuel assen-

"IY)*blies; operations at others are limited (such as production of UO2

Spent Fuel Storage -- Typically spent fuel is held in the reactor storage pool for several
months to several years. The various options for longer tem storage, such as long-tem wet
storage and long-tenn dry storage, are discussed in detail in the body of this docunent.

* Spent Fuel Reprocessing -- Reprocessing is the chemical treatment of spent reactor fuel
to separate residual uranium and plutonium from the radioactive wastes produced during reactor
operation. The process involves opening of the fuel rods, nitric acid leaching of contained
naterials, solvent extraction of uranium and plutonium nitrates from the fission products, and a
partitioning step to separate the uranium and plutonium. After purification, the uranyl nitrate
is converted into UF , and the plutonium nitrate is ccoerted into plutonium dioxide (Pu0 )*

6 2

These two products can then be recycled to the appropriate step of the fuel cycle for reuse.

Because of the high radioactivity of spent reactor fuel, the reprocessing operations must be
carried out remotely in buildings incorporating multiple levels of confinement and redundant
safety systems to insure protection of workers, the public, and the environment.

As indicated earlier, commercial operation of reprocessing plants has been deferred indef t-
Initely by the Nuclear Regulatory Comission in deference to the President's policy on non-

5 has been teminated.Iproliferation.4 As a result the generic study on pinonium recycle

The U. S. reprocessing plants are Nuclear Fuel Services (NFS) at West Valley, New York; General
Electric at Morris, Illinois; and Barnwell Nuclear Fuel Plant (BNFP) at Barnwell, South Carolina,
(owned by Allied-General Nuclear Services). NFS began operation in 1966 but is currently shut
down. Construction of the GE Morris plant is complete, but preoperational testing revealed a
number of technical problems. GE has deciV1 to close the plant, though spent fuel storage
facilities are available for use. BNFP car..at receive any operating license for commercial
reprocessing under present regulatory decisions.I

Weste Management -- The potentially hazardous nature of radioactive material generated by
the nuclear fuel cycle necessitates waste management schemes that are considerably more complex
and stringent that those used by most conventional industries.

Gaseous, liquid, and solid radioactive wastes are generated at all stages of the fuel cycle.
The tem " waste" includes (1) the mining and mill tailings generated in the recovery of uranium
from ores; (2) process wastes generated by the operations involved in the production of reactor

A-7
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fuels; (3) radioactive materials generated during reactor operation--naterials made radioactive
by exposure to neutrons, materials that are contaminated with radioactive materials and filters
and ion exchange resins generated during purification of the primary water systen; and (4) the
fission products and transuranic nuclides separated from it during reprocessing. These are in
the fom of high level wastes which are concentrated fission products and low level wastes of
various foms which may or may not contain transuranic elenents.

All nuclear facilities generating or processir.g potentially hamful amounts of radioactive
materials are equipped with radioactive Waste treatment systems designed to contain, detect,
collect and treat these radioactive mat: rials so as to prevent exposure of workers, the public,
and the environnent to dangerous levels of radiation under nomal or credible accident conditions.

Radioactive waste manfgement programs must take into account not only the type and intensity of
radiation enitted by the waste, but also must consi6r the duration of the hazard. By defini-

~

tion, radioac* naterials are unstab~e isotopes that decay, emitting radiation in the process.
The emission of radiation continues until the decay process results in the fomation of a stable
isotope. The rate of decay varies from isotope to isotcpe, and is expressed as an isotope's
hal f-l i fe . The half-life is the time required for any given amount of an isotope to be reduced
by one-half through radioactive decay. For example, starting with 20 kilograms of a radioactive
material with a half-life of two years, ten kilograms of the isotope would remain af ter the
first two years, five kilograms after four years, and so on, until eventually the amount remain-
ing would be undetectable. The half-lives of various radioactive isotopes produced by reactor
operation range fran seconds for sone of the more short-lived isotopes to centuries for the more
long-lived ones. Therefore, management schemes must not only provide imrediate protection from
the radiation emitted by radioactive wastes, but must also ensure that the waste generated now
will not endanger the health and safety of future generations.

Uranium mill tailings, nomally in the fom of a slurry, are discharged to a tailings pond
designed to promote concentration of the contained solids by evaporation and minimize the disper-
sal of the contained (natural) radioactive materials to the local environment. A draf t generic
environmental inpact statement on uranium milling, published in April 1979,3 reconnends criteria

on acceptable methods of disposal of mill tailings. All mill operators are now required to
develop tailings management and disposal plans which meet NRC interim criteria. These criteria

require the disposal of tailings in such a way as to return the disposal area to essentially
(natural) background conditions.

The bulk of the next higher category of radioactive waste--low-level waste emitting beta or
gamma radiation--are generated by the treatment of the waste streans of nuclear plants. Low
level wastes generate a negligible amount of heat, and because of the nature of the radiation
emitted, require a minimal amount of protective shielding. Af ter appropriate treatment and
packaging, low level wcstes usually are shipped to one of six licensed burial sites in the
United States. Only three of these sites are presently operational. Although these burial
operations are conducted by commercial fims, the sites are all on State or Federally owned land
to insure perpetual maintenance and controlled access.

Transuranic wastes generate a relatively small amount of heat and require less shielding than
the most dangerous levels of radioactive waste, but still contain sufficient levels of penetrat-
ing, long-lived isotopes to warrant nearly perpetual containment. Included in this category

A-8 O ^



would be the hulls of fuel rods af ter treatment at a reprocessing plant and certain other wastes
contaminated with plutonium and other transuranic isotopes during operations at reprocessing and

fabrication plants.

The greatest challenge to the radioactive waste management field is the handling, storage, and
particularly the ultimate disposal of the high level radioactive wastes generated by the repro-
cessing of spent reactor fuel, or if reprocessing is not implemented, the spent fuel itself.
These high level wastes will consist of large concentrations of long-lived radioisotopes that
emit intense and penetrating radiation and have high heat-generation rates. These wastes in-
clude the various fission products generated by irradiation of reactor fuel. Also requiring
special precautions are other materials sufficiently contaminated with plutonium to warrant
treatment as high level wastes.

High level radioactive waste requires extraordinary handling, packaging, and storage techniques.
A number of schemes for ultimate disposal of radioactive waste have been evaluated. Although no

specific method has been chosen, some fom of geologic disposal is favored. Also under study
are various concepts for safe interim storage pending decisions on ultimate disposal.

Transportation -- The transport of radioactive materials occurs at all sta;,es of the
nuclear fuel cycle and is regulated primarily by the Nuclear Regulatory Comission and the
Department of Transportation. Regulations are designed to protect transportation workers and
the public fran exposure to dangerously high levels of radiation even if a transportation acci-
dent should occur. Major emphasis is placed on design of packaging and shipping containers,
with these designs incorporating the degree of protection warranted by the nature of the material
being shipped. Attention is also given to procedures to be followed during transit.

Within the United States, bulk shipment of radioactive materials is by truck or rail over public
transportation routes. Like other stages in the fuel cycle, transportation procedures incorpor-
ate safeguards designed to prevent the theft or diversion of radioactive material.
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APPENDIX B

HANDLING AND STORAGE OF SPENT FUEL

1.0 PRESENT PRACTICE

The present-generation nuclear power plants were designed and co1structed during the late 1950's
and the 1960's. Reactor nanufacturers maintained organizational components that perfomed

internal design reviews and audits to ensure the safety and reliabil ty of the nuclear power
plants being built. As a part of the infomation provided to various utilities, a " Technical
Description" describing the plant design in detail was developed. For each proposed station
this infomation was reconstituted into a second document called a " Preliminary Safety Analysis
Report" (PSAR) and ultimately into a " Final Safety Analysis Report" (FSAR). These were submitted
to the Atomic Energy Commission ( AEC) for review and approval. There followed a pemit to
construct and later a license to operate the plant. The PSAR and FSAR concentrated primarily on
the safety aspects of nuclear power plants and included analyses of the nost severe accidents
postulated. The design basis for fuel storage pools was described in the PSAR's and FSAR's. In

short, the design basis for fuel storage pools underwent a series of judgements and evaluations
starting with the designer, reviewed by the intemal safety committees, and finally reviewed by
the AEC (now reviewed by NRC), the Advisory Connittee on Reactor Safeguards (ACRS), and the

i in public hearings. From this design basis infomationAtomic Safety and Licensing Board ( ASLB

and operating experience, many standards and criteria have been developed for use by those who
are designing fuel storage pools today or who are providing for increased capacity in fuel
storage pools in operating nuclear power plants.

Reactors of the current generation typically have storage space for about one and one-third
cores. The spent fuel racks were not designed for spacing as close as is possible (i.e., compact
storage, see Chapter 3.0). An equivalent of one core's discharge capability is preferred to be
unused ano available for a complete maintenance or emergency discharge of the operating core,
temed full core reserve (FCR). At present, each reactor pool typically stores only fuel used
in its own reactor.

1.1 SPENT FUEL P0OL CONFIGURATION AND STORAGE CAPACITY

The water-filled fuel storage pool has been chosen for storage of spent fuel asse~ blies at
reactor stations primarily because of the convenience and effectiveness provided. Water is used
for shielding and cooling and as a transparent medium to f acilitate fuel handling operations.

The configuration of the fuel storage pools is essentially the same for all nuclear power plants.
The pools are rectangular in horizontal cross section and 39 to 40 feet deep. Fuel assemblies
are placed in storage racks at the bottom of the pool. The racks hold the fuel assemblies in a
vertical position and maintain the spacing between assenblies. Insertion or removal of fuel

qa n v. -u %yeyQB-1
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assemblies is accomplished vertically from above the racks. The 13.5 to 14.5 foot long fuel
rods must remain submerged during fuel removal from or insertion into the racks; thus for this
reason alone, the water must be at least 28-30 feet deep. An additional 8 to 10 feet of water
is required for shielding. This amount of shielding water is needed for a high burnup fuel
assembly just removed from the reactor. The total depth of nost pools thus nust be abu st 10
feet. The direct radiation at the pool surface frm the fuel stored at the bottom of the pool
is very low because the water depth of about 25 feet is equivalent to about 10 or 11 feet of
concrete in shielding value.

The pool is filled with pure, demineralized water (for BWR's), or demineralized water to which
borate (usually in the fom of boric acid) has been added (for PWR's). The reason for the
difference is that a PWR uses the " chemical shim" neutron absorber (borate) in the primary
system, and the fuel storage pool is also borated in order to match the primary system during
refueling. The BWR does not use the chemical shim in the primary system and therefore borate is
not adde <1 to CWR storage pools. The PWR pool is slightly acidic (pH of 5-6), and the BWR pool
is neutral (pH of 7). Both storage media effectively provide the three basic requirements of
shielding, cooling, and transparency for fuel handling. Design temperatures are 120-125'r
maximum for nomal operation and 150*F for abncmai operation. Experience to date shows pools
are operating at 100*F or less. Consequently, the fuel is stored in a low temperature, low
corrosion environment. The corrosiveness of the neutral to slightly acidic fluid is acceptably
low for the three major materials used--stainless steel, Zircalcy, and aluminum.

The pools are constructed of reinforced concrete with sufficient thickness to meet radiation
shielding and structural requirements. Each pool is lined with stainless stee; plates (3/16" to
1/4" thick) welded together to ensure a leaktight system. The liners are pNvided with various
leak detection systems. Skimner systens and filter-demineralizer systems are provided to clean
the pool water. These cleanup systems are in addition to the pool cooling systen that renoves
decay heat from the stored fuel.

BWR refueling systems are designed witn the fuel storage pool on the reactor operating floor.
In nost cases the operating floor is elevated in the reactor building above ground level about
90 to 95 feet, while the bottom of the pool is 50 to 55 feet above ground level. This feature
necessitates some aaditional requirements over those for pools located at ground level. Primari-
ly, the pool and rack structure is designed to higher seismic loadings because of the amplifica-
tion factors that are caused by the movement of the building in a seismic event. Also, the pool
loadings require additional evaluations when the ground support is not available. 3re recent

BWR designs provide for ground-level storage pools. When the BWR reactor is shut down for
refueling, the reactor is cooled, opened, and filled with water to the same level as the refuel-
ing pool. A second pool adjacent to the reactor is used to store internal reactor components
(dryer and separator). With this system a single refueling bridge and grapple is used to carry
out all refueling operations, fran removal nf the spent fuel from the reactor to its placement
in storage positions in the fuel storage pool .

The PWR refueling system uses a ground-level fuel storage pool that is exterior to the reactor
building in the fuel or auxiliary building. When the reactor is shut down for refueling, it is
opened and the water level is raised to the refueling level. Fuel is removed from the reactor
by a fuel handling grapple system. Fuel assemblies are passed horizontally through a transfer
tube into a transfer canal. In the canal, the fuel is again raised to a vertical position,

*
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piched up by a second grapple systen, and moved to the fuel storage pool, where it is plarpd in
a rack.

The storage pool ranges from 30 to 60 feet long and from 20 to 40 feet wide. The storage area
varies with tha amount of fuel to be stored, which in turn depends on the type and size of
reactor. In addition, the pcol must acconmodate the amount of non-fuel equipment to be stored
in the pool and the number of fuel handling operations to be carried out in the pool. Physically,
the cross-sectional area of a fuel assembly for a BWR is smaller than for a PWR. Both assenblies
are about the same length, but the BWR assembly is about 51/2 incSes square, while the PWR
assembly is 71/2 inches to 81/2 inches square. The net result is that there are more fuel
assemblies in a BWR than in a PWR for the same size reactor.

Reactivity is greater in a PWR assembly than in a BWR assembly. Because of this, PWR fuel
requires greater spacing (assenbly to assembly) in the fuel storage pool than is required for
BWR fuel for the same criticality limits. Separate storage 9 ace is not required in the PWR
pools for control clusters or for burnable neutron absorbers. These items are stored in the
fuel assemblies themselves; in BWR pools separate storage is required for control blades and
poison curtains plus fuel channels. Space is also needed in the BWR fuel storage pool for
equipment to re love or install fuel channels. Pool size is influenced as well by the number of
fuel assemblies that are discharged at each refueling. A PWR discharges 1/3 af the core with

each refueling and a BWR discharge,s approximately 1/4.of the core. Table B.1 typifies the
number of fuel assemblies that are stored for a range of reactor sizes and for the two reactor
types . Typical schedules for refueling and accumulation of fuel assemblies are given in Appen-
dix D.

Table B.1 Fuel Assembly itorage Requirenents in Relation to Reactor Size and Type

. - - - --

Typical Number of Assemblies
Reactor Teactor fuel Discharged Fuel Storage

Rated Power Type Core Size per Refueling Pool Capacity

500-600 MWe PWR 121 40 162

700-800 MWe PWR 157 52 210

1000-1100 MWe PWR 193 64 260

500-600 MWe BWR 484 90-120 740

700-800 MWe BWR 724 100-170 1160

1000-1100 MWe BWR 764 150-190 1160

1.2 SAFETY CONSIDERATIONS

1.2.1 Codes. Standards, and Regulatory Guides

To ensure the protection of the environment and the public from release of dangerous amounts of
radiation from the spent fuel in storage, certain standards and codes are applied during the
design, fabrication, erection, testing, and operation of the spent fuel storage facility.

0 U$g
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Since there are many codes, standards and guides enployed for the thousands of components involved,
only the major ones that relate nore directly to the containment of radiation wiil be riiscussed
below.

General Desigr. Criterion 1. " Quality Standards and Records" of Appendix A to the Code of Federal
Regulations 10 CFR 50, " Licensing of Production and Utilization Facilities," calls for standards
.mmensurate with the importance uf the safety function to be used in the design, 'abrication,
eridon, and testing of all safety-related structures, systems and components. In particular,
Sectirei 50.553, " Codes and Standards," applies to the reactor primary coolant pressure-containing
corpSnents and establishes the highest quality classificatinn for these components, but does not
include other safety-related components of a nuclear facility. In recognition of this fact, the
U. S. Nuclear Regulatory Conmission issued Regulatory Guide 1.26 " Quality Group Classifications
and Standards for Water , Stean , and Radioactive-Waste-Containing Components of Nuclear Power
Pl a r.tL "

The ". . . commensurate with the importance of the safety function . . ." portion of the above
is arranged in four quality group classifications in descending levels of safety importance
called A, B, C, and D in the NRC Regulatory Guide 1.26. This guide h n a Sle that cross-
references each safety class of the ASME Boiler and Pressure Vessel Code .sectnn !!!, Nuclear
Power Plant Components, with the equivalent code classes as 1. ? 7. CS, and MC. Classes 1, 2,

*

and 3 recognize the level of importance to safety in the sane rnnner as Regulatory V' i Z.'

(CS is for reactor core structure and MC is for the reactor containment vessel). It is recog-
nized in Regulatory Guide 1.26 that the loME code is large v for the mechanical pressure-containing
components, and it is stated that Regulatory Guide 1.26 shNld te used as a cuide for classifying
other systens, such as instrument and service air, di as W .rators, ventilation, etc.

Regulatory Guide 1.26 calls for the cooling water s) stem used for heat renoval from spent fuel
storage pools to be Quality Group Class C. It also s'Fes inat all other systens not specifically

covered in the Guide and whose f ailure could result in offsite dosago greater than 0.5 rem to an
individual must be Quality Grcup Class C. An interpretation of the latter can be found in the

American National Standards Institute (ANSI) publication N18.2 " Nuclear Safety Criteria for
the Design of Stationary Pressurized Water Reactor Plants," and the American Nuclear Society

(ANS) document N212 " Nuclear Safety Criteria for the Design of Stationary Boiling Water Reactor
Plants."

These documents establish four levels, or classes, important to safety called " Safety Classi-
fications 1, 2, 3, and Non-Nuclear," in descending order of safety importance.

The definitions are similar to the NRC Regulatory Guide 1.26 quality group classifications and
give the ASME-!!! an'd IEEE code cross references. All components whose failure could lead to an
offsite dose in excess of 0.5 rem are given a Safety Class 3, a Seismic Category I, and require
a quality assurance program.

To ensure that the various codes and ;tandards as called for in the NRC regulations will in fact
be appliad, an Appendi. 4 i as added to 10 CFR Part 50 called " Quality Assurance Criteria for
Nuclear Power Plants." This appendix lists and describes, in general,18 criteria to be adhered
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to in the design, purchase, fabrication, handling, shipping, storing, cleaning, erecting, in-
stalling, inspecting, testing, operating, maintaining, repairing, refueling, and modifying of
all safety-related structures, systems, and co,ponents.

Since Appendix B is general, ANSI N45.2, " Quality Assurance Program Requirements for Nuclear
Power Plants" was issued to give pertinent details required to comply with Appendix B. This

standard is continually being added to and will eventually cover every significant activity from
the initial planning to the end rescit of a nuclear safety-related project.

In addition to ANSI N45.2, NRC Regulatory Guides such as 1.70.6 " Quality Assurance during Design
and Construction," 1.70.9 " Design of Seismic Category I Structures," and 1.33 " Quality Assurance
Requirements - (Operation)" have been issued to further ensure that all safety-related struc-
tures, systems, and components will conform to the intended quality levels commensurate with the
importance of the safety function. See also Appendix 0. Taole D.1 for NRC Regulatory Guides
corresponding to ANSI 45.2 standards.

The following NRC Regulatory Guides such as have a specific application to spent fuel storage
facilities at nuclear power plants:

1.13 Fuel Storage Facility Design Basis (endorses ANSI N 210);
1.25 Assumptions Used for Evaluating the Potential Radiological Consequences of a Fuel

Handling Accident in Fuel Handling and Storage Facilities for t:WR and PWR Reactors;
1.29 Seismic Design Classification;
1.55 Concrete Placement in Category I Structures.

These guides were issued to call for certain technical requirements to be met to ensure the
integrity of the stored spent fuel such that loss of cooling capability cannot occur and leakage
of radiation is always under control.

The following NRC Regulatory Guidas also apply to fuel storage at fuel reprocessing plants:

3.4 Nuclear Criticality Safety in Operations with Fissionable Materials Outside
Reactors (this Guide calls for ANSI N16.1-1969 to be applied);

3.6 Guide to Content of Technical Specifications for Fuel Reprocessing Plants
(this applies if changes are contenplated in the plant).

Every nuclear power plant, reprocessing plant and spent fuel storage installation must have a
Safety Analysis Report (SAR) prepared. A Preliminary Safety Analysis Report must be issued
before construction can be started, and a Final Safety Analyt is Report must be issued before the
power or reprocessing plant can be licensed to operate. Storage in a spent fuel storage instal-
lation is licensed under single-step procedvee and the submitted SAR should be essentially in
final fonn. Prior to su'.; mission of an SAR to the NRC for review, the applicant should have
designed and anal ;ed the plant in sufficient detail to conclude that it can be built and oper-3

ated saTely. The SAR is the principal document in which the applicant provides the infonnation
needed by the NRC or the public to understand the basis upon which this conclusion has been
reached.

In reviewing the SAR for a nuclear power plant, the NRC uses a review plan that ensures nothing
significant is overlooked. This plan is called a " Regulatory Standard Review Plan" (SRP) and
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follows the sane fomat as another document prepared by the NRC to be used as a guide by the
applicant during his preparation of the SAR. This other document is called " Standard Fomat and
Content of Safety Analysis Reports for Nuclear Power Plants." There are several sections in the
report that relate to spent fuel storage, such as Sections 9.1.2, " Spent Fuel Storage," 9.1.3
" Spent Fuel Pool Cooling and Cle'v.up Systm," 9.1.4 " Fuel Handling Systen," 9.4.2 " Spent Fuel
Pool Area Ventilation Systen," 15.7.4 " Fuel Handling Accidents," and 15.7.5 " Spent Fuel Cask
Drop Accidents."

The sections relating to spent fuel storage in the SRP provide guidance to the reviewer to
ensure that the SAR contains the infomation needed to demonstrate that the spent fuel will be
stored in a manner that will always provide adequate cooling and control of radiation.

l.2.2 Cask Handlinq

In NRC Regulatory Guide 1.13. " Fuel Storage Facility Design Basis," it is asked that provision
be made to prtvent a cask drop that could dange the stored spent fuel or result in loss of pool
water. This means that the pool must be designed to withstand a cask drop, the crane systen
must be oesigned to be single-failure 9 roof, such that a single failure will not result in loss
of safety *anction, or the cask must be precluded fron travel over the spent fuel storage area.

NRC Regulatory Gaide 1.104, " Overhead Handling Systems for Nuclear Power Plan's " lists several
requirments that should be incorporated into a crane sy tem to ensure that stored spent fuel is
not endangered and that NRC Regulatory Guide 1.13 and Standard Review Plan Section 9.1.4, " Fuel
Handling Systen," will be satisfied.

For existing cranes and storage pools that do not meet this criterion, failure mode and effects
analysis of the entire crane systen is made to detemine where single failure needs correcting.
For the single-failure-proof criteria, the hook and cable systems are being nade redundant and a
minimum of one dynamic and two nechanical brakes are being supplied. A whole new trolley,
cabling, and load block nay be required. Meanwhile, because of the long delivery time, adminis-
trative controls can be instituted to confine the path that the crane is allowed to take from

the receiving area to the pool and back to the receiving area for shipment. This requires that
a complete cask impo.t study be made for the entire area to detemine this path so that in the
event of a cask drop, no safety-related systen or components are endangered. A maximum pemis-
sible uistance between the bottm of the cask and the floor may be required.

Most plant designs allow the load block to enter the pool water during raising or lowering of
the cask at the spent fuel cask loading station. This could pose a potential problem with
corrosion and contamination of the wire ropes and load block assembly (and the attendant accumu-
lation of radioactive materials because of the difficulty of decontamination). Contaminated

water could be transferred to the overhead drum and then drip on equipment and personnel. If
bearings lubricated with grease or oil are used in the load block, there will be a possibility
of lubricant contaninating the pool water. At the GE Morris Operation, provisions have teen
made to preclude entry of the load block into the water by using hook extensions about 30 feet
long and a transfer step in the pool.

Standard Review Plan 15.7.5 covers the cask drop accident that involves only the spent fuel in
the cask. In this case, if the cask drop is greater than 30 feet, or the impact limiter is
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renoved from the cask during handling, then a radiological analysis must be perfomed to deter-
mine the offsite dose. The limits are given in 10 CFR Part 100.

1.2.3 Fuel Handling

General Design Criterion 61, " Fuel Storage and Handling Friteria for Nuclear Power Plants " of
Appendix A to 10 CFR Part 50 requires that the spent fuel storage and handling systect be de-
signed to ensure adequate safety under nonnal and postulated accident conditions. The require-
ments to meet " adequate safety" are given in NRC Regulatory Guide 1.26 which specifies failures
of safety-related systens shall not result in offsite dose to an individual greater than 0.5

NRC Regulatory Guide 1.13. " Spent fuel Storage Facility Design Basis " calls for certainrem.

design features to ensure canpli;.nce with Design Criterion 61 of Appendix A to 10 CFR Part 50.
.

These features result in the requirements for a controlled leakage syston for tne fuel pool,
with the design of the ventilation and filtration system based on an inventory of radioactive
materials available for leakage frtn the building after an accident as given in NRC Regulatory
Guide 1.25, " Assumptions Used for Evaluating the Potential Radiological Consequences of a Fuel

Handling Accident in the Fuel Handling and Storage Facility for Boiling and Pressurized Water
Rea ct o rs . "

Since the fuel handling equipment handles only one fuel assembly at a time, the maximum conse-
is been dropped at several reactor sites andquence of an accident is limited. A fuel assemby h

no radioactivity increase was neasured at, or within, the site boundary.

Most fuel handiing accidents consist of dropping the fuel assembly as a consequence of improper
fuel grapple finger angagement. If the drop occurs over the reactor core, the fuel in the core
or the core grid plate may be damaged. Accidents of this nature have occurred and no radio-
active material was released. Fuel assemblies can t,e damaged during removal from the core when
the spacer grid snags an adjacent fuel assembly spacer grid and the grids are torn. This can
only occur in a PWR. There has been no radioactive material released as a result of this type
of accident.

1.2.4 Rack Design Criteria to Prevent Criticality

In accordance with Standard '.eview Plan 9.1.2, the design of the storage racks is reviewed
against the following crite 'a:

a. The center-to-center spacing between fuel assemblies in the storage racks is sufficient
to maintain the array, when fully loaded and flooded with nonborated water, in a subcritical
condition. Ak of less than about 0.g5 for this condition is acceptable, provided that

eff
uncertainties due to the calculational model and due to tolerances in the rack design are
properly accos ated for.

b. The design of the storage racks is such that a fuel assembly cannot be inserted any-
where other than a design location.

.
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c. The storage pool and racks are classified and designed to seismic Category I require-
ments. Failures of systens or structures not designed to seismic Category I standards and
located in the vicinity of the spent fuel storage facility will not cause a decrease in the
degree of subcriticality provided.

d. The storage racks and the anchorages are designed to withstand the maxim n uplift

forces available from the crane without an increase in k,ff or a decrease in pool water inven-
tory,

c. The spent fuel storage pool and racks are designed to preclude lamage fran dropped
heavy objects.

f. Sharing of storage facilities in multi-unit plants will not increase the potential for
the loss of pool water or decrease the degree of subcriticality provided

The essential portions of the spent fuel storage system are designed to provide protection from
the ef fects of earthquakes, floods, hurricanes, tornadoes, and internally or externally generated
missiles. Flood protection and missile protection criteria are discussed in the standard review
plans for Chapter 3 of the SAR.

1.2.5 Seismic Considerations in Safety Studies

General Design Criterion 2, " Design Basis for Protection Against Natural Phenomena," of Appen-
dix A to 10 CFR Part 50, requires that nuclear power plant structures, systens, and conpanents
important to safety be designed to withstand the effects of earthquakes without loss of capa-
bility to perfom their safety functions. Regulatory Guide 1.29, " Seismic Design Classification"
requires that the spent fuel storage pool be designed to seismic Category I requirements.

Regulatory Guide 1.70.9, " Additional Infomation, Design of Seismic Category I Structures,"
requires the following to be delineated for both the fuel storage building and its foundation:

Description
Applicable codes, standards, and specifications*

Loads and load conbinations for all operating modes and seismic loads
* Design and analysis procedure
* Structural acceptance criteria

Materials, quality control and special construction techniques*

Testing and in-service inspection requirements.*

The principal reasons for designing the specified seismic Category I systems or components to
perform their safety function during and af ter the maxinum earthquake are to ensure that
(a) decay heat from the stored fuel will be removed and (b) there will be no change of fuel
geometry that can result in criticality.

The spent fuel racks are analyzed to verify their seismic and structural capability in the
installed condition when fully loaded with fuel assemblies. Loading combinations and allowable
stress limits are in accordance with NRC Standard Review Plans 3.8.4 and 9.1.2. The loads to be

considered are: buoyancy, deadweight, operating basis earthquake, design fJdMhke,
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i.;f.%ynamic mass ef fects, mechanical danage loads fran a drop of a spent fuel assembly, themal
gradient, and crane uplif t if crane hook or fuel snags the fuel rack.

The following NRC Standard Review Plans are used by the NRC to confim the adequacy of tne

seismic analysis:

3.' 1 Seismic Input

3.7.2 Seismic Systen Analysis

3.7.3 Seismic Subsystem Analysis

3.7.4 Seismic Instrumentation Program

3.8.4 Other Category I Structures
3.8.5 Foundations

1.3 DESIGN REQUIREMENTS FOR SPENT FUEL STORAGE

1.3.1 Criticality *

The concept of criticality, which is an important consideration for storage of spent fuel assen-
blies, involves the ability of an array of fuel to sustain a neutron chain reaction.

The dynamics of neutron chain reactions are dependent on the relative abundance and spatial
distributions of materials in the array. The materials of principal interest are the fission-
able uranium-235, uranium-238 and structural materials that absorb neutrons without causing
fission, and water, which moderates high energy fission neutrons to themal energies at which
there is a high probability of capture and fission of uraniun-235. Hydrogen in the water also
parasitically absorbs a small fraction of the neutrons.

Neutron populations that exist because of a neutron chain reaction exhibit characteristics
analogous to the behavior exhibited by populaticrs of bacteria, animals, or even humans. Each
member may be assigned a probable lifetime, a probability of producing progeny, and a mean
number of progeny per birth event. An effective neutron generation lifetime is on the order of
0.09 seconds, and if a neutron absorption results in fission, it will, on the average, result in
the birth of slightly less than ?.5 neutrons. Neutrons released by fission may b absorbed by
materials other than uranium-235. Such events, which are dependent on design, nay occur with
high enough frequency to make a self-sustaining chain reaction impossible.

A measure of the ability of an array to sustain a neutron chain reaction is called the multipli-
cation factor-

k=neutronpopulationingeneration(n+11
neutron population in generation (n)

The tem " reactivity" is commonly used and is defined as (k-1)/k.

Descriptions of reactors or fuel storage pools often use the tems k and k This temi-
eff.

nology is in recognition of the fact that in finite arrays, some neutrons escape or leak frm
the syste1 before being absorbed. It is analytically convenient to describe the properties of
an infinite array, k , and then make allowances for neutron leakage to define an effective

value, k,ff. It is comon practice in fuel storage pool analyses to describe the fuel assemblies

in tems of k , assuming they are in an infinite array spaced close together as they would be in
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a power reactor. Values of k are also defined for a fuel assembly and its associated rack and

water spacing for a typical repeating " cell" in a pool array. Values of k,ff described for a
storage pool array take into account the neutron leakage fro 1 the pool ca1 posed of such repeating
cells. The neutron leakage actually is a very small fraction because of large dinensions of the
pool.

If k,77 is greater than unity, the neutron population released by fission events is expanding;
if k is less than unity, the population is decreasing. An array is defined as " critical" ifgff

k is exactly unity and a steady-state population exists. Power level of an array is p opor-gf

tional to the rate of uranium-235 fissions, which in turn is proportional to the neutron popula-
tion.

In a power reactor, the abundance and distribution of neutron absorber and neutron moderator or

neutron moderator materials can be remotely contre'ad to maintain the steady-state neutron
population that results in a steady-state fission rate and power level. Power level is increased
to the desired level by making k slightly greater than one, and then adjusting the reactorggf

core to a critical state when the desired power is reached, if reactor shutdown is necessary,
kgff can be rapidly made much less than one by insertion of high neutron absorber materials,
e.g., control rods or a boron solution added to the coolant.

In contrast, a spent fuel storage facility is designed so that it is always subtritical (k
eff

by a safe margin even under accident conditions, including the case when all fuel it contains is
fresh. This limits the amount of fuel that can be stored within a given pool, although the
limit is a function of materia' used in the fixed storage racks, as discussed in Section 3.1.2
and Appendix D. Very detailed ind ytical procedures, carefully benchmarked for accuracy, are
employed to ensure that criticality "riteria are met.

The design multiplication factor limit for abnomal conditions is k
eff 1 0.95. During nomal

operations at a fuel storage pool, the carrying of heavy objects by overhead cranes over the
portions of the pool occupied by fuel is not pemitted. These cranes are used to load and
unload fuel bundles from storage ra;ks. It is possible that an assembly and grapple or grapples
could be dropped onto a fuel storage rack, causing structural damage that could potentially
increase k Structural defomatior,s can be computed given the nature of the impact forcesgff.

and location. Conservative design necessitates making judgements as to worst cases, which then

can be analyzed for criticality hazards. A dropped bundle may be considered to lie on top of a
storage rack, or to fall between two racks.

The storage rack k,7f may also be affected by structural damage induced by an earthquake.
Seismic analysis of the rack when subject to design earthquake loads is required, followed by
criticality analysis if defomation occurs.

Storap racks are designed to nechanically preclude storing fuel assemblies at other than design
locations. Neutron absorbers used in storage racks must be integral, non-rencvable parts of the
rack. This eliminates the possibility of accidental criticality due to removal of the absorbers.
Periodic in-service inspection is required to assure absorber integrity.

Total loss of water moderation reduces k,ff. However, a decrease in water density, such as
would occur at elevated pool temperatures, may increase keff. For this reason, criticality
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that could occur for water tenpera-analyses for fuel storage pools account for changes in keff
tures up to 212*F.

Given a specific LWR fuel assembly design, the criticality of the fuel is largely determined by
the fissile content of the fuel pellets. That is, the uranium-235 enrichnent of the uraniun
(plus the plutoniun-239 and plutonium-241 fractions in plutonium-bearing asse,blies) directly
af fects the fuel assembly reactivity.

A spent fuel storage pool at a specific nuclear power plant must be designed for fuel of a
particular design having a prescribed naxintsa fissile muerial content, and hence having a
limited value of reactivity. When the fuel is placed in a storage array or rack, the pool will
have an effective reactivity that is determined by the geometry and conposition of the rack, as
well as by the fuel assenbly reactivity. The single most important geometrical factor is the
assembly-to-assembly spacing, or pitch. At small sparings, the reactor core configuration is
approached with a conca,itant increase in reactivity. Conversely, at large spacing, the fuel
assemblies are separated by enough intervening material and watr- for neutron absorption so that
adjacent asse,blies have little effect on each other. The same effect can be obtained by using
materials with high neutron absorption cross sections surrounding the stored fuel. For this
case, the fuel assenblies can be moved close together and still maintain a low reactivity.

The effects of spacing and fuel enrichnent on spent fuel pool react'vity are illustrated in
Table B.2 for a typical PWR 15 x 15 fuel assenbly stored in a stainless steel rack utilizing
stainless nenbers to hold and locate the elenents. The 3.37, enriched fuel is representative of

the fuel used in the rack design for the Zion reactor (Connonwealth Edison Company), while the
3.1% enriched fuel is representative of the Turkey Point reactor (Florida Power & Light Company).
The reactivity values are for a pool (at 212*F) that is unifomly loaded with fuel. A water
temperature of 212'F is selected because this is the maximum temperature of an open pool of
water at atmospheric pressure. The assumption for this case is that all pool cooling is lost
for some reason. At luer temperatures, this type of storage array has a slightly lower multi-
plication factor.

Table d.2, Multiplication Factor (keff) of a PWR* Fuel Storage Pool

k,f f vs Fuel Assenbly Spacing (pitch)

Fuel Enrichnent 16 inches 21 inches

2353.1 Wt % U 0.862 0.843

S3.3 Wt % U 0.874 0.855

2353.5 Wt % U 0.885 0.865
*
Fuel design data: 15 x 15 array with 21 water rods; 0.563" pitch; 0.3649"
diameter pellet; 0.3819/0.4305" clad ID/0D; Zircaloy-clad; 92% theoretical
density UO po 1 at 212'F.

2

1.3.2 Rack Design

BWR and PWR racks are designed differently. Tha BWR uses a rack design (see Figure B.1) which

is supplied by the reactor marufacturer. The outline dimensions are 14.5 feet high by 5.5 feet
long by 1.5 feet wide. Individual rack positions have a 6 inch-square opening to receive the
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5.5 inch-square fuel assembly. The two rows of fuel assemblies are separated by a distance of
5.5 inches. Racks are supported at the base by four 1 inch diameter swing bolts. In high
seismic areas, the racks are provided with cross-pcol supports that reduce the rack loading in
the short dinension. The BWR pool also has special racks for storage of control blades and fuel

channel s. These racks are described in Section 1.3.5 of this appendix.

The PWR racks are generally provided by the architect-engineer (AE) or purchased by the utility
to specifications of the reactor manufacturer. This arrangement allows a number of rack design
variations. However, most racks are nade of stainless steel using prefomed angles to fom
corners for support of the fuel . A typical rack is shown in Figure B.2. The racks are nominally

14 to 14.5 feet high and may have a 1- or 2-foot base. Most of the racks have a 20- to 21-inch
center-to-center spacing for the fuel assemblics in a square array. The individual spaces in
the rack are 8 to 9 inches square to receive fuel assemblies 7.5 to 8.5 inches square. Individual
racks nay be square or rectangular in cross section, with a maximum square dimension of about 8
feet. This dimension is dictated by shipping considerations.

Racks are designed with various methods of support for seismic restraint. The BWR uses swing
bolts mounted to the floor of the pool with or without horizontal restraints. The floor mountings
are supported by anchors in the concrete. These anchors are welded to the pool liner and are
capable of taking the tension, compression, and shear loads that result from a seismic event.
Some PWR racks are also nounted to the floor with anchors in the concrete. Other attachments
used for seismic support in PWR pools include racks welded to pool floor embedments, horizontal
supports welded to pool wall embedments, spring-loaded wall supports resting against (not at-
tached to) the wall, friction-loaded supports with threaded adjustnents that rest against the
pool walls, and various combinations of these methods of restraint. Where the loading is in
tension, anchors are required. Where the loading is compressive, it can be borne by the pool
liner as backed up by reinforced concrete. In case of pool nodifications (see Section 3.1.2 and
Appendix D), it is required that the original design loads of the anchors not be exceeded when
new racks are installed.

All racks are designed to allow water to flow under tnem in order to ensure adequate cooling of
irradiated fuel. Sufficient space is provided underneath and around the rack so that the natural
circulation of the water is not restricted under nomai or abnomal circunstances. In this way,

there is no significant increase in fuel temperature whether or not the pool cooling systen is
operating.

All racks are designed to Seismic Category I requirements to ensure that they remain functional
during a seismic event. Specifically, the fuel is to remain vertical and the spacing between
assemblies is to be maintained in order to provide a continued limitation on the neutron multi-

plication factor (k,ff). The rack is designed to maintain fuel spacing even when objects are
dropped onto the racks.

The dimensions and tolerances for the fuel storage spaces are so arranged that fuel assemblies
can be easily inserted and withdrawn. Manufacturing tolerances usually allow for a maximum bow
frm top to bottom of the storage space of about 1/8 inch. Tight tolerances are also maintained
for twist and parallelism within the storage spaces in order to facilitate fuel movement.
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The materials used for construction of fuel storage racks (stainless steel and aluminum) are
compatible with the fuel storage medium (pure or borated water). Consequently, very little
maintenance 1s required. BWR racks are readily renovable. PWR racks are removable in some

plants, but are welded in place at others.

To alleviate the shortage of spent fuel storage space, it has been the practice of the utilities
to expand the capacity of their present storage pools by utilizing unused spaces and by re-
placing storage racks with more space-efficient racks that meet safety requirenents. Methods
for accomplishing this are described in Appendix D.l

1.3.3 Spent Fuel Pool Cooling and Water Purification

When the fuel is removed from the reactor and placed into the fuel storage pool, the decay of
fission products within the fuel rods continues to genercte a certain anount of heat. The
amount of heat produced by a given fuel assenbly decreases with tine in storage as fission
products decay into stable, non-heat-producing elements. Heat generated by the spent fuel is
usually treated for two different cases in the design of cooling systens. For the nomal case,
the quantity and age of the spent fuel that may be stored in the fuel pool as a result of nomal
reactor refueling are considered. The abnornal case assumes that the fuel pool is filled with
fuel, including the discharge of a full core load of fuel. The fuel pool cooling systen (FPCS)
must be capable of renoving the heat generated in these two cases. However, in sone plants, the
residual heat renoval systen (RHRS) can be used to supply additional cooling capacity for the
abnormal case because all fuel has been transferred from the reactor to the fuel pool.

Figure B.3 shows a diagram of a typical sped fuel pool cocling system. This system actually
consists of two interconnected systems. Either systen is capable of renoving the quantity of
heat produced by the nomal case. The maximum allowable pool water temperature is specified in
each plant's FSAR. For the nornal case, the specified maximum temperat tre is usually about
125'F. This temperature is based not on safety considerations, but on consideration of economics
and the fact that plant personnel nay be required to work in a hunid atmosphere.

For tne abnonnal case (full core unload case), use of both systems and possibly the RHRS will be
necessary to remove the heat. For this case, the maximum design temperature at most plants is
in the range of 140* to 150*F. This leul is based on the temperature limit of the purification
systen resins.

There are sone differences in the methods of cooling the fuel pools in various plants because of
dif ferences in reactor nanuf acture and in plant age. However, all plants use systems basically
similar to that described above.

The actual cooling of the fuel within the pool is by natural circulation flow of the water. The
intake for the FPCS is located at the top of the pool so that th3 pool water at the highest
temperature will flow through the FPCS. All piping connections and penetrations are near the
top of the pool to prevent inadvertent lowering of the water level due to maloperation. The
cold water returned to the pool is carried to the bottom by natural circulation, where it flows
beneath the fuel racks. As each fuel sssembly heats the water surrounding it, this .:?ter rises
and the cold vater below rises through the fuel assembly. The design of the fuel storage racks

miQ-4p % O .'s -J*
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nust allow an adequate flow path beneath the racks and along the length of the fuel assembly to
provice adequate colling by this natural circulation.

A water cleanup system that is usually incorporated into the FPCS nay be designed to handle all,
or only part, of the FPCS flow. The purpose of this systen is to remove the various types of
contaninants that may accumulate in the pool. Some of the sources of contamination are radio-
active fission products and activation products on the fuel surface, leaking fuel rods, and dirt
that falls into the pool from the operating area. Failure to renove this foreign matter reduces
pool visibility, thus naking working conditions nore difficult. Also, radioactive contamina. ion
results in higher radiation levels in the operating area.

The cleanup systen is connected to the FPCS and consists of filters and denineralizers. The
filters remove the particulate matter fro 1 the pool water ard the demineralizers remove dis-
solved naterials to naintain the proper water clarity and t.o keep radioactivity at a low value.

The pH for the BWR pool is maintained at a neutral 7, while the PWR is maintained at a pH of 5
to 6, depending on the borate concentration. In the BWR system standard anion and cation resin
beds are used to remove dissolved fission products and impurities. The filter system includes a
filter aid that can be renoved and processed in the radwaste system. Sometimes a Powdex system,

consisting of : line-grained demineralizer resin and a filter systen in one package, is used.
The Powdex system, filter system, or the demineralizer system can be regenerated or disposed in
the radwaste systen. Also, connections are made to the radwaste system to process the fuel
storage pool water if necessary. The BWR cleanup system is usually a full-flow systen that can
be bypassed, if necessary, in order to increase the system cooling capacity.

The PWR systen is a bypass filter-demineralizer syston that has some special requirenents in
that the water is borated. This system uses borated resins in the demineralizers in order to
prevent boric acid renoval but maintain the capability to renove ci.her dissolved impurities from
the fuel storage pool water. Many of these systems use cartridge-type filters and denineralizers
that are removed and disposed of as solid waste when the resins are spent or the filter is
plugged. Connections are made to the chemical and volume control system, primarily for nain-
taining the proper concentration, of borate in the water, but also for additional cleaning of the
pooi water as required. The temporary loss of pool cleanup capability would not present any
sijnificant problen to plant operation. However, long-tern loss of cleanup capability could
interfere with fuel pool operations.

1.3.4 Seismic Design

Criteria enst for the seismic design of spent fuel storage facilities. These criteria exist in
the fom Jf NRC Regulatory Guides, NRC Standard Review Plans, ANSI Standards, the Code of Federal

Regulations, and the ASME Boiler and Pressure Vessel Codt. The specific docunents applicable to
fuel storage facility seismic design are referenced in Table D.1 of Appendix D.

Most of these documents have been issued since 1971. Prior to 1971, some of these documents

were used in draft fom as fuel storage facility design criteria.

The documents currently in use for design criteria have been developed on the basis of the
experience gained in the design of previous fuel storage facilities. The design of early fuel
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storage facilities was based on criteria established by the designers. These criteria and the
designs and analyses based upon then were evaluated by the AEC as a part of the power plant
licensing review.

The original seismic criter ia for fuel storage facility design established by the facility
designers were based on the power plant general design criteria. The first criterion applied to
the seismic design of the facility was that the plant design earthquake could not result in the
stored fuei betoning a critical assembly. This meant that fuel storage racks were required to

naintain the fuel in a subcritical geonetric arrangenent. A limit of k,ff i 0.90 was used to
provide an adequate safety nargin for nornal operations, and a limit of kgff ; 0.95 was used for
abnorr:al events. More sophisticated computational techniques are now available and the present
design limit is k,g ; 0.95.

The next criterion was that adequate cooling must be provided for the stored fuel. This neant
that the fuel must remain subnersed in water. It was not necessary for the fuel pool cooling
systens to renain operative af ter the earthquake, since submersion of the fuel in 212'F water
(the naxintn possible pool temperature) would provide adequate cooling. However, this did
require that a systen designed to withstand the earthquake be available to supply water to the
fuel pool to make up for evaporative losses. Another criterion was that the earthquake must not
cause a loss of adequate shielding for the stored fuel. The shielding is provided by the fuel
pool water and the pool structure.

All of the above criteria require that the fuel pool structure be designed to withstand the safe
shutdown earthquake without significar.t damage or loss of the cooling water fron the pool. Loss
of water fran the pool in excess of the makeup capability must be prevented so that the fuel
cooling and shielding criteria are net. Significent structural danage to the pool night also
change geonetric fuel spacing and affect criticality. For these reasons, all fuel storage pools
at reactors have been designed as Category I seismic structures.

The seismic design criteria stated above have evolved into the criteria presently used in design
of fuel storage facilities. Although 1.he criteria in the docunents listed are more specific for
the various conponents of the fuel storage facility, the basic principles of fuel storage facility
design do not differ significantly.

l.3.5 Nonfuel Equipment Storage in Pool

In Section 3.1.2, the storage of nonfuel items was mentioned. In the BWR system, control blades
are stored in racks shown in Figure B.4, and fuel channels are stored in racks shown in Figure
B.S. Other items stored in the fuel storage pool include in-core instrumentation, jet pumps,
temporary control curtains (used in some reactors for the first core cycle), and other pieces of
hardware removed 9 m the reactor vessel. All of these are cut into small pieces and placed in0

a cask and shipped of fsite af ter short periods of radioactive decay. While in the pool, the
items are stored in a pit, suspended from the walls, or laid on the floor.

For PWR nuclear power plants, control rod clusters are stored in fuel assemblies. Fuel channels
are not used in PWR's. Consequently, storage of non-fuel itens is confined to instrumentation
and small itens that are renoved from the reactor vessel.
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All itens removed fron the reactor vessel either in a CWR or a PWR have a potential for being
radioactive either from direct neutron irradiation or from the plateout of activation or fission

products. The activity levels depend prinarily on the integrated neutron flux that the co1ponents
have received. Consequently, these itels are stored in the pool and surveyed to detemine the
means of decontamination and reuse, or decontamination and disposal, as required.

1.4 FUEL HANDLING

1.4.1 Fuel Handling Criteria

This section gives the basic criteria for establishing the design, operating, and maintenance
requirements for the handling of new and spent fuel in the power plant. It also describes the
fuel handling process for BWR's and PWR's. The power plants used as examples are the Duane

{
Arnold Energy Center (BWR) and the Kewaunee Nuclear Power Plant (PWR). Although detailed plant
and equipment arrangenents, f4Cility size, and quantity of spent fuel to be handled vary from
plant to plant, the processes described herein are representative of each type of plant.

There is some similarity of areas and equipment used in BWR's and PWR's. The teminology used

here is that which has beconc nore or less traditional for each type of power plant. As a
result, some of the areas and equipment in each type of plant that appear to be similar are
if antified with different nomen ;lature.

Basic criteria for establishing the design, operation, and naintenance of components used in the
fuel handling process are as follows:

a. Applicable parts of ANSI N212 " Nuclear Safety Criteria for the Design of Stationary
Boiling Water Reactors;"

b. Applicable parts of ANSI N18.2 " Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants;"

c. Applicable parts of ANSI N210. " Design Objectives for Light Water Reactor Spent Fuel
Storage facilities at Nuclear Power Stations;"

d. 10 CFR 50, Appendix A, " General Design Criteria for Nuclear Power Plants;"

e. 10 CFR 50, Appendix B. " Quality Assurance Criteria for Nuclear Power Plants

and Fuel Reprocessing Plants;"

f. NRC Standard Review Plan 9.1.2, " Spent Fuel Storage," February 1975;

g. NRC Standard Review Plan 9.l .4, " Fuel Handling Systems," May 1975;

h. ANSI N45.2.ll, " Quality Assurance Requirements for the Design of Nuclear
Power Plants."
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1.4.2 Equipment Design

The major fuel handling equipnent and facilities are identified on Figures B.6 through B.9.
The equipnent associated with fuel handling is shown in Figures B.7 and B.9. The main function
of the equipment is to nove fuel into and out of the reactor and to store it in the fuel storage
pool. Fron the safety standpoint there are three main considerations:

* fiaintenance of shielding over the fuel;

Prevention of fission product release;*

* Prevantion of loss of water fron the fuel storage pool.
.

The equipmnnt is 50newhat similar for both the BWR and the PWR in that grapples and refueling
bridges are used to nove the fuel. The refueling operation for the BWR is carried out in one
building with a single refueling bridge. The PWR requires transfer of fuel from the reactor
building to the refueling or auxiliary building. For this operation, Lwo refueling bridges are
required, one in each building.

In order to natntain shielding, grapples are designed so that if equipment fails, the fuel
assembiies will cone no closer to the water surface than eight or ten feet. This limits the
radiation level at the surface to less than the naxinum 2.5 nR per hour allowed per ANSI fl210.
The equipnent is designed 50 that the minimum water depth over the fuel is maintained even if
the hoist or grapple wchanism is at the top of its travel.

The secord requirenent is related mainly to possible damage to fuel that is dropped. To prevent
the dropping of fuel, the grapples are positive latching devices that cannot be released while
the fuel is being transported. Electrical interlocks are provided to prevent fuel movement when
the latc1 is not properly engaged. Fuel has been dropped on occasion without serious damage to
the fuel or neasurable offsite release of radioactivity. The experience has resulted in improved
grapple designs.

.

The third requirenent is to ensure water supply for shielding the fuel Jnd for Cooling. The
potential for significant water loss is evaluated and the appropriate design and procedural
methods are used to prevent or mitigate the effects of potential accidents. The nain considera-
tion is the shipping cask and its movenent. Provisions are made to limit damage frm a cask
drop or to provide redundant crane features to prevent the cask drop.

l.4.3 BWR Refueling Operation

The major facilities required for fuel handling at BWR's consist of the followirg (all are in
the reactor building, accessible from the refueling floor level, except as noted):

a. Reactor refueling cavity

b. Spent fuel storage pool with storage racks

^

c. New fuel storage vault with storage racks
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d. Shipping cask pad area (located in pool)

e. New fuel inspection area

f. Fuel preparation area (located in pool)

g. Shipping cask decontamination area (located at ground level).

The principal items of equipment required to perfom a refueling cycle are as follows:

a. Fuel preparation machine

b. New fuel inspection stand

c. Refueling platfom

d. Reactor building crane

e. Jib crane.

There also is a conplement of other equipment to facilitate the refueling process. These itens
include slings, grapples, actuating poles, wrenches, un derwater lights, viewing aids, and an
underwater TV systen.

Before the start of a refueling operation, new fuel nust be received and inspected. It nust
also be prepared for final assembly into the reactor. This is accomplished by first placing it
in the new fuel racks in the pool . It is then channeled and stored in the assembled new fuel
rack in the pool where it is ready for use.

To start refueling operations, the reactor is shut down and allowed to cocl, both themally and
radioactively. During the cooldown period, the reactor shield blocks and the drywell head are
renoved.

Af ter cooldown, first the reactor vessel head insulation and then the vessel head are renoved.

The water is raised to the refueling level, the pool gates are removed, and the steam dryers and
separator are placed in a pool provided for then. At this time the fuel assenblies are free
fran equipment interferences and are ready for r'emoval from the reactor. The water has been

adjusted to the correct height and all refueling equipment has been operationally testea.

To start the refueling sequence, the refueling platfom is positioned over the fuel assembly to
be removed using predetemined coordinates read frcn position indicators on the refueling plat-
fom. The fuel grapple is united with the spent fuel assembly, then raised to a predetemined
height to clear the reactor vessel and still leave sufficient water depth over the fuel assembly
to eliminate any radiation hazard to personnel.

The refueling platfom then noves the spent fuel assembly through the refueling canal to the
spent fuel storage pool. The spent fuel is positioned over a designated vacant cavity in the
spent fuel storage rack, lowered into the rack, and the fuel grapple is disengaged.
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To install new fuel, the processes are carried out in reverse order. The rcactor is then re-
turned to an 7perating condition, thus conpleting the refueling cycle.

Reuseable fuel channels are renoved fro 1 the fuel prior to of fsite shipnent. A section of the
fuel storage pool is designated as a work area during refueling. The equipnent in the work area
is used for dechanneling the spent fuel and installing channels (new or used) on the new fuel.

The equipment used for preparing new and spent fuel includes a monorail jib hoist with trolley,
grapple poles, hand-actusted grapples, portable underwater lights, underwater work table, and a
channel handling boon located between the two fuel preparation machines.

To ship spent fuel of fsite, spent fuel assenblies are loaded into a specially designed, shielded,
and cooled shipping cask. To load spent fuel, the reactor building crane is used to lower the
shipping cask into the fuel pool and set it on the cask pad area in a vertical position. The
cask closure is then renoved. Through use of the refueling platfom, the spent fuel assemblies
are placed in the shipping cask. The cask closure is then reinstalled and sealed. The reactor
building crane is used to move the cask fran the pool to the shipping cask decontamination area.
The cask is washed down to renove any contamination that may have been picked up in the pool.
The cask is then loaded onto rail or truck transportation for shipment off the site.

l.4.4 PWR Refueling Operation

The PWR refueling operation is fundamentally the same as that for the BWR except for the transfer
between the reactor and refueling, or auxiliary, building. For this operation the fuel is
placed in a container located on the transfer carriage, lowered to a horizontal position, driven
through the fuel transfer tube to the transfer canal by an air notor, and raised to a vertical
position f . - transfer to the fuel storage pool .

There are only two basic differences between PWR and BWR refueling procedures: (1) the renoval
of control clusters fron PWR fuel prior to the transfer tube operation, and (2) the stripping of
fuel channels fron BWR fuel assemblies.

Figures B.8 and B.9 show a refueling handling syste, for a PWR.

1.4.5 Mixed 0xide Fuel Considerations
*

Plutonium that is recovered fra, spent fuel at reprocessing plants is a fissionable material and
could be used in new fuel assenblies in place of uranium-235. Plans to recycle plutonium this
way are well developed, although generic approval for connercial-scale recycle has been deferred
indefinitely by the NRC.2' Detailed designs of such fuel assemblies generally are mechanically
identical to standard uranium fuel assemblies. Plutonium is blended with uranium 235 and natural
uranium. All metals are in oxide fom and therefore, the mixture is called " mixed-cxide."
Mixed oxide fuel assemblies could be used interchangeably with standard uranium fuel assemblies.

Consequently, reactivity characteristics of the two fuel types are designed to be approximately
the same. Reactors which have been operating with mixed oxide fuel on a demonstration basis
include Big Rock Point, Dresden 1, and Quad Cities 1.

W.. . , c, <.s kn.
B-28



Because the physical features and reactivity characteristics of standard uranium fiel assemblies
and mixed oxide fuel assenblies are essentially the sane, there are no unique requirenents for
handling or storing one type versus the other.

.

1.5 TRANSPORTATION PRACTICES

Irradiated nuclear fuel has been transported in the United States since the nid-1940's, with
numerous shipping cask designs developed because of the variety of AEC (DOE), military, research,
and connercial nuclear reactors in service. Experience gained in the design and use of these
casks, plus stringent NRC and Department of Transportation (DOT) regulations.4,5 have led to the

present generation of LWR shipping casks.

All spent LWR fuel transported in the United States currently is shipped in heavily shielded
Casks by truck or rail. Truck cisks weigh 25-35 tus when fully loaded and will nomally accom-
modate 1 to 3 PWR or 2 to 7 BWR fuel elenents. Rail casks can weigh in excess of 100 tons fully
loaded and can take 7 to 12 PWR or 18 to 22 BA fuel elenents. Barge shipment renains unex-

, ploited.6 Since air shipnent of plutonium in any fom is presently precluded by law,6 spent
fuel cannot be transported by air.

The primary reliance for safety in transport of irridiated nuclear fuels is based on the ship-
ping cask design. Cask design and operation are sfluenced by regulations imposed by the NRC,
DOT, and the individual states. These regulations are described below.

l . 5.1 Regulatory and State Requirenents

Strict criteria regarding allowable radiation levels, criticality safety, heat dissipation, and
release of radioactive materials have been established for spent fuel shipping tasks. Cask
design must prevent loss or dispersal of spent fuel under nomal operating and severe design
base accident conditions.

Primary responsibility for overseeing the transportation of radioactive naterials in the United
States rests with the D0T and NRC. State requirenents are nomally auxiliary regulations that
pertain to transportation routes in highway weight limits, or rq sire additional safety measures.

Some degree of overlap does exist between the NRC and DOT, but a memorandun of understanding
Isigned in 1966 and revised in March of 1973 generally delineates the authority of the DOT as

setting standards for marking, labeling, safety in shipment (radiation levels, temperatures,
etc.), regulating shippers and carriers, and approving various packages as suitable for trans-
port of radioactive naterials. The authority of the NRC (then AEC) was set forth as reviewing
and approving shipping containers for fissile, Type B, and large quantities of radioactive
materials as defined by Title 49 CFR 173.389. This represents almost all radioactive materials.

1. 5.1.1 Fede ral

NRC regulations for the transport of radioactive materials are set forth in " Standards for
Protection Against Radiation" (10 CFR Part 20), and " Packaging of Radioactive Materials for
Transport and Transportation of Radioactive Material Under Certain Conditions" (10 CFR Part 71).

"~"'
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The packaging and shipping requirements for transport of radioactive materials are a function of
the quantity, type, and fissile characteristics of the isotopes being shipped. The " transport
group" of an isotope refers to any one of seven groups into which radioactive materials in
nomal fom are classified according to toxicity and potential hazard in transport as defined by
Title 49 CFR Part 173.389.8 Because of the presence of plutonium and other highly toxic isotopes,
irradiated nuclear fuel is classified as Transport Group 1, the nost restrictive grouping.

The quantities of isotopes which can be shipped as Type A Type B, or large quantities vary with
the transport group.9 Spent nuclear fuel is shipped under a large-quantity designation.

Shipments of fissile material are classified as either Fissile Class I, II, or III, as defined
by Title 49 CFR Part 173.389.10 Spent fuel shipments are rated as the nost restrictive class,
Fissile Class !!!, which requires special arrangnents between the shipper and carrier to ensure
nuclear criticality safety for shipment.

The general NRC criteria for packaging and shipment of radioactive materials are given in 10 CFR
Part 71, Subparts B, C, and D. Because of the large-quantity designation for irradiated fuel

,

shipments, spent fuel casks must also be designed to meet hypothetical accident conditions when
applied sequentially." The hypothetical accident conditions and the resultant cask condition,
as set forth, represent what are considered reasonably conservative estimates of what a trans-
portation accident might involve.

To show that a cask design will meet the conditions of 10 CFR Part 71, each applicant is required
to subnit a detailed Safety Analysis Report (SAR) to the NRC. This SAR contains three basic
parts. The first covers such general infomation as a description of the cask, contents, and
operational features. The second part is for technical information, including structural assess-
nent, heat transfer analysis, containment evaluation, shielding, and critict.lity. The final
part deals with fabrication and operation of the cask, including operating prc-cedures, acceptance
tests, nalntenance program, and quality assurance. The SAR is the principal neans for the
applicant to provide infomation to denonstrate that the cask design meets the requirenents of
10 CFR Part 71. Analyses of cask handling and drop accidents and how they af fect the shipping
and receiving facilities are covered in the SAR's required for those f acilities under 10 CFR
Part 50, " Licensing of Production and l4111 ration Facilities."

NRC regulations for transportation of radioa'tive materials are also included in 10 CFR Part 20,
and require a receiver to check any package (cask) for smearable contamination within 3 hours
af ter receipt and to notify the carrier and the NRC innediately if contamination levels above

222,000 dpn/100 cn are found.I3 Records nust be kept of all such cask surveys and monitorings.
Licensees must (1so maintain and follow established procedures for opening or handling any
shipping cask.

Security requirements for the protection of irradiated reactor fuel during transportation are
included in Section 73.37 of 10 CFR Part 73, "Requirenents for Physical Protection of Irradiated
Reactor Fuel in Transit."

DOT regulations for transportation of radioactive materials are given in 49 CFR ("Transporta-
tion") Parts 170-179. These regulations set th; criteria for radiation levels, surface

Q'*:*v (h e>y s As.M
tb30



temperatures, surface contamination levels, bill of lading infomation, labeling, placarding,
shipper certification, accident response, and general packaging.

In 1974 the D0T proposed a new labeling systen for hazardous naterials callad the D0T H! systen.
If adopted, this system will alter the infomation given below and would require additional
emergency response infomation to be carried with the shipnent.

Spent fuel casks are transported in exclusive-use vehicles and must be filled only by the con-
signor and opened only by the consignee. Allownble radiation limits for exclusive-use vehicles
are:16

a. 1000 mR/hr at 3 feet fran the external surface of the package (cask)
(closed vehicles only);

b. 200 nR/hr at any point on the external surface Gf the vehicle (truck or rail
car) (closed vehicles only);

c. 10 nR/hr at 6 feet frm the external surface of the vehicle;

d. 2 mR/hr in any nomally' occupied posittori in the vehicle.

Because of the large size of the packages used for shipping irradiated fuel, the limiting factor
will be the radiation level at either three feet from the surface of the package or six feet

from the vehicle. Therefore, the radiation levels at the package surface will be considerably
below those allowed by the regulation.

Based on actual experience, radiation lerels around some irradiated fuel casks may exceed
200 mren/hr at the surface of the cask, but will neet the limitations of 1000 crem/hr for closed
vehicle shipments. In order to meet the limitation of 10 mren/hr at six feet from the vehicle
surface, the level will rarely exceed about 50 or 60 mren/hr at the vehicle surfa:e, or 25

mren/hr at three feet from the truck or rail car.

Although a radiation level of 2 mren/hr is pemitted in a truck cab, the level based on actual
experience is unlikely to exceed 0.2 mren/hr, because of the distance from the cask and shield-
ing provided by intervening material.I7

2Surface contamination levels must be 2200 dpn/100 cm or less for beta-ganma (s y) radiation,
and less than or equal to 220 dom /100 cm for alpha (2) radiation.IO2

Heat generated within shipping casks must be dissipated so as not to affect the efficiency of
the cask or to danage the contents. Maximum accessible external surface temperature of a package
(cask) transported as an exclusive use shipment must be 180'F or less.

Shipping papers for spent fuel shipments nust include identification of contents, weight, volume,
transport group, list of radionuclides, physical or chenical fom, required labels, placards,
fissile class, activity, and shipping certificate.20
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Following any accident, immediate notification must be given to the DOT, and a detailed report
nust be submitted within 15 days.21

1.5.1.2 State and Locg

State and local regulations on the transport of nuclear materials are nonnally limited to those
requirements for any type of vehicle traffic, such as gross vehicle weight and dimensions.
Overweight shipments are sonetimes subject to limitations on routing and time of operation. In

2addition, some states have adopted or are considering regulations to cover the following:

a. Routing restrictions, speed limits, or blanket prohibitions on shipments;

b. Advance notification of shipments and approval by states;

c. Inspection of shipments;

d. Pilot vehicles or escorts;

e. Special training of drive 5, additional monitoring personnel, and emergency plans;

f. Requiring drivers to carry copies of state regulations;

g. Special-use trains;

h. Classifying drivers as radiation workers;

i. Emergency preparedness by state officials.

The effect each of the above can have on transportation of spent fuel will vary from state to
state and will have to be evaluated on an individual basis.

1.5.1.3 Other

Attempts by the American Association of Railroads to impose a requirement that all spent fuel
shipnents by rail be on a special train limited to a maximum speed of 35 mph and to levy a
surcharge of approximately $19 per train mile for this service have been uverruled by the Inter-
state Commerce Commission.

Although no spent fuel shipments are nade by either barge or air at present, regulations covering
the transport of radioactive materials by such means are contained in 49 CFR Parts 170-199.

'.5.2 Description of Casks

At present, all spent fuel shipments in the United States are by truck or rail casks. Truck
casks are more mobile and much lighter than rail casks. Truck casks are limited to a loaded
weight of about 25 tons because of the maximum 73,280-pound load limit (tractor-trailer included)

for most highways. Weights up to 35 tons are usually acceptable on an oventeight basis, although
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most states will require certain restrictions, such as routings, time of travel, or early noti-
fication.of shipment. Rail casks weigh about 100 tons fully loaded, and have a much larger fuel
elenent capacity. (It would take six trips with a truck cask to carry the same anount of fuel
that could be transported in a fully loaded rail cask.)

One advantage to truck casks is the faster turn-around time, about three to four days being
necessary for a 3200-kilometer round trip with a truck cask, compared with nine days for a rail
cask.I Experience at one reprocessing plant showed two round trips of 177 kilometers each were
possible in slightly more than 4 hours each with a truck cask.23 Truck casks will still be
needed for those reactors without rail facilities. Table B.3 summarizes those casks in the
United States that are either presently licensed or known to be in the planning / fabrication
stage and that are capabib of transporting spent LWR fuel .

The majority of those casks presently licensed or known to be in the planning / fabrication stage
in the United States are discussed in more detail below. Not included are a few other spent
fuel casks that are designed for very specific types of fuel and that will not generally handle
present-day LWR fuels.

1.5.2.1 Truck Casks

NFS-4--The Nuclear Fuel Services NFS-4 is a water-filled 1 PWR/2 BWR truck cask. The license
application was submitted in January 1972, with final AEC approval in November 1972. The first
two casks were completed in 1973. The cask has an internal cavity 452 cm long by 34 c, in
diameter, with interchangeable baskets for either PWR or BWR fuel elements. Surrounding the
cavity for gamma shielding and structural strength is 16.8 cm of lead and about 4 cn of stainless
steel (in several layers). Neutron shielding is provided around the body by 11.4 cm of borated
water-antifreeze solution. The cask lid is held down with high-strength bolts and sealed with
Teflon 0-rings. Stainless-steel-encased balsa wood impact limiters are provided around the side
and ends of the cask.

Heat rejection is by convection through the water coolant in the cavity to the inner wall,
conduction to the neutron shield, convection to the outer wall, and convection plus radiation to
the atmosphere. Maximum heat rejection capacity is 11.5 kW. Maximum design conditions for the
inner cavity during nomal transport are 174'C at 150 psig. Nomal pressure upon receipt is
alnost always less than 5 psig, however, so the design is quite conservative. Under the maximum
fire accident, the cask will withstand 222'C at 948 psig with no loss of containment.

TN-8--The Transnuclear TN-8 is a 40-ton truck cask designed to transport 3 PWR assemblies in an
air atmosphere. The TN-8 will nornally travel under overweight restrictions, although several
could be placed together on a rail car. A license was granted by the AEC in 1974. Casks of the
same design are presently operated in Europe. The TN-8 has an inner cavity length of 427 cm,
with three separate cubicles of 24 x 24 cm for the inJividual elements. Shielding is by 18.5 cm
of lead and 6 cm of steel (in several layers). Neutron shielding is previded by 15 cm of borated
solid resin. Shock absorbing covers are attachcd to the top and bottom of the cask.

Maximum design heat generation is based on 35.5 kW. During nonnal operation the maximum tempera-

ture of the inner shell(s) is ll5'C. Heat rejectian is via conduction through the cask body to
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Table B.3. Spent Fuel Casks

Prima ry Weight Capacity FUd Cavity Design Heat Casks
Transport Loaded, in Elements, in Length /Dia., Generation Major Neutron Available

Cask * Mode tons ** PWR/BWR Cavity on Rate, kW Shielding Shielding April 1979

NFS-4 Truck 25 1/2 Water 452/34 11.5 Lead and Borated H 0 6
steel antifreeze

NLI-1/2 Truck 24 1/2 Helium 452/32 10.6 Lead and Water 5
steel

NLI-10/24 Rail 97 10/24 Helium 455/114 77 Lead and Water 2
steel

TN-8 Truck /rall 40 3 PWR Air 427/170 35.5 Lead and Borated solid 2
steel resin

TN-9 Truck / rail 38 7 BWR Air 452/170 24.5 Lead and Borated solid I
steel res;n

TN-12*** Rail 107 12/32 Air 467 135 Steel Borated solid -

resin
as IF-300 Rail 68 7/18 Water 458/95 61.5 Urani am Water 4

h and steel

* Cask initials:
NFS = Nuclear Fuel Services, Inc.
NLI = NL Industries (previously National Lead Company)
TN = Trans Nucleaire
IF = " Irradiated Fuel", symbol used by General Electric Corporation.

**Not including auxiliaries.
***Not authorized by U.S. Nuclear Regulatory Commission.
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the outer wall, with convection and radiation from copper cooling fins on the outside. Pressure
is stated to be atmospheric during transport. The cavity design pressure is 110 psig.

A unique feature of the TN-8 is a cylindrical shell which is placed around the outside of the
cask before it is lowered into a loading or unloading pool. The annular space is filled with
clean water during loading. This, along with other devices to protect the ends of the cask,
minimizes contamination of the cask surface and therefore reduces decontamination time and
expense.2 b26

TN-9--The Transnuclear TN-9 is essentially identical to the TN-8 except the TN-9 is designed for
seven BWR elements. The inner cask cavities are 25 cn longer, wi+h the cask design heat genera-
tion rate equal to 24.5 kW.24-26

NLI 1/2--The National Lead Industries NLI 1/2 is a 24-ton helium-filled, 1 PWR/2 BWR truck cask.
The cask can be used with an optional 600 m inner container that provides an additional level
of confinement. Initial issue of the SAR was in 1972, with NRC approval granted in March 1975.
The cask has a cavity length of 452 cm and a diameter of 34 cm, or 32 cm if the optional inner
container is used. Shielding around the body is provided by 7 cm of depleted uranium, 5.4 cm of
lead, and 3.8 cm of steel (in several layers). Neutron shielding is provided by 12.7 cm of
water. Two lids are used to seal the cask at the top. Depleted uranit". ar.d steel are used for
shielding on the ends.

Maximum heat generation rate is based on 10.6 kW. Maximum fuel temperature uncer conditions of
nomal transport is conservatively estimated at 545*C. Nomal maximum design pressure is 120 psig
when the inner container is used, or 22.5 psig when it is absent. liaximum fuel temperature
during a fire accident condition is 594*C. The cask has a pressure rating of 543 psig at 454*C
when the inner container is used, and 264 psig at 4E4*C when it is absent.27

At the present time, there are five NLI-1/2 casks in the United States, and there are plans to ,

fabricate five more eventually.26,27

% '4 3 3 9

1.5.2.2 Rail Casks

TN-12--The Transnuclear TN-12 is a 107-ton rail cask capable of acconmodating 12 PWR or 32 BWR

fuel elements in an air atmosphere. This cask is undergoing licensing review in Europe, and
once a license is obtained there, the conpany plans to submit its application to the f:RC for use
in the United States.

The cask has an inner cavity 373 cm long, and has an extension that will allow use of the cask

fhuel elements up to 502 cm long. Total loaded cask weight is 116 tons with the extension in
Fplace.

Numerous features designed to improve operation and reduce operator dose commitments are said to
be included,as a result of the company's experience in Europe. The cask uses a solid stainless
steel body for gamma shielding and a borated solid resin for neutron attenuation. Maximum heat
rejection is basert on 135 kW. Design pressure is 425 psig.24,25
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fili 10/24--ine National Lead Industries f1LI 10/24, authorized by NRC in June 1976, is a 97 ton,
helium-filled,10 PWR/24 BWR rail cask. Of four initially placed under construction, two have
been delivered.

The cavity is 455 cm long by 114 cm in diameter. The cask has two interchangeable aluminun
baskets for use with PWR or BWR fuel. Gamma shielding is provided by 15 cm of lead plus about
5-8.6 cm of stainless steel (in several layers). Neutron shielding is provided by 23 cm of
water. Depleted uranium shielding is used on the cask ends and at strategic locations in the
cask wall. Impact structures are used to protect the cask ends and sides. Two closure heads
are used.

Maximum heat generation rate is based on 77 kW (including an axial peaking factor of 1.1). Two

auxiliary cooling systems are provided to circulate water through channels alongside the inner
cavity. Auxiliary cooling is not needed for the cask during fire accident conditions. Without
auxiliary cooling and at maximtn heat generation rate (including 1.1 axial peaking factor), the
average fuel temperature is 348'C. Without the cooling system in operation, heat dissipation is
by conduction through the body to the neutron shield, convection to the outer surface, and
convection plus radiation from the finned outer surface to the atnosphere. Maximum fuel tempera-
ture during fire accident conditions is 533*C. Nomal cavity pressure during transport is
expected to be about 23 psig, with a naximun internal pressure of 105 psig occurring in the fire
accident.28

IF-300--The General Electric IF-300 is a 68-ton water-filled rail cask capable of transporting
seven PWR or 18 BWR fuel eler.ents. Licensing was begun in January 1971 and approval was granted

by the AEC in 1973.

The IF-300 is provided with two interchangeable stainless steel baskets, one for each type of
fuel. Gamna shielding around the body is provided by a combination of 10 cm depleted uranium
clad with stainless steel. Shielding around the cask ends is provided by 7.6 cm of depleted
uranium clad in stainless steel. Neutron shielding is provided by the water in the cask plus an
annular layer outside the gamma shield. The outer wall and ends of the cask are finned for
impact protection.

fiaximum heat generation is based on 76.7 kW. Cooling is provided by cor. vection to the inner
cavity wall, conduction to the outer neutron shield and convection to the corrugated outer wall.
Forced air impingement is used to cool the outer shell. During nomal operation, the maximun
fuel temperature is expected to be 163*C. If the forced air impingement system is lost, the
temperature will rise to a maximum of 221*C. If shielding water is lost from the outer compart-
ment, the maximum fuel temperature could reach 788'C, but only af ter all the inner cavity water
had boiled off. It has been conservatively estimated that this would require more than two
days.29

oMJ6&to,.o3.

1.5.3 Description of Handling Operations .

1.5.3.1 Reactor Operations

Cask handling operations will vary between reactors and with different types of casks, but in
general, almost all reactors will have certain common facilities. These include spent fuel
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storage pocl, cask loading pool, cask decontamination area, cask and fuel handling cranes, and
miscellaneous underwater tools and viewing equipment.

The spent fuel storage pool provides interim storage from the time spent fuel is discharged from
the reactor until it is transported off the reactor site. The cask loading pool is a small pool
nomally adjacent to the spent fuel storage pool. These two pools are separated by an isolation
gate so that operations conducted in one do not interfere with operations in the other. In the
cask decontamination area (usually adjacent to the storage pool) the external surface of a
shipping cask can be cleaned and decontaminated before and after it has been placed in the cask
loading pool . Because of differences in weight between the fuel assemblies and the spent fuel
casks, separate cranes are used to handle each.

The empty fuel cask is removed fran the truck or rail car by the cask handling crane, placed in
the decontamination /washdown area, and checked for smearable contamination levels. After it is
rinsed to remove dirt and road grime, the cask is transferred to the cask unloading pool. The
cask lid is removed and set aside. The pool is filled with water as necessary to ensure a safe
depth of water over the cask for loading. The isolation gate between the two pools is opened,
and irradiated fuel elements are transferred one at a time to the waiting cask using the fuel
handling crane. Damaged or ruptured fuel elements may be shipped inside canisters.

Once the cask is filled, the isolation gat is closed and the cask lid replaced. Nomally the
cask will be raised a few feet out of the unloading pool so that two or three bolts can be
inserted into the lid to hold it in place. As the cask is raised further, it can be hosed down

to renove most of the contaminated pool water.

The cask is transferred to the decontamination or washdown area. The exterior is decontaminated
and the interior is drained or flushed, as necessary. The lid bolts are torqued down as reqcired
and the seal pressure tested. Smears are then taken of t5e cask body. If contamination levels
are within limits, the cask is put back on the truck or rail car, the auxiliary cooling system

is hooked up (if present), and the personnel barrier is put in place.

bede3kk
1.5.3.2 Transportation

Truck transportation of spent fuel is similar to any non-nuclear transportation of heavy loads,
with the exception that some states have extra restrictions, especially for overweight loads.
D0T regulations require transport of radioactive materials with no unnecessary delays, 0 and for
extra caution to be taken whenever a situation arises that the truck must be parked for any
length of time.

Rail transportation of spent fuel has been limited by the speed limit and "special train" require-
ment imposed by the American Association of Railroads but now overruled by the Interstate Commerce
Commission. There may also be certain routing restrictions imposed by the states or cities such
as New York or necessitated by poor track conditions in some areas.
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1.5.3.3 Cask Unloading

The unloading sequence for a spent fuel cask will be essentially the same whether the receiving
facility is a reprocessing plant storage pool, a, independent storage pool, or another reactor
storage pool.

The cask personnel barrier is first checked for smearable contamination and then renoved. The
spent fuel cask is then checked for smearable contamination levels. If the levels are within
DOT limits, the cask is washed down to remove road dirt and grime, nomally in an outside area.
If contamination levels are above D0T limits, the washdown and decontamination is done indoors

where the washdown liquids are collected and sent to a liquid waste disposal system. If levels
are above 10 CFR Part 20.205 limits, the NRC is notified immediately.

The cask tie-downs are removed and the cask is transferred to a test or decontamination pit. If

it is a wet cask, the interior pressure and temperature are checked and the water sampled.
Depending on contamination limits, the water is either flushed out or left in the cask. For a
dry cask, a cask cool-down system may be hooked up if necessary to cool the fuel temperature to
a level where the cask can be placed into an ur. loading pool without flashing or boiling in the
cask.3I

Once the cask tenperaturE3 are reduced to acceptable levels, the cask is lowered into an unload-
ing pool. Normally, the lid bolts will be loosened and all but 2 or 3 removed before the cask
is submerged. When the cask has been lowered into the unloading pool, the lid is removed and
set aside. Fuel element identification nunbers are checked against shipping records, and then
the element: are removed one at a time to waiting cannisters in the unloading pool. The isola-
tion gate between the unloading pool and the storage pool is opened and the fuel cannisters are
moved one at a time to the latter. The isolation gate is then closed, the cask internals in-
spected and the lid replaced. The cask is lif ted a few feet out of the pool, two to three bolts
are attached to the lid, and the cask is transferred to the decontamination pit. Nomally, the

cask will be washed during renoval from the pool.

In the decontamination area, the cask internals are drained, the lid tightened to specifica-
tions, and the exterior decontaminated. Snear; are taken to check for compliance with DOT
limits.

When radioactivity levels are acceptable, the cask is placed on the carrying vehicle. Tie-downs
are secured and the personnel barrier is replaced. The cask is then stored or released for
further use,

w ~H.oe.> k o
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1.5.4 Availability of Casks

There were approximately 14 truck and 6 rail casks licensed and available for the transport of
spent nuclear fuels in the United States by the early part of 1979. The staff's estimate of
cask requirements is discussed in Section 3.2 and Appendix E.

Future availability of casks is affected by licensing, design time, fabrication problens, lead
casting or uranium casting and machining capabilities, lead times for special items, cuality
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assurance, and capital availability or economic incentive. The time required for procurement of
different casks can vary greatly, but should range from two to five years.

1.5.4.1 Licensing

Licensing is the critical path item for most nuclear facilities but is not always so for spent
fuel casks. It is the goal of the NRC to rule on a license application for transport containers
within 12 months af ter issuance of the Safety Analysis Report. Whether this goal is reached

or not depends upon the complexity or innovativeness of design, completeness of the SAR, and
response time to NRC questions.

Once a license application is approved there is little further licensing time for additional
individual casks as long as the design is not altered, since the original SAR will stand f' all
future identical models. Quality assurance, testing procedures, and inspections will nat -ally
still have to be carried out and any nodification of design will require an amendment to the'

SAR.

1.5.4.2 Design Time

Design time is largely a function of cask complexity and project organization. Detailed design
of a cask could take from one to three years to conplete, depending on these parameters. As
with licensing, once the initial model has been completed, design time for future models is
minimal providing no major revisions are made. fiost of the detailed design should be completed
prior to tuuance of the SAR.

1.5.4.3 Fabrication

Fabrication time is largely dependent on the conplexity of design and project organization.

There are few companies in the United States with adequate crane capacity or room to fabricate
100-ton : casks, and the number with adequate lead-pouring capabilities is fewer. Only a few
companies in the United States are capable of handling and macnining depleted uranium. Most of
these same companies do have acceptable quality assurance programs so that should not be a

linitation on the choice of fabricator.

The ability to realize these problems, to spot long-tern procurement items, to recognize parts
that are difficult to fabricate, to schedule accordingly, and to minimize fabrication time
requires competent and experienced project management. Balancing all these factors, it should
take fran 10 nonths to 3 years to fabricate a truck cask, and from 1.5-4 years to fabricate a
rail cask.

,o s og&-,4t.Ytu
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1.5.4.4 Quality Assurance and Control

All fabricators for such critical items as spent fuel casks are required to have rigorous quality
assurance programs that nust be described to the NRC upc,a submission of the SAR."
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Specific requirenents are delineated in 10 CFR Part 71 for carious observations and tests re-
quired before a cask is initially approved and before each subsequent use. Such tests include
shielding, pressure testing, and heat dissipation checks prior to initial use, and proper assen-
bly, proper closing, correct valving, pressure, and presence of neutron absorbers before each
subsequent use. Fabricators are also subject to inspection by the D0T, f4RC, and licensee (if
different fron fabricator). Depending upon complexity of design or effectiveness of the quality
assurance program, from 5 to 25% of cask fabrication time is devoted to quality assurance activi-
ties.

1.5.5 Safety Considerations

Spent fuel shipping casks must meet stringent hypothetical accident conditions. A full descrip-
tion of these conditions and the radiological effects on the general public are covered in
Reference 14. Following is a brief sumary of these safety consideraticr.s.

Each applicant for a license is required by 10 CFR Part 71 to do a detailed nuclear safety
analysis on the package involved to ensure it will remain subcritical during nomal and hypo-
thetical accident conditions. For Fissile Class III, as defined by 49 CFR Part 173.389, which
includes packages such as spent fuel casks, the analysis nust show that two packages (casks)
side by side undergoing the sane hypothetical accident conditions and ending up in the most
reactive geonetric arrangement and with close reflection on all sides will still be subcritical.

The design b3 sis accident conditions are intended to be as severe a set vf hypothetical accident
conditions as could be imagined, yet still be credible. Spent fuel casks must be designed to
meet these conditions with no loss of containment capability. The risks associated with such
accidents have been evaluated and it has been detemined that the chance that physical ham of
any significance resulting frm radioactivity release or radiation levels that could occur
during a rail or truck cask accident is very small."
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APPENDIX C

TERMINATION CASE CONSIDERATIONS

1.0 INTRODUCTION

The operation of coal-fired power plants to replace nuciear plants that would be shut down af ter
there is no further spent fuel storage space available to them (Alternative 4) is considered in
this appendix. Nuclear generating capacity fo the years 1979 through 2000 that would require
shutdown and replacement is taken fron Table 3.2 of Volure 1 for Alternative 1 without FCR.

Plants burning coal from five different sources which reflect representative choices for various
regional locations of a model plant are discussed. The coal is characterized and emissions from
the plants on the basis of a single day's operation at full capacity are listed. Two model
plants are then selected for consideration on an annual basis. The first is assumed to burn
Illinois No. 5 coal (high sulfur) and the second Wyoming coal (low sulfur).

1.1 THE MODEL PLANT

For analytical purposes, electricity was assumed to be generated by model 1,000-MWe conventional
coal fired power plants. Based on current technology, each plant would consist of a boiler
system with either pulverized-coal burners or cyclone furnaces, 3 flue gas cleanup systen con-
sisting of electrostatic precipitators for particulate removal, and limestone scrubbers for 502
reduction. The flue gas would be emitted from a stack 300 meters high with a diameter of
6 meters. In a dry-bottom pulverized-coal burner, most of the fly ash is produced in suspen-
sion, so about 80% of the ash content of the coal is entrained in the flue gas, resulting in
high particulate emissions; while in a cyclone furnace, 60-70% of the ash is removed in liquid
form as slag in the furnace, and only 30-40% becomes entrained in the flue gas. At the higher
operating temperatures of a cyclone furnace, more atmospheric nitrogen is oxidized and therefore

more NO, is emitted in the flue gas than would occur from a pulverized-coal burner. Character-
1stics and efficiencies of the flue gas cleanup system are presented in Section 6.0 of this
appendix.

Improvements in the heat transfer system have been directed toward increased efficiency. In
conventional electric power generating plants, the heat transfer system leads to the production
of superheated steam, and in large-scale commercial applications to the production of steam at
se n rcritical pressures. This steam is used to drive the main turbines and generators. Modern
fossil fuel fired steam electric power generating plants produce steam at 3,500 pounds per
square inch gauge press re superheated to 1,000'F with 1,000*F reheat, and require 8,500-9,500 Btu
to produce a kilowatt-hour of electricityl (2.5-2.8 kWt/kWe), for an efficiency rate of
36-40 percent. Therefore, the 1,000-MWe model plant woulc have to operate at 2,500-2,800 MWt.
The exact figure within this range would depend on several factors (see Table C.1).
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Table C.l. Power Budgets for 1000-MWe Cyclone Furnace and Pulverized-Coal Burner,
with Cooling Lake or Natural-Oraft Wet Cooling Tower

(MWt)

Coal Moisture, %

0 2.5 5.0 10.0 20.0 40.0

Net Power 1000 1000 1000 1000 1000 1000

Auxiliary Power 170 170 170 170 170 170

Condenser Loss ll50(ll65)a 1150(1165) 1150(1165) 1150(1165) 1150(1165) 1150(1165)

Stack Loss

Ory Flue Gas 260 260 260 260 260 260

Moisture 0 11 22 45 90 180

Combustibles 0(50)b 0(50) 0(50) 0(50) 0(50) O(50)

Totals
Cyclone Furnace (Cooling Lake) 2580 2591 2612 2625 2680 2780n

" Cyclone Furnace (Cooling Tower) 2595 2606 2627 2640 2695 2795

Pulverized-Coal Burner (Cooling Lake) 2630 2641 2662 2685 2730 2830

Pulverized-Coal Burner (Cooling Tower) 2645 2666 2677 2700 2745 2845

a Condenser loss for a cyclone furnace or pulverized-coal burner with natural-draf t wet cooling tower is 15 additional MW, or 1165 MW.
bThe stack loss of combustibles for a pulverized-coal burner with cooling lake or natural-draft cooling tower is 50 additional MW.
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2.0 ANCILLARY STRUCTURES

Except at minemouth plants, coal is nomally delivered as periodic shipments of large tonnage,
yet the input stream of the burner feed system must continuously w n ntrolled to maintain a
steady power input. Even at minemouth plants it is not feasible to match the delivery schedule
to the instantaneous consunption rate. Imposed between the delivery and the consumption of the
coal is a considerable amour.t of ancillary equipment ,2 that serves to control the coal supply1

to the burner feed system.

The to i receiving and unloading facility nust be suited to the mode of delivery. From the
unload ng facility, the coal is moved to either of two stockpiles: the live storage pile or the
reserve storage pile. The live storage pile must contain, as a minimum, sufficient tonnage to
maintain a steady supply to the burners between scheduled coal shipments, but with the smallest
practical surplus. The pemanent storage stockpiia will typically hold a 100-day supply (a
50-day supply at minemouth plants ) to protect against interruptions in delivery. The pile
arrangement allows easy movement of coal fran pemanent to live storage by crawler tractors with
push blades.

The coal is conveyed from the live storage pile to a crusher house and on to a 1,500-ton-
capacity surge bin. The surge bine is the primary device for smoothing out the delivery of coal
to the burner feed system. The conveyor which feeds the surge bin is equipped with a sampler
which contir.uously monitors the Btu equivalence of the coal so that the tonnage of coal required
to meet boiler load demand can be estimated. The surge bin is also equipped with collectors to
remove excess dus't and reduce the risk of explosion. The coal is conveyed from the surge bin
either to silos or to bunkers which feed the burners or +.ne furnaces. A boiler fired by pal-
verized-coal burners has a pulverizer incorporated in the feed system from each silo, and the
pulverized coal must be mixed with a measured amount of preheated air.

3.0 FUEL REQUIREMENTS

The data fran which coal consumption can be estimated are the plant design themal capacity
(MWt), the heating value of the coal (8tu/lb), and the plant load factor. For example, a plant
requiring 2,66 MWt (Table C.1), utilizing coal with 2.5% moisture and 15,000 Btu /lb, would
consume 303 tons /hr at full capacity, and 182 tons /hr at 60% capacity. Assuming the plant
nomally operates at 60% capacity, 4370 tons / day would have to be delivered to the plant.
Similarly, the 100-day reserve stockpile would require 437,000 tons of coal. Based on 1,750
tons per acre-foot, this stockpile would require a volume of 250 acre-feet. The annual fuel
requirements for such a plant would be 1,595,000 tons.

Both pulverized-coal burners and cyclone furnaces require the use of ignitors during startup and
shutdown and for flame stabilization. These ignitors burn oil and/or natural gas. For the
model plant, natural gas ignitors would consume approximately 660,000 million cubic feet per
year (data from Ref. 2, adjusted to 1,000-MWe plant output).

siL2 Aat.Y k0
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4.0 C0AL STORAGE AREAS

The coal storage areas serve as the primary buffers for uninterrupted coal supply. There are
two aspects of conventional coal delivery which can intt erupt the coal supply to the plant.
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First, the daily tonnage delivered typidly arrives as one or two bulk shipments rather than as
a continuous strean. Secondly, deliveries are subject to unscheduled interruptions because of
labor problems (nine disasters) or transportation prnblems (derailments, floods). These two
potential sources of interruption are compensated ice by establishing twn stockpiles (live
storage and reserve storage) which cre managed for different objectives, as described in the
following two sections.

4.1 Live Storage

As calculated in Section 3.0 of this appendix, the plant with a cooling tower and pulverized-
coal burner, utilizing cnal with 2.5% moisture and 15,000 Btu /lb heating value, would consume'
slightly more than five tons of coal per minute at 100% capacity and 3.5 tons a minute at 60%
capacity.

Because of technical considerations in the handling of fresh coal, the optimum size for the live
coal storage pile is the minimum described above; the maximum acceptable size is scarcely lorger.
Because coal is fomed under reducing conditions, it begins to oxidize slowly whenever it is
brought into contact with air. Thus, the Stu value of the coal in stockpiles decreases over
time. Since this low-temperature oxidation is a surface action, the amount of oxidation occur-
ring is inversely proportional to the tine since the coal was cut from the mine. To ninimize
the loss in heating value, the residence time of coal in live storage is mininized by maintain-
ing the smallest practical pile.

In addition, the relatively high -,iount of low temperature oxidation in fresnly cut coal leads
to a relatively high rate of heat production. Unless this heat is dissipated quickly, spontan-
eous combustion may result. Hence, the live storage coal is maintained in small, loosely stacked
piles to maximize heat dispersal and minimize risk of fire, although this maximizes the exposure
of coal to t!.e air.

4.2. Reserve Storage

A reserve storage stockpile of coal is maintained at the plant site in order that plant opera-
tions can continue in the event of an unscheduled interruption in delivery (such as rail or mine
strikes). Nomally, a 100-day reserve supply is maintained. However, minenouth plants may
stockpile only a 50-day supply at the plant site since it may be possible to move additional
coal fran mine site stockpiles if necessary.

Because of the long residence time for the coal in the reserve stockpile, the rate of low temper-
ature oxidation may reach a very low value. The pile is well compacted to minimize the access
of air to the coal. For present purposes, the midrange of industry practice has been taken as
a typical amount of compaction for reserve storage piles.

An additional constraint on energency reserve stockpiles is safety. The pile must be checked
periodically for hot spots. If these hot spots are not removed to the boiler feed strean as
they are discovered, spontaneous conbustion will probably occur, and may result in sizable
losses of coal.
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5.0 D1!SSION ABATEMENT METHODS

Coal cebustion for electric power generation results in mission of sulfur oxides, nitrogen
oxides, and particulate matter or fly ash. Other emissions which lately have earned consider-
able interest are trace elements and radionuclides.4-6 On June 19, 1978, the U.S. Enviromental

Protection Agency promulgated regulations for the Prevent.on of Significant Deterioration (PSD)
7of Air Quality as was mandated by the Clean Air Act Amer.dments of 1977 (PL 95-95). These

regulations set maximum increases in particulate matter and sulfur dioxide foi three classes of
areas designated as Class I,11 and 111. Class I is generally categorized as the areas in which
the least amount of additional pollutants will be allowed, Class 111 as the areas in which the
largest increments will be allowed, and Class II as all other applicable areas unless designated
otherwise. State implementation plans, with provisions for meeting the National Anbient Air
Quality Standards, were to be prepared by December 31, 1978, and if acceptable to the EPA, made
effective by July 1, 1979.

0
On May 25,1979, the EPA established New Source Perfomance Standards that established a
1.2-pound-per-million-Btu limit based on a 30-day rolling average for sulfur dioxide emissions
released from new coal-fired power plants. This limit also called for a 90% reduction in sulfur
dioxide emissions down to a 0.6-pound-per-million-Btu level and a minimum of 70% reduction for
emissions below the 0.6-pound le nl. N1 fur removed through coal washing or in the fly ash and

bottom ash would be credited tc- -ds achievenent of the standard.

The Clean Air Act applies io "majo. sources " defined for power plants as any sources emitting
more than 100 tonc per year of specified pollutants. The Model 1,000-MWe Coal-Fired Power Plant
would be covered under this act. In attempting to comply with these regulations, the operator
of a new or existing coal-burning power plant has available a wide array of air pollution control
devices and techniques to reduce a115sions to within allowable levels. The various pollution
control technologies differ in extent of de,elopment, perfomance efficiency, reliability, cost,
and operational pro ~ lems.o

5.1 Particulate (Fly Ash) Control

Under the EPA regulations promulgated on June 19, 1978, the maximum allowable ambient air
increases in particulate matter (in micrograns per cubic meter) as annual mean and 24-hour
maxima are 5 and 10,19 and 37, and 37 and 75 for Classes I, II and III, respectively.

5.1.1 Electrostatic Precipitators

Electrostatic precipitators, used conventionally for control of particulate emissions in coal
fired electric generating stations, consist of a chamber (or chambers) through which passes the
flue gas containing entrained ash particles. These chambers contain flat parallel plates from 6
to 12 inches apart, with rod or wire electrodes between them.9.10 A high voltage is applied to
the electrodes, the wire or rod serving as the negative discharge electrode and the grounded
collection plate as the positive electrode. A direct-current, high-voltage corona is estab-
lished in the interelectrode space around the discharge electrcv a, ionizing the molecules of
electronegative gases, such as 0 , CO , and 50 , present in the flue gas. Under the action of

2 2 2

the electrical field, the gas ions nove rapidly toward the collecting electrode and transfer
their charge to the particles by colliding with them. Once the charged particles are in the
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electric field, they are directed toward the collection electrode where they are deposited, the
magnitude of the force depending on the particle charge and the intensity of the field. The
accumulated dust is removed from the collection electrode by rapping at intervals to dislodge
the deposit. It is then collected in a hopper underneath the electrode compartment to await
removal and ultimate disposal.

H'gh overall mass collection efficiencies (> 99% and up to 99.9%) can be achieved at a low
pressure drop through the precipitator and at a low power requirenent.U From 0.1-l% of the
total fly ash escapes the precipitator, and the size of escaped particles is smaller than 1 or 2
microns.12 Recent tests have shown that fractional collection efficiencies generally follow
theoretical predictions, decreasing with decreasing particle size to some minimum at around 0.2
to 0.5 micron and then increasing in collection efficiency for particles of smaller sizes.II

In general, electrostatic precipitators are relatively compact, and maintenance and downtime are
relatively Icw. The performance or collection efficiency, however, depends on fly ash resisti-
vity, which in turn is detemined by flue gas temperature and the sulfur content of the coal
being burned. Low-sulfur coal produces a high-resistivity fly ash that reduces the collection
efficiency at temperatures typical of conventional cold precipitators, which operate near
300*F.9,13,M

This difficulty may be circumvented by use of hot precipitators which operate at 600*F or more
and give high collection efficiencies that are insensitive to coal sulfur content. The higher
operating temperatures are achieved by placing precipitators upstream of the air heater rather
than in the downstream position typical for cold precipitators. Hot precipitators are coming
into increased use with the growing dependence on low-sulfur coals.15-U

5.1.2 Wet Scrubbers

Wet scrubbers generally remove particles by impacting them with water droplets. However, par-
ticle collection in wet scrubbers currently in use may involve three mechanisms: inertial
impaction, interception, and diffusion.II Particles larger than about 1 micron in diameter (the
diameter of the collector droplet) are collected primarily through inertial impaction, while
particles of 1 micron are collected through interception. Diffusion into the collector droplet
governs the collection of particles smaller than about 0.1 nicron. Particles in the size range
of 0.1 to 1 micron are the most difficult to collect, as is the case with other collecting
devices."

Removal of particulate matter may employ any of the following types of scrubbers: plate column,
packed-bed, preformed spray, gas atomized spray (e.g., Venturi scrubber), centrifugal, and
moving-bed. For power plant application, the most widely used types are the Venturi and the
moving-bed scrubbers.10

5.2 50 CONTROLx

A number of near-tem options for air quality control systens have been developed, or are in the
process of being developed, which are designed to meet 50 emission standards of coal fired

2
power plants.18 These include (1) use of low-sulfur coal, (2) coal beneficiation, (3) flue-gas
desulfurization, and (4) coal beneficiation combined with flue-gas desulfurization.
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5.2.1 Low-Sulfur Coal

Under the New Source Perfomance Standards, even the use of low-sulfur coal will require flue-

gas desulfurization to meet the prescribed limits. However, the requirements will be less strin-
gent. Typically, a plant burning low-sulfur coal would require only a 70% reduction in sulfur
dioxide emission to achieve a level below 0.6 pounds per million Stu -tereas higher sulfur coal
would require a 90% reduction to even achieve levels that exceed the 0.6 pound value.

5.2.2 Coal Beneficiation

Coal beneficiation consists of crushing the coal and separating the heavier pyritic-sulfur-
bearing particles (3-1/2 times as dense as the coal itself) from the lighter coal by physical or
mechanical means.10 Organic sulfur cannot be removed by beneficiation and therefore places a
limit on sulfur removal. The process of beneficiation also significantly reduces the ash content
of coal, as well as the levels of trace heavy metals.

Sulfur reduction as high as 46% can result, depending on the level of beneficiation. Reduction
of ash by as much as 65% is possible, increasing the net heating value of the coal as much as
20% and decreasing the sulfur content by 55% on a Btu basis. Under the New Source Performance
Standards, sulfur reduction by coal beneficiation will be credited towards achievement of the

50 emission linits.
2

, 5.2.3 Flue-Gas Desulfurization

A flue-gas desulfurization system is classified as a " throwaway" systen because it produces a
waste sludge by-product, or as a "regenerible" systen because it regenerates the sorbent and
produces sulfuric acid or a sulfur by-pro 1uct. Four of the most developed control systems are:
(1) lime / limestone scrubbing, (2) double alkali scrubbing, (3) magnesia scrubbing, and (4) the
Wellman-Lord process.10 The first two ire throwaway systems, while the last two are regenerable.
These four systems represent approximately 90% of the systems in operation or under construction,
with the lime / limestone scrubbing processes receiving the widest application.10,18

5.2.4 Coal Beneficiation Combined with Flue Gas Desulfurization

Sulfur renoval through beneficiation is not sufficient to pemit the direct burning of coal
under applicable emission standards. However, beneficiation coupled with flue gas desulfur-
ization (FGD) reduces the demands on an FGD system, resulting in capital and operating cost
reduction.18 In addition, beneficiation reduces ash content, increases the calorific rating of
the coal, and, if done at the mine site, substantially reduces shippir.g costs. Beneficiation
prior to flue gas scrubbing reduces the quantity of sludge generated at the power plant site,
shifting the buyden of solid waste to the mine site, where it is more amenable to disposal.

yv qq - s.,MuoU

5.2.5 Intemittent Control Systems

Previce to the enactment of the 1977 Clean Air Act Amendments, the strategy of intemittent
rather than continucus emission control was a cost-effective technique for compliance with
emission standaro:19 when the aim was to control short-tem ground-level concentrations of 50x
near the scurce, rather than overall emissions. During nomal or favorable meteorological

C-7



conditions, the intemittent enission control technique relied on the relationship between
ambient air quality and stack height at which 50 emission occurs for the diffusion of the

2
pollantant well above ground level. During unusual or unfavorable atmospheric conditions, such
as inversion, either of two emission abatement methods was resorted to: (1) fuel switching
(temporarily burning a supply of low-sulfur fuel) or (2) load switching, or assigning a portion
of the electrical load to another generating station that has available capacity and can comply
with emission standards.

Because atmospheric dispersion rates vary widely, reliability of an intemittent control system
(ICS) to meet air quality standards greatly depends on the accuracy of air quality forecasting.
design of control system, and dependability of system components. Constraints on ICS imple-
rrentation include local weather, terrain, stack height, anu emission parameters. Economic
considerations connected with modifying the coal handling, feeding, and firing systems of power
plants to permit switching to low-sulfur coal are also included in detemining the feasibility
of implementing an ICS.

Capital and operating costs for an ICS are significantly less than for an FGD system, but the
use of the ICS for meeting all 50 ambient air quality standards has not been demonstrated. O

2
This method, however, is no longer pemitted.

5.3 NO, CONTROL

Coal conbustion remains as the largest stationary source contributor (42%) to N0, emissions.20
Coal contributes 63 percent of the NO, cmitted frcra electr ical power generation. NO, fomed in -

combustion originates from two distinct sources: (1) the themal fixation of atmospheric nitro-
gen in the combustion air to fom NO,, made possible by the high temperatures in coal fired
furnaces, and (2) N0 production from the conversion of chemically bound nitrogen in the coal.x

A number of N0 control options have been studied in the past, including the use of syr.theticx

fuels, fuel additives, fluidized-bed boilers, and flue gas treatment, but rnodification of the
combustion process appears to be the most viable means of reducing N0 fomation from stationary

xsou rces.20,21

Overall control of excess air consistent with efficient burner operation appears to be the
simplest method for N0 reduction. This approach reduces the concentration of oxygen availablex

for combination with atmospheric or coal-bound nitrogen, thus minimizing the fomation of N0 .
x

In actual practice, howewr, a certain amount of excess air is always required to avoid the
production of unburned fuel and smoke resulting from poor combustion. A decrease in excess air
can also lead to furnace slagging, with increased maintenance and possible operating problems.20

Another possible approach to N0, control is through staged combustion.20,21 This operation
consists of firing the operating burners in the lower burner rows or levels with subst91chiometric
quantities of air, and providing the additional air required for the burn-out of com'custibles
through the air registers of the uppemost row or level, keeping the quantity of overall excess
air as low as possible. The effect is to create two combustion zones--a primary reducing zone
and a lower-temperature post-flame oxidizing zone.

,
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Control of excess air and staged combustion appears to have similar results in the control of

N0, fomation. Reported data on reductions of NO emission levels are in the range of 50 tox
65%.21,22

6.0 AIRBORNE COMBUSTION EMISSIONS AS A FUNCTION OF C0AL TYPE

This section discusses atmospheric emissions of sulfur oxides, particulate material, and trace
elements as a result of coal combustion during the generation of electrical power. The calcula-
tions are done for a standardized 1,000-MWe power plant for a variety of coals whict. reflect
representative choices for various regional locations of the model plant. The only variations
in coal treatment and plar.t configuration are the inclusion of a coal-cleaning step for Appala-
chien and Eastern Interior coals having a high pyritic sulfur content. Calculations also were
perfomed of quantities of emissions released on an annual basis for two model plants, the first
burning Illinois coal (high sulfur) and the second Wyoming coal (low sulfur). A plant capacity
factor of 60% was assumed. Results of tl.e calculations are presented in Figures C.l through
C.11 for the years 1979 through 2000. The number of plants required in tems of total generating
capacity for each year is taken from Table 3.2 of Volume 1 for Alternative I without FCR.

Coal choices for each of the nodel plants are as follows. The Northern Appalachian plant is
assumed to utilize coal from the Pittsburgh seam of Pennsylvania, which constitutes one of the
main sources of minable coal reserves in the state. Coal from the Upper Elkhorn No. 3 seam of

eastern Kentucky, a large resource with a relatively low sulfur content, is used in calculaticns
for the Southern Appalachian plant. The Eastern Interior plant is assumed to burn coal from one
of two sources, the Illinois No. 5 sean or Wyoning subbituminous coal. The latter choice is
considered feasible since Wyoming coals are currently used in sone Illinois and Michigan power

plants. Calculations are perfomed separately for each of these two coals, and blending is not
considered. The Four Corners plant is assumed to utilize coal from the Wepo famation of the
Black Mesa Field of Arizona. A plant located in the Pacific Northwest utilizes coal delivered *
from Wyoming by train.

All results presented in the text were calculated assuming that the plants operate at 100% of
capacity over a one-day period.

Coal containing a high percentage of pyritic sulfur can be mechanically cleaned to reduce the
amount of noncombustible material and sulfur content. The lignites and subbituminous coals
which constitute the bulk of western coal production have low sulfur contents and are generally
not cleaned. Coal from the Upper Elkhorn No. 3 seam of Kentucky was also not assumed to be
cleaned because, like many southern Appalachian coals, its low pyritic sulfur content makes
cleaning of only small benefit. Coals fiom the Pittsburgh bed of Pennsylvania and the Illinois

23No. 5 bed have high pyritic sulfur contents and were assumed to be cleaned before combustion.

Results of cleaning these two coals are , . en in Table C.2.
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Qth t&U

C-9



70

60 - 5*

m
5 50 -

400->-

m 40 - WYOMING C0AL
E hm-
E 30 - " u "*5C"'

*o
5a 20 -

gm- -

-

E
'*- *#*10 -

ILL. No. 5 COAL
'' ' ' ' '' 'd' ''

0"
1979 1984 1988 1992 1996 2000 og,, ,,,, " 'y,f ' 'y,j ' ' ',f ' ' 0m2

YEAR WAR

Fig. C.l. Particulate Emissions. Fig. C.2. Zinc Emissions.

?
5 13 0 ogg

Irw-

14 -

nao-

12 -
'*-

g 900-

5 10- @sw

8 -
|LL.No.5 C0AL @m- u.ma s cowsm

o. e 600-
eE6 - 3 5*-

S *
e_

4 -

WYOMING C0AL 3*-CO

2 ~ **^
wams co

, _

*' ' ' '' ''''''
I".. 0 . . . ...i.......
v- 1979 1984 1988 1992 1996 2000 b9 ise4 ass e92 su 2000
G2 "'"

YEAR

Fig. C.3. Cadmium Emissions. Fig. C.4. 50 Emissions.2



,

800
5*

ILL. No. 5 or
700

WY0 MING C0AL

$ 600 -

W
500- g zw-e

; e10 MING COALy
400 - em

300 -
525 -
3oa W im-

2 200 -

10 0 -

u. u s cou
0 'iI ' ' ' I i i I ' ' ' '

1979 1984 1988 1992 1996 2000 %s ' 'n'al ' 'iEd ' 'rki ' 'idd ' 'zwo
'E""

YEAR

Fig. C.S. N0x Emissions. Fig. C.6. Annual Coal Requirements.

16000

14000- 55

so

12000- 45- u.no s cong
a 4 -

W 10000 - ILL.No.5 C0AL
, 35-ee

W 8000 - j 30- -

g
02 h 6TO - E"-

3 20-I4 v

f.J, " 4000 -

WYOMING C0AL
'5-

c,
' ~

*! 2000 -

'
- ii 'i ' ' iI ' ' o ''''-0 "'' ' ' ' ' ''88 * *

1979 1984 1988 1992 1996 2000 ,tia "
YEAR

Fig. C.7. Land Disturbed by Surface Mining. Fig. C.8. Coal Washing Wastes.



4000

14000

'

120003000 -

,

W 5 10000 -

*m

2000 -
WY0 MING C0AL 5 8000 - WY0 MING C0ALE

5 E 6000-
R9

g gogo _ g4000-
-

~

ILL.No.5 C0AL ILL.No.5 C0AL
0 ''''''''''''''''

3979 1979 1984 1988 1992 1996 2000
1984 1988 1992 1996 2000

YEAR
Fig. C.9. Bottom Ash Discharged. Fig. C.10. Fly Ash Collected.

?
-

~
40

3 30
-

-
m
E ILL. No.5 C0AL

20 -m
5
3
S
s 10 -

WYOMING C0AL

* ' ' '''''0
1979 1984 1988 1992 1996 2000g.

p.j YEAR

CJ Fig. C.11. 502 Scrubber Sludge.
CI
2

.



Table C.2. Sulfur and Ash Contents of Two Coals
before and after Cleaning (percent)

Total Sulfur Content Total Ash Content
Before After Before After

Coal Type Cleaning Cleaning Cleaning Cleaning

Pennsylvania Pittsburgh 2.0 1.26 7.5 3.6

Illinois No. 5 3.5 2.45 10.0 5.2

Table C.3 summarizes coal consumption rates for a 1000-MWe generating plant using the coals
chosen for each of the five regions, and includes raw coal needs for the two coals assumed to be
cleaned. The coal consumption was calculated using a plant themal efficiency of 40%. Raw coal
needs were detemined from the yield of the cleaning process.

Table C.3. Coal Consumption by tiodel 1,000 MWe Power Plants
and Raw Coal Needs for Washed Coals (short tons)

Raw Coal
Coal Consumption, Needed If Washed.

Plaqt Location Coal Sources tons / day tons / day

Northern Appalachia Pittsburgh (Pennsylvania) 7,480 10,200

Southern Appalachia Upper Elkhorn No. 3 7,210 -

(Kentucky)

Eastern Interior Illinois No. 5 8,980 11,700

Anderson, Canyon, and 12,500 -

Wyodak-Anderson (Wyoming)

Four Corners Wepo Fomation 8,810 -

Pacific Northwest Anderson, Canyon, and 12,500 -

Wyodak-Anderson (Wyoming)

Note: The data in this table assume 100% capacity factors for the inodel plant.

6.1 fly Ash

Table C.4 gives botton ash, collected fly ash, and atmospheric fly ash emissions for each of the
model plants. The calculations were made for cyclone boilers assuming that 65% of the combustion
ash appears as botton ash, and for dry-bottom pul erized-coal boilers assuming that bottom ash
constitutes 20% of the total. The remaining ash fractions were assumed to be fly ash. Atmos-
pheric emissions were calculated assuming use of an electrostatic precipitator with a 99.5%
collection efficiency.

O e a . <v pv O rc.Cih-
6.2 Sul fu r
Sulfur dioxide emissions were calculated assuming complete conversion of the sulfur in coal into
sulfur dioxide. A limestone scrubber was assumed to be installed on each plant. Either a 90%
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Table C.4. Bottom Ash, Collected Fly Ash, and Atmospheris Fly Ash Production Rates
in Short Tons / Day for tiodel Plants in Different Locations

Collected Atmospheric Fly
Coal Ash Botton Ash, Fly Ash, Ash Emission,

Plant Location Coal Bed Content, % tons / day tons / day tons / day

Cycl.a Pulv.b Cycl. Pulv. Cycl. Pulv.
cNorthern Appalachia Pittsburgh (Pennsylvania) 3.6 175 54 60 210 0.29 1.1

Southern Appalachia Kentucky Upper Elkhorn No. 3 3.9 180 56 60 220 0.30 1.1

Eastern Interior Illinois No. 5 5.2c 300 93 105 370 0.50 1.3
Wyoning 6.0 485 150 165 600 0.81 3.0

Four Corners Wepo 5.2 295 92 95 360 0.49 1.8

Pacific Northwest Wyoming 6.0 485 150 165 600 0.81 3.0

? Note: The data in this table assume 100% capacity factors for the model plants.
aCyclone boilers.
bDry-bottom pulverized-coal burners.
C *Ash content after cleaning.
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or 70% reduction in 50 emisst n as necessary to meet the New Source Perfomance Standard was
2

also assumed, the higher sulfur-containing coals utilizing the 90% value and the lower sulfur-
containing coals, the 70% value. Sulfur remov,' through coal washing was credited towards these
values. 50 emissi n calculations are summarized in Table C.5.

2

6.3 Trace Elements

Coal trace element contents may be highly variable fran one location to another and even within
a given mine; it should also be recognized that the data for sone elements and localities are
based on limited statistics.

Atmospheric emissions of trace elements are sunmarized in Tables C.6 and C.7. The emission

rates in Table C.6 were calculated assuming that 65% of the ash produced during conbustion
appears as botton ash, a typical figure for a cy;1one-fed boiler. The rates in Table C 7 were
calculated for a case in which 20% of the total ash is botton ash, consistent with a dry-botton
pulverized-coal boiler. The calculations were based upon the partition factors developed by
Klein, Andren, and Bolton.2 tor coals from the Pittsburgh and Illinois No. 5 seams, it was
assumed that cleaning does not reduce the trace element concentration of the coal. This was a
highly conservative ascumption, since the concentrations in coal of sone trace elenents appear
to be effectively reduced by cleaning. The assunption was made only because of the sparse data
on trace element washabilities of coal. This procedure should be reviewed if significant environ-

'

mental impacts are noted later for atmospheric emissions of some elements.

,, p
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Table C.S. Atmospheric Sulfur Dioxide Emission Rates and Scrubber Sludge Generation Rates by flodel Plants

Anount of Linestone
Scrubber Sludge

Emitted w J roduced, tons / dayPounds 50 50
Sc rubbing,j th2 2Plant per Dry Wet

Location Coal Bed % Sulfur fiillion Btu, tons / day (50 Solids)
Northern Pittsburgh 2.0 (1.26)b 2.9C (1.G2)b 30 430 860
Appalachian

Southern Upper 0.9 1.77 13 315 630
Appalachia Elkhorn #3

Eastern Illinois #5 3.5 (2.45)b 6.14 (4.30)D 62 1030 2060
Interior

Wyoming 0.45 1.10 34 215 430

n Four Wepo 0.6 1.04 32 205 410' Corners

Paci fic Wyoning 0.45 1.10 34 215 430

Note: The data in this table assune 100% capacity factor for the nodel plants.
a EPA New Source Performance Standards, May 25, 1979.
bAf ter cleaning.
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Table C.6. Atmospheric Discharges of Trace Elements (short tons / day) from
Five Model Plants Utilizing Cyclone Burners

Northern Southern Eastern Eastern Pacific
Appalachian, Appalachian, Interior, Interior. Four Corners, Northwest, Range

Trace Pittsburgh Upper Elkhorn Ill. #5 Wyodak-Anderson Wepo Wyodak-Anderson of

Element Bed #3 Bed Bed (Wyoming) Bed Formation (Wyoming) Bed Values

Arsenic (As) 0.0017 0.00059 0.00068 0.00012 0.00022 0.00012 0.00012-0.0017

Barium (Ba) 0.0016 0.0017 0.0012 0.0045 0.00094 0.0045 0.00094-0.0045

Cadmium (Cd) -a - 0.00060 0.00011 <0.00011 0.00011 <0.00011-0.00060

Chromium (Cr) 0.00083 0.00063 0.0011 0.00024 0.00036 0.00024 0.00024-0.0011

Cobalt (Co) 0.00046 0.00037 0.00042 0.00016 - 0.00016 0.00016-0.00046

Lead (Pb) 0.0014 0.0010 0.0096 0.00019 0.0011 0.00019 0.00019-0.0096

Manganese (Mn) 0.00033 0.00039 0.0012 0.00026 0.00016 0.00026 0.00016-0.0012

{ Mercury (Hg)b 0.0013 - 0.0013 0.00040 0.00036 0.00040 0.00036-0.0013

Selenium (Se)c 0.0040 0.0032 0.0024 0.0010 0.0024 0.0010 0.0010-0.0040

Vanadium (V) 0.00086 0.00072 0.0010 0.00047 0.00027 0.00047 0.00027-0.0010

Zinc (Zn) 0.0029 0.0019 0.020 0.0058 0.0014 0.0058 0.0014-0.020

Note: Data permitting calculation of atmospheric emission rates of copper, molybdenum, and nickel are not availabic at this writing. How-
ever, Klei, et al. (" Occurrence and Distribution of Potentially Volatile Trace Elements in Coal," Environ. Geol. Note No. 72, Ill. Geol.
Surv.,1974) note that copper and molybdenum are markedly enriched in the fly ash fraction not collected by electrostatic precipitators,
and Natusch et al. (" Toxic Trace Elements: Preferential Concentration in Respirable Particles " Science 183:202-204,1974) have demon-
strated that nickel also co1centrates preferentially on smaller fly ash particles.
The data in this table assume 100% capacity factors for the model plants.

a0 ashes indicate no data.
bAssumes 90% of Hg in coal is discharged to atmosphere as vapor.
CAssumes 13% of Se in coal is discharged to atmosphere as vapor in addition to the small portion absorbed on fugitive fly ash.g
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Table C.7. Atmospheric Discharges of Trace Elements (short tons / day) from
Five Model Plants Utilizing Pulverized Coal Burners

Northern Southern Eastern Eastern Pacific
Appalachian, Appalachian, Interior, Interior. Four Corners, Northwest, Range

Trace Pittsburgh Upper Elkhorn Ill. #5 Wyodak-Anderson Wepo Wyodak-Anderson of
Element Bed #3 Bed Bed (Wyoming) Bed Formation (Wyoming) Bed Values

Arsenic (As) 0.0022 0.00077 0.00088 0.00016 0.00029 0.00016 h 0.00016-0.00?2

Barium (Ba) 0.0034 0.0037 0.0026 0.010 0.0021 0.010 0.0021-0.010

Cadmium (Cd) -a - 0.00070 0.00012 0.00013 0.00012 0.00012-0.00070

Chromium (Cr) 0.0021 0.0016 0.0028 0.00063 0.00094 0.00063 0.00063-0.0028

Cobalt (Co) 0.00093 0.00074 0.00085 0.00032 - 0.00032 0.00032-0.00093

Lead (Pb) 0.0015 0.0011 0.010 0.00021 0.0012 0.00021 0.00021-0.010

Manganese (Mn) 0.01090 0.0011 0.0034 0.00072 0.00045 0.00072 0.00045-0.003t

{ Nercury (Hg)b 0.0013 - 0.0013 0.00040 0.00036 0.00040 0.00036-0.0013
*

Selenium (Se)c 0.0040 0.0032 0.0024 0.0010 0.0024 0.0010 0.0010-0.0040

Vanadium (V) 0.0026 0.0022 0.00JO O.0014 0.00083 0.0014 0.00083-0.0030

Zinc (Zn) 0.0031 0.0020 0.022 0.0063 0.0015 0.0063 0.0015-0.022

Note: Data permitting calculation of atmospheric emission rates of copper, molybdenum, and nickel are not available at this writing. How-
ever, Klein et al. (" Occurrence and Distribution of Potentially Volatile Trace Elements in Coal," Environ. Geol. Note No. 72, Ill. Geol.
Surv.,1974) note that copper and molybdenum are markedly enriched in the fly ash fraction not collected by electrostatic precipitators,
and Natusch et al. (" Toxic Trace Elements: Preferential Concentration in Respirable Particles," Science 183:202-204,1974) have demon-
strated that nickel also concentrates preferentially on smaller fly ash particles.
The data in this table assume 100% capacity factors for the model plants.

a 0 ashes indicate no data.
b/ssumes 90% of Hg in coal is discharged to atmosphere as vapor.
cAssumes 13% of Se in coal is discharged to atmosphere as vapor in addition to the small portion absorbed on fugitive fly ash.
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APPENDIX D

INCREASING FUEL STORAGE CAPACITY

1.0 C0fiPACT STORAGE AT POWER PLANTS

1.1 INTRODUCTION

The method of expanding storage capacity used for any particular plant is detemined by a number
of factors which must be considered by the owner. These include:

1. Period for which in-plant storage is required;

2. Scheduled availability of offsite storage or other disposal means;

3. The extent of unused floor space in the spent fuel pool;

4. The amount of spent fuel already in storage;

5. The difficulty of removal of existing racks and their disposal;

6. Plant seismic design criteria;

7. The licensability of various options (see also Section 3.2 of the statement).

There are additional factors which bear upon the selection of a storagc w pansion system. These
include the following:

1. Ability of the existing spent fuel pool heat transfer system to acconnodate the additional
heat load or the feasibility of adding more cooling capacity if required (heat output of
aged spent fuel drops off rapidly);

2. Ability of the spent fuel pool structure to withstand the additional loadings under seismic
conditions fran the new racks when loaded with spent fuel;

3. Ability of the fuel pool filtering and purification system to accommodate the additional
loading of spe'It fuel or the feasibility of adding more water purification capacity;

4. Ability to acconmodate or dispose of nonfuel-bearing reactor parts such as control rods,
fuel channels, core instrumentation, and other minor parts which are stored underwater; and

5. The pool depth (this may be a factor in two-tier stacking of fuel but does not have much
effect on pool surface radiation if the older fuel with long storage is in the upper racks),
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The following paragraphs discuss the various aspects of increasing spent fuel pool storage
capacity at power plants. Some of the attributes of increasing storage capacity are:

1. No external shipment of spent fuel is necessary;

2. No additional handling of shipping casks is necessary;

3. Additionally stored fuel is under the same safety requirenents as the originally stored
fuel;

4. The same service systems, such as pool cooling water and filtering, can be used as for the
originally stored fuel; and

5. The additional storage space is available in the shortest period of time when compared with
other alternatives.

One of the major considerations 1" compact storage is that of fuel 35sembly spacing to ensure
that the fuel storage facility is always subtritical by a safe mugin, even under accident
conditions. The current requirement that the multiplication factor k must be 0.95 or less

eff
for spent fuel rack designs is given in NRC Standard Review Plan, Section 9.1.2. Past design

practice used spacings which allowed calculated k values of 0.90 or less, using less sophisti-
eff

cated computational techniques and hence a greater error allowance.

As originally designed, the spent fuel storage racks are spaced cic.ser in BWR storage pools than
in PWR pools. The spacing is clo;er in BWR's because each fuel element is smaller and contains
less fuel (about 1/2 that of the PWR). The further reduction of spacing is more difficult in
BWR's. If the matrix of the BWR storege racks were brought closer together than the original
design, the calculated k would become greater than allowable. The only alternative lef t for

eff
closer pr ''.ed arrays fe the BWR is the use of neutron absorbing naterials as part of the rack
= % uction. The nateri:Is which can be considered are stainless steel, Boral (a mixture of

B C ic 31urinun) and stainless steel with a snall amount of boron. The use of neutron absorber4
naterials in rack constructicn is now a standard reans of spent fuel storage rack design.

Selected exmphs showing how pool storage capacity for PWR and BWR plants can be increased
using the above concepts are giver later in this appendix. Old racks would be disposed of in
ac'.ordance with NRC regulations.

1.2 DESIGN CRITERIA

The purpose of this section is to identify those criteria and referenc2 documents that are
available ts guide and direct new fuel storage pool construction and the modification of existing
facilities. As nentioned above, the early fuel storage pool designs were developed fro 1 codes
that were available at the time, and then the designs were subjected to a number of reviews
during design and construction and prior to operation. The technology that has evolved fraa
tnis process is currently recorded in various documents that are available for use by engineers
and designers.

Table D.1 lists ccdes, standards, and licensing documents connonly used in the design of fuel

storage facilities. Additional standards are referred to in the listed documents. This section

D-2
0 . c,
u b O 9, b,8



describes some of the more important parameters, criteria, and design bases derived from these
documents. Consideration is given to criticality, seismic, structural, heat generation, cooling,
fuel storage pool radiation, water cleanup, in-service inspection, accidents, and construction
standa rds.

1.2.1 Criticality

PSAR's and FSAR's of existing power plants show values for keff generally considerably less than
0.95. The pool design was not optimized since the original plan was to acconnodate only a few
discharges of fuel in the pool befon shipment of fuel to a reprocessor. Generally, the fuel
assembly spacing has been more conservative than necessary. As a result, it is possible to
provide closer spacing with ne9 tron absorbers or medium spacing with stainless steel (low cross

section neuaon absorber) and still meet the k requirements. In some cases the original pooldf
size was optimized in order to take advantage of closer fuel spacing. Expansion of the fuel

.

storage capacity in such a plant would be more difficult.

remains at 0.95In the design of the fuel storage pools for expansion of storage capacity, keff
or less, but only when design margins have been included for the following items:

- Accuracy of calculation
- Possible accidents which could increase the multiplication factor
- Consideration of dry storage of new fuel if pool is needed during :nitial fuel loading.

Table D.l. Applicable standards

_.

NRC Regulatory Guides

Guide
Numbe r Number Title Date Revision

1 1.13 Spent Fuel Storage Facility Design Basis (Safety 12/75 :
Guide 13)

2 1.25 Assumptions Used for Evaluating the Potential 3/73/72 0
Radiological Consequences of a Fucl Handlir,3
Accident in the Fuel Handling and Storage Facil-
ity for Boiling and Pressurized Water Reactors
(Safety Guide 25)

3 1.26 Quality Group Classifications and Standards for 2/76 3
Water , Steam , and Radio-Waste-Containing
Components of Nuclear Power Plants (Safety
Guide 26)

4 1.29 Selsnic Design Classifications (Safety Guide 29) 9/78 3

5 1 .31 Control of Ferrite Content of Stainless Steel 5/78 3
Weld Material (Safety Guide 31)

6 1.33 Quality Assurance Program Requirements (Operations) 3/78 2
(Safety Guide 33)

7 1.55 Concrete Placement in Category I Structures 6/73 0

7a 3.43 Nuclear Criticality Safety in the Storage of 4/79 1

Fissile Materials
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Table D l. Continued

NRC Standard Review Plans

Standard
Numbe r Section Ti tle Issue

8 3.8.4 Other Seismic Category I Structures Issued November
1975 .

9 - Draft Environmental Standard Review Plans for Draf t pub-
the Environmental Review of Construction Pemit lished January
Applications for Nuclear Power Plants, Part I 1977

10 9.1.2 Spent Fuel Storage Revision 2
11 9.1.3 Spent Fuel Pool Cooling and Cleanup System November 1975

12 9.1.4 Fuel Handling System Revision 1
13 9.2.5 Ultimate Heat Sink Revisiot 1

'

Code of Federal Regulations

Ti tl e

14 10 CFR 50, Appendix A, General Design Crf terion 2, 4, 5, 44, 45, 46, 61, 62, and 63
15 10 CFP 50, Appendix B Quality Assurance Criteria for Nuclear Power Plants and Fuel

Reprocessing Plants

American National Standards Institute and American Nuclear Society

Standa-d
Numbe r Title

16 N212 Nuclear Safety Criteria for the Design of Trial Use
Stationary Boiling Water Reactor Plants May 1974

17 ANSI Design Objectives for Light Water Reactor Issued 1976
N210 Spent Fuel Storage Facilities at Nuclear

Power Stations
18 /.N SI Nuclear Safety Criteria for the Design of Issued 1973

N18.2 Stationary Pressuri ed Water Reactor Plants

American National Standards Institute and American Nuclear Society

Standard Corresponding
Numbe r Number Ti tl e Status NRC Reg. Guide

19 ANSI Quality Assurance Program Requirements Issued 1977 1.28 & l.33
N45.2, Rev. I for Nuclear Power Plants

20 ANSI Cleaning of Fluid Systems and Associated Issued 1973 1.37
N45.2.1 Components during the Construction Phase

of Nuclear Power Pionts
21 ANSI Packaging, Shipping, Receiving, Storage, Issued le,72 1.38

N45.2.2 and Handling of Items for Nuclear Power
Plants (During the Construction Phase)

22 ANSI Housekeeping during the Construction Issued 1973 1.39
N45.2.3 Phase of Nuclear Power Plants

23 ANSI Installation, Inspection and Testing Re- Issued 1972 1.30
N45.2.4 quirements for Instrumentatior. and Elec-

tric Equipment during the Construction
of Nuclear Power Generating Statior.s

24 ANSI Supplementary Quality Assurance Require- Issued 1974 1.94
N45.2.5 ments and Installation, Inspection, and

Testing of Structural Concrete and Struc-
tural Steel during the Construction
Phase of Nuclear Powr Plants

25 ANSI Qualifications of Inspections, Examina- Issued 1973 1.58
N45.2.6 tion, and Tuting Personnel for the Con-

struction Phase of Nuclear Power Plants
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Table D.1. Continued

A1erican National Standards Institute and American Nuclear Society

Standard Corresponding
Numb 2r Nunbe r Ti tle Status NRC Reg. Guide

26 ANSI Supplementary Quality Assurance Require- Issued 1975 1.116
N45.2.8 ments for Installation, Inspection and

Testing of Mechanical Equipment and
Systems for the Construction Phase of
Nuclear Power Plants

27 ANSI Requirements for Collection, Storage Issued 1974 1.88
N45.2.9 and Maintenance of Quality Assurance

Records for Nuclear Power Plants

a ANSI Quality Assurance Tems and Definitions Issued 1973 1,74
N45.2.10

29 ANSI Quality Assurance Recuirements for the Issued 1974 1.64
N45.2.ll Design of Nuclear Power Plants

30 ANSI Require,ents for Auditing of Quality Draft 4,

N45.2.12 Assurance Uograms for Nuclear Power Rev. 2,
Plants April 1976

31 ANSI Quality Assurance Requirements for Issuea 1976 1.123
N45. 2.13 Control of Procurement of Equipment,

Materials and Services for Nuclear
Power Plants

32 ANS Proposed Sta,ndard, Design Energy Release Draft,

5.1 Rates following Shutdown of Uranium- October 1971
(N18.6) Fueled Themal Reactors

ASME Boiler and Pressure Vessel Code
Code

Section Ti tle
33 Section II Material Specificationt

34 Section III Nuclear Power Plant Components, Division I, Component
Subsection NF Supports

35 Section III Nuclear Power Plant Components, Divisiun I, Quality
NA-4000 Assurance

IEEE Stanaards
Standard

Number Nunbe r Ti tle
36 323 Qualifying Class I Equipment for Nuclear Power

Generating Stations
17 344 Seismic Qualification of Class ! Electric Equipment

for Nuclear Power Generating Stations

Reports and Specifications *

38 Preliminary Safety Analysis Report (PSAR)

39 Final Safety Analysis Report (FSAR)
40 Plant Technical Specifications
41 Plant Environmental Impact Report (EIR)

*
These reports and specifications are provided for each nuclear power plant by the applicant.

1.2.2 Seismic and Structcal

For storage pools at nuclear ywer plants the following equipment has been built to the indicated
seismic classifications:
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Systen, Equipment or Structure Seismic Classification
Fuel pool structure 1

Fuel storage racks 1

Fuel pool makeup system 1

Fuel pool cooling and filtering system 2
Fuel handling system 2

(See listings 4,16,17, ' in Table D.l.)

New expanded fuel storage pels will use the same criteria. The difference between the older
designs and the newer ones is that methods of calculation have improved. The older designs were
based on static seismic calculations; r.wcr designs are based on dynamic analysis using finite
element stress analysis. A conservative static analysis may produce a design equal to, or
possibly more conservative than, a dynamic analysis. Both are satisfactory.

From the structural standpoint, a rack of a given design must not ly be capable of meeting
seismic design requirements and operating requirments, but also must be capable of being trans-
ported to the reactor site and installed without being damaged. Sometines this requirement is
controlling.

Design loadings and load combinations are defined by adaptations of Listings 8 and 9 in Table D.l.
Typical loading combin ions are shown in Table D.2.

Table D.2. Spent Fuel Rack Loading Combinations and Allowable Limits

Loading Combination * Allowatle Limit

D+B+Q S**

D+B+E+H S

D + B + E' + H Yield Stress

D+B+M ***

D+B+U ***

*" Loading Combination" symbols: B = Buoyance load; D = Deadweight
load; E = Seismic operating basis earthquake load; E' = Seismic
design bar's earthquake load; H = Hydrodynamic mass effect; M =
Mechanical damage loads; Q = Thermal gradient load; U = Uplif t load.

**S is the working stress limit per a. )licable code requirements.

***The final configuration of rack array shall maintain k*bf < 0.95.
Energy at'sorbing members whose local or general strain xceed 50%
of the materials ultimate strain shall be assumed as nonexistent
for further energy absorption. Structural members, welds, or
bolts to maintain subtriticality shall be analyzed using a mininum
safety factor of 1.33 base on yield or buckling, whichever is
lowest.

1.2.3 !! eat Generation

Considerable data are available from operating nuclear power plants to derive a calculation base
for computing spent fuel heat generation. Listings 16 and 32 in Table D.1 are used to evaluate
heat generation for long-tem storage of fuel. Both standards are conservative and
include margins to ensure that the calculatian does not provide an underprediction of future
heat loads. The data base itself has been proven accurate without the margins.
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With respect to the ad 'ition of fuel storage capacity to an operating nuclear power plant, the
addition of heat removal capacity is not necessary in the general case. This is because: (1)
the heat generation of fuel in long tem storage (1 year or longer) is only a suall percentage
of the total heat load for which the fuel pool cooling systens are designed; (2) the original
cooling s stens were conservatively designed using the infinite irradiation curve as a basis and
without taking credit for finite irradiction. This assumption provides a large margin in the
calculation.

1.2.4 Fuel Pool Coolig

There are two considerations for pool cooling. The first is the capacity of the external cooling
systen and the ~2cond is the local pool circ lation and natural convection. The pool cooling
systems are d vided into two subsystems in order to assure cooling at all tines and are backed
up by tt; residual heat enoval (RHR) or the shutdown system for b ecial cases, such as the
discharge of all fuel from a reactor core. There are many variations to this pattern, such as
independent pool cooling systens with larger capicity, but the essential features of adequate
cooling and redundancy are incorporated in all systems.

The fuel pool heat exchangers are cooled by the retctor building closed cooling water systen
(BWR) or the component cooling water systen (PWT These two systems are cooled by service

water from a river, lake, ocean, cooling tower, or spray pond as the case may be. This method

of cooling is selected to prevent potential release of small amounts of radioactive isotopes
which may be present in the fuel storage pool water.

The maximun fuel storage temperatures that are pemitted 0 expected are 52*C (125*F) for two
fuel pool cooling subsystems operating or 66*C (150*F) for one subsysten operati,g. The cooling
systen equipment is designed with a rating that ensures r.dequate cooling at all times. The
design basis calculations include a prediction of stored fuel heat generation and maximum cooling
water temperature. Suitable design nargins are included to ensure that the heat generation is
nnt underpredicted and that the cooling systen will perforn satisfactorily. Most of the older
fuel storage pool cooling systems include sufficient design margin so that additional cooling
capacity is not required even with the addition of nore fuel to the pool than originally included
in the design. This is due to the low heat generation of fuel in long tem storage as well as
the large design margins.

Listing 1 in Table D.1 requires that fuel storage pool cooling systems be designed to prevent
draining the pool.

In summary, the pool cooling systens art conservatively designed and generally will acconnodate
iacreased fuel storage without an increase in cooling capacity.

The second evaluation needed is to detemine the natural circulation within the fuel storage
pool and identify any flow restrictions that may cause some fuel assemblies to heat up more than
the rest. The period of interest for this calculation is the first few weeks af ter a refueling
discharge or a full core discharge has been made. After this period the cooling requirenents
are greatly reduced because of the decay of short-lived fission products,

y ,. <q
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1.2.5 Fuel Storage Pool Radiation Protection

The depth of the fuel s; 3 rage pools is about 12 meters and is est3blished by shielding require-
ments from stored fuel and fron fuel being moved within the pool (see Listing 17 in Table D.1).
Because fuel is stored at the bottom of the pool, direct radiation levels are very low at the
pool surface. Radiation levels above the pool are primarily a function of water purity. The
walls and bottom of the pools ce provided with 5 to 10 feet of concrete and nay also be resting
in the ground. Consequerlly .c ect rcdiation through the sides and bc; ton from stored fuel is
very low.

Another contribution to radiation from the fuel ;orage pool is radioactive isotopes in the pool
water. The sources of rtdioactive isotopes a.S from fuel leaks, mixing pool water with reactor
water, or activation products on the outside of the fuel carried from the reactor. A pool
cleanup system is provided to renove radioactive isotopes from the water.

1.2.6 Wate. Cleanup

Fuel pools are equipped with cleanup systems to renove contamination from the pool water. The
systens include filters and anion and cation demineralizers. These systems are designed to
remove radioactive and nonradioactive contamination in order to maintain the proper pool chenistry
and keep the pool surface radiation at acceptable levels. The cleanup systems are designed so
that they can be bypassed at any time additional pool cooling is required for short periods of
high heat load. Full flow and bypass cleanup systems are used. Pool clarity and radiation
limits must be maintained by the systems (see Listing 17 in Table D.1).

1.2.7 In-Serv ce Inspectioni

The general condition of fuel storage racks can be detemined by visual inspection from the pool
surface. More detailed inspection can be carried out by visual equipmcnt such as borescopes and
periscopes inserted into the pool to inspect for evidence of corrosion or cracks in structural
welds. Fuel pool expansion where neutron absorbers are used to provide closer packing of stored
fuel nay require additional inspection in order to establish the conditi 1 of the neutron absorbers.
This can be done by the provision of test coupons of the same material which can be removed for
metallographic and thenical examination as required.

1.2.8 Accident Considerations

The design of new storage racks incorporates the same design requirements as were used for the
original racks and pool structure:

Maintain maximum k,ff for nonnal and abnomal occurrencesa.

(1) Clean water (in PWR)
(2) Fuel drop accidents
(3) Stuck fuel assembly crane uplif t forces
(4) Seismic events
(5) Horizontal movement of fuel before complete removal from rack
(6) Placing a fuel assembly along the outside of the rack

b. Prevent draining the pool
(1) Design of cooling system
(2) Design of makeup system
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Establish offsite doses as may result from a fuel drop accident (Listing 2 inc.
Table D.1)

d. Provide adequate seismic design for pool and rack structures

e. Maintain onsite radiation level within the same limits

f. Protect stored fuel fran natural events (floods, tornadoes, tsunani, nissiles, etc.).

The addition of fuel to be stored for extended periods of tine does not override any of the
above considerations. This is because the amount of fuel stored doer not affect the way fuel is
moved. Specifically, fuel assemblies are moved one at a time. Consequent'y, the fuel drop
accident involves the drop of one assembly, so an offsite dose calculation for this case does
not change. The fuel drop accident provides the maximum potential offsite dose. The calculation
is conservative because actual experience with fuel dropping in the pool has not resulted in
serious danage to the fuel as assumed for the calculation in Listing 2 in Table D.l.

l.3 PROBLEMS AND LIMITATIONS OF STORAGE EXPANSION

1.3.1 Upgrading Seismic Design Analysis

Methods of calculating the seismic responses of building and equipment have been improved.
Older systens were calculated with a static evaluation, while current practice is to use a
dynamic calculation. The dynanic calculation provides a truer picture of seismic response than
the static, but the resulting design 1s not necessarily more conservative because the static
design is based on the maxinun acceleration only. The dynamic calculation takes advantage of
the resonant frequencies of the structure and uses the actual seismic input spectrun imposed on
the structure to detemine loads and stresses.

In order to backfit additional spent fuel storage pool capacity to existing power plants, the
pool structures and the n w rack structures require analysis to assure that all functions and
requirements will be met. The addition of weight (racks and fuel) to the fuel storage pool is
not necessarily a problen, because the major loading in the pool comes fran the contained water
in the pool . The addition of racks and extra fuel amounts to only a small percentage additional
static loading. The pool walls are 5 to 8 feet thick to prcvide shielding and generally are
adequate to provide the seismic support. Also, for both vertical and horizontal loadings, nost
structures include dasign nargins that can be used to acconnodate new loadings There is little

chance to add to the pool structure that is already in place. Consequently, if the above factors
do not combine to provide for the desired pool storage capacity increase, the increase may be
limited.

On a cunparative basis, the PWR pool structures are subjected to lower seismic loadings than the
BWR pool structures because of the position in the building. The PWR pool structure is locaced
at ground level, while the earlier BWR pools are elevated (pool floor is about 15 m above ground
level). This elevation causes an increase in the seismic loadings impose. on the pool and rack
structures because of amplification from the building movement. These increased loadings need
to be accounted for in the BWR design. Later BWR designs have spent fuel storage poolt 1'cated
at ground level .
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1.3.2 Pools with Existing Fuel

Many operating plants have spent fuel already stored in their spent fuel pools. The replacenent
of existing racks with new racks means the movement of fuel from the old racks to new racks.

Since the fuel nust remain under water for shielding and cooling, the task of replacing old
racks must be accomplished entirely under water. In addition, the movement of fuel fra old to
new racks causes a problem in maintaining the structural integrity o/ the racks during the rack
installation process. It is necessary that no heavy objects, such as new or old racks, be moved
directly over racks which have fuel in storage.

The nethod proposed to accomplish the replacenent generally has the following features:

All stored fuel is moved to racks on one side of the pool;a.

b. Empty racks on the otherside of pool are renoved and decontaminated;

Old racks with fuel are temporarily restrained for seismic integrity li required;c.

d. New racks are installed in vacated spaces;

New racks are temporarily restrained for seismic integrity if requirWe.

f. Spent fuel is noved frm old ra;kt to new racks;

g. Remaining old racks are renoved ind decontaminated;

h. Entire new rack systen is structurally tied and supported as necessary.

Sone of the techniques used for perfoming the work under water are:

Remote handling - Underwatse cutting and handling tools are designed specially for the task
or are available connercially. Care must be taken against dropping parts to the bottom of
the pool and the dispersion of metal chips or other contamination from the work process.

Divers - Underwater dive , can be used in areas where the radiation level is low and when
it is very difficult to perfom the work by renote handling equipment.

If a small amount af fuel is in storage in the pool, it may be possible to transfer the fuel to
another pool of the utility or to another stor61e facility. In this way, the pool can be drained
for easier installation of new racks.

1.3.3 Availability of Materials for Racks

The materials of construction used in spent fuel storage racks are stainless steel (Type 304),
aluminum, and neu+ absorption naterials.

A typical stainless steel rack installation for a PWR will be using fran 300,000 to 500,000
pounds of stainless steel. Issuming that over the next 10 years 150 plants refit their spent
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fuel pools with high density racks, a total of 22,000 to 37,000 tons, or about 2,200 to 3,700
tons per year, of stainless steel will be required. This is about 0.15 to 0.25% of the current
total yearly production in the United States and should have a small impact upon the total
supply.

Assuming that, in addition, about 50 plants (BWR) will use aluminum racks amounting to about
150,000 to 300,000 pounds of aluminum per plant or a total of 3,750 to 7,500 tons of aluminum
over a 10-year period, the yearly use of aluminum would be about 375 to 750 tons per year. The
currect total fabricated aluminum production in the United States is about 4 million tons per
y2ar. Again the aluminun use for fuel racks would be insignificant.

If it is assumed that about 50 of the total pool expansions (in the next 10 years) will use a
neutron absorbing material as an integral part of the rack construction, an estimate can be made
of the production requirentnts. The two materials most comnonly considered for neutron absorbing
materials are Boral plate and baron stainless steel plate.

Boral plate is a sole source product of the Brooks Perkins Corp. of C Jillac Michigan. The
neutron absorbing matt !al is boron carbide (B C) which is disperseu in alu iinum. The material4
is clad with aluminum on both sides as well as exposed edges. Boral plate a available in
nominal 1/4" and 1/8" thickness. The production capability of Boral plate in the United States
has not been reported in any known documentation. The raanufacturer, however, is capable of

producing 2 million square feet a year or more if necessary.

Baron contained in stainless steel is another neutron absorbing material that is used in rack
design. This material is produced nainly in the United States by the Carpenter Technology Corp.
in Reading, Pennsylvania. It is presently produced with a ::ominal 1% boron content and in
noninal 1/8" thickness. The production capability of boron stainless steel has not been reported
in any known documentation.

Other neutron absorbing materials include boron carbide (B C), and cadmium. The tubes of boron4

carbide are used in sone current rack designs and also as a control material in BWR reactors.
The source of baron carbide usec in Boral is capable of meeting the demand and baron carbide is
not in limited supply. Cadnium has not been developed as a neutron absorbing material for spat
fuel storage racks.

1.3.4 Pool Cooling

This subject is discussed in several previous sections. The original pool cooling systems have
considerable margin which can be used to acconnodate additional fuel loading without an increase
in cooling capacity. Pool temperature is not a safety consideration with respect to protection
of the stored fuel but is a matter of concern relative to pool clarity and hum.dity in the
refueling area. Calculations are made assuming all the maximun conditions are occurring at the
same time plus additional margins to assure that the maximum pool temperatures are not underpre-
dicted. Pool temperature is a transient condition because even with a full core discharge, the
heat generation rate decreases rapidly with time. As a result, the maximum pool tenperatures
are realized only for a short period of time measurable in days. These considerations lead to
two meens of acconnodating existing pool cooling systens even if higher than n^ mal pool tempera-
tures are indicated: (a) place a restriction on fuel movement when a specifieJ fuel pool tempera-
ture is reached and (b) provide additional intarconnections with other plant cooling systems,
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such as the shutdown systs, the component cooling system, we reactor building cooling water
system, or the turbine condenser

Adtitional pool cooling capacity can be provided in some car if needed; however, backfitting
additional capacity is difficu' t.

1.3.5 Allowable ()nstruction Practices

There are limitations an how new storage racks may be installed. These limitations reprerent
industry acceptu practices in response to Safety Guide 13. Considerable effort is expended
during construction to ensure that the fuel pool storage systen is leaktight and will stay that
way. When the pool is completed and checked out, there is a reluctance to make any changes that
might cause leaks in the liner. These considerations lead to the folle.ing practical limitations:

a. No attachrents can be made to the pool liner that were not built as embedments into the
concrete and sealed to the liner during the original construction. This is true of both
floor and wall mountings. Also, no nodifications can be made to existing embedments for
added strength. Because of this limitation, only compressive loads can be applied to the
pool walls or floors by devices resting against the liner but not attached to the liner.

b. Horizontal supports to the walls of the pooi must accommodate thermal expansion as well as
provide seismic restraint.

c. Both floor mountings and wall supports may be required.

Other practices include the following:

a. No movement of racks or heavy objects over stored fuel,

b. Eva?;ation of seismit pool wall movements that must be accanmodated by the fuel storage
rack design.

c. Seismic restraint of old racks with stored fuel during installation of new racks.

d. Seismic restraint of new racks during installation.

Decontamination of old racks as required following removal from the pools.c.

1.4 COMPACT STORAGE EXAMPLES--REACTOR PLANTS

The following fa- examples show how spent fuel storage capacity has been increased for typical
power plants in operation or under construction. Plants now in the early phases of design are
not covered since utilities, acting with foresight, can design larger storage pools as required
to meet future storage requirements, thereby making rack retrofit unnecessary.

To examine the several unique features of various rack designs and the special considerations
required for each type of plant, representative examples of both BWR and PWR plants have been
chosen for study. In each case, where a means of increasing storage capacity is described, the
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approach chosen is not intended to be unique in tems of detailed nethods. It is recognized
that each utility may choose variations in the approach selected, including dif ferent rack*

designs, use of disle space, seismic bracing, and hold-down bolting. Therefore, the selection
of these typical cases is fcr illustrative purposes only. 'he actual modification for a par-

ticular plant may vary cons <deribly from these exa.nples.

The following plants are Ssed as representative examples in the following discussion:

CASE PLANT NAME TYPE CURRENT PLANT STATUS

A Zion, Units 1 and 2 PWR Operational

B Mor.ticello BWR Operational

C Beaver Valley, Unit 1 PWR Operational

D WPPSS Nuclear Project 2 BWR Cons truction

CASE A: EXAMPLE OF INCREASE IN SPENT FUEL STORAGE CAPACITY IN AN OPERATING PWR PLANT

Plant Type: PWR One spent fuel pool for two units
NSSS Supplier: Westinghouse
Plant Capacity: 1040 MWe per reactor
Spent Fuel Pool Capacity as Designed: 340 spaces for 2 units
Number of Fuel Assemblies in Core: 193 per reactor
Original Spacing of Rocks: 53 c, on centers

Figure D.1 shows the spent fuel pool layout as originally designed. The pool is 20 m long x
10 m wide x 12 m deep. As shown, tt'e pool contains 12 racks holding 25 assemblies each and 4
smaller racks holding 10 assemblies each. Each rack is free standing, t 49 supported solely by
its bolting to t5e pool floor. The pool is completely lined with stainless steel that has been
tested during construction for leak tightness. The pool is provided with additional spaces and
bolts for 4 additional racks of the 25-assembly type. There is also space for the insertinn of
a spent fuel shipping casi in one corner of the pool. The cask area is enclosed with two wall
dividers that prevent the cask fron falling on the fuel racks should the cask drop or start to
tip.

In the refueling g racess, fuel is rmoved from the reactor and brought into the storage pool,
all under water. The fuel is moved to the storage racks from the receiving area by the use of
an overhead bridge crane that can move over all the racks of the pool. At all times durino the
fuel movement a water levci of at least nine feet above the top of the fuel assembly is maintained
in order to provide shielding for the operators working around the pool area.

Figure D.? shows the same pool as above but with increased storage capacity. The 12 racks that
each fonnerl, held 25 assemblies were replaced with new racks holding 49 assemblies.' The 4
racks that each held 10 assembl'es were replaced with new racks holding 21 assemblies. In
addition, the spm eserved for future racks was filled with 4 racks of the 49-assembly type.
The replacement of existing racks with new racks expanded pool storage capacity from 340 to 868
spaces. This compaction was accomplished with spent fuel present in the pool.

Figure D.3 shows a detail of the new rack design. The new design provides a " neutron flux trap"
by the use of nominal 1/8"-thick stai'less steel square tubes for each fuel space. The fast
neutrons are allowed to pass through the tainless steel, but are moderated (slowed down) by the
water between tubes. The slower neutrons are then more easily absorted by the stainless steel

ry : n n 5
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of the adjacent tube. The new rack uses the same hold-down bolting as the old racks. Structu ral
calculations have shown that the bolting is adequate for the seismic conditions of the plant.

The k,7f has been calculated to be less than 0.95 under " worst case" conditions of tolerances,
fuel position, end enrichnent.

~ additional increase in storage capacity at the Zion reactor is now pending license review by
e NRC. This additional compaction would expand the fuel storage capacity to 2112 spaces.

CASE B: EXAMPLE OF INCREASE IN SPENT FUEL STORAGE CAPACITY IN AN OPERATING BWR PLANT

Type of Plant: BWR (Mark I Containment)
NSSS Supplier: General Electric
Plant Capacity: 545 fiWe
Spent Fuel Capacity as Designed: 740 spaces
Number of Fuel Assemblies in Core: 484
Original Spacing of Racks: Nominal 30 cn

The spent f"el storage pool as originally designed is Govn in Figure D.4. The pool initially

contained 37 spent fuel racks for BWR fuel, with each rack providing storage space for up to 20
assemblies, or 740 spaces total. This is equivalent ' approxinately 150% of a full core load.
In addition to providing storage racks for spent fuel, the pool contained racks for 130 control
rods, storane of defective fuel, a work table, and space for storage of shipping casks (not
shown). The storage pool is 12 m long by 8 m wide by 11.6 m deep.

The NRC has approved an increase in spent fuel st0 rage capacity for Monticello to 2237 BWR
assemblies. The increase in stora,e capacity is being accomplished through the use of storage
racks containing Boral, a neutron-absorbing material. Each storage rack is capable of storing
169 assemblies in a 13 x 13 array. There are presently four of these racks installed. A total
of 13 racks are planned. In addition to the storage jace provided by these rc-ks, there is
room for the stortje of 10 more assemblies, resulting in the total of 2237 spaces.

Criticality studies for the new rack arrangement were required in order to determine that the
proposed design neets subtriticality requirements. A structural anc seMnic analysis demon-
strated that the new rack design was capable of meeting all the necessary seismic and structural
requi renents.

CASE C: EXAMPLE OF INCREASE IN SPENT FUEL STORAGE CAPACITY IN AN OPERATING PWR PLANT (before

any fuel has been placed in the storage pool)

Plant Type: PWR 1 spent fuel pool for 2 units
NSSS Supplier: Westinghouse

Plant Capacity: 852 MWe

Spent Fuel Pool Capacity as Designed: 272 spaces for 2 units
Number of Fuel Assemblies in Core: 157
Original Spacing of Racks: 53 cn on centers
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The spent fuel pool under study in Case C is a conventional, stainless-steel-lined, concrete
structure providing space for the spent fuel storage racks, shipping cask, the new fuel ele-
vator, and fuel transfer and upending equipment. The pool is divided into three areas: the
fuel transfer mechanism area, the spent fuel storage area, and thE spent fuel Cask laydown area.

The spent fuel rack originally designed was a free-standing, stainless-:tcel structure providing
the st ; rage space for 272 spent fuel assemblies. This is equivalent to approximately 1-2/3
cores with space for 11 spare assemblies. The spent fuel assemblies were to be placed in vertical
cells within the rack, continuously grouped in parallel rows at approxinately 53 cm centers in
both directions. The spacing between assemblies was designed to prevent criticality, and the
racks were arranged in such a way as to ensure that the spacing between fuel elements would not
be less than that prescribed.

Pool storage capacity was increased fran the 272 spaces to the present 833 spaces by using a
" neutron flux trap" rack constructed of stainless steel. This conpaction was completed shortly
af ter the reactor began operation and before any spent fuel was stored in it. These racks were

designed to meet the applicable seismic and criticality requirements.

' 3E D: EXAMPLE OF INCREASE IN SPENT FUEL STORAGE CAPACITY IN A BWR PLANT UNDER

CON' RUCTION

Type of Plant: BWR (Mark II Containnent)
NSSS Supplier: General Electric
Plant Capacity: 1,103 MWe
Spent Fuel Capacity as Designed: 1,020 spaces
Number of Fuel Assemblies in Core: 764
Original Spacing of Racks: 61 cm on centers

Figure D.5 shows the spent fuel pool layout as originally designed. The storage pool was to
provide storage space fer 1,020 fuel assemblies. which is approximately equivalent to 130% of a
full core load. Originally, the racks were to be of aluminum construction and modular design,
with each rack assembly (two nodules) providing storage space for up to 20 fuel assemblies.
Single rack modules with space for 10 fuel assemblies were also to be used. All racks would
have had common mounting dinensions to facilitate rack rearrangerent; or placement, ensuring
optimum pool space utilization. Individual raa assemblies were to be supported and retained in
place using swing bolts and a bean framework structure designed to transfer loading to the pool
floor and wall surfaces.

As originally designed, the spent fuel pool contained additional storage space for control rods,
defective fuel, and guide tube racks as shown in the figure. Space was also provided in one
corner of the pool for storage of a spent fuel shipping cask. Wall dividers were to be used to
separate the shipping cask from the spent fuel racks to prevent accidental damage to the latter
should the cask be dropped or tipped.

S

Spent fuel storage has been increased to 2658 spaces using high-density storage racks containing
neutron-6bsorbing material. The new racks are constructed of stainless steel encasing boron
carbide plates. These new racks are designed to maint in k within acceptable limits. The

eff

design and eventual installation of the racks must satisfy all seismigrg{
D-19
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2.0 INCREASING FUEL STORAGE CAPACITY AT REPROCESSING PLANTS

2.1 METHODS OF INCREASING FUEL STORAGE CAPACITgr._S_

Increased fuel storage capacity at reprocessing plants can be achieved by methods similar to
those described above in Section 1.0 of this appendix:

1. Fill unused pool area with existing type racks.

2. Replace nonfuel racks (such as for high level waste canisters) with racks which can accept
fu el ,

3. Replace existing racks with racks of closer spacing. This option can be further divided
into:

a. Spaced closer if unnecessary margin fron critical existed in original design.
b. Spaced closer by use of neutron absorber materials in the rack construction.

4. Increase the size of the pool,

5. Two-tier stacking of fuel racks,

6. Fill unused pool space with new racks having closer spacing,

7. Any combination of the above.

2.2 EXAMPLE OF INCREASING FUEL STORAGE CAPACITY AT A REPROCESSING PLANT

The licensed expansion of the storage capacity at the GE Morris facility in 1975 is described
below as an example of increasing fuel storage capability at a reprocessing plant. The descrip-
tion is based on the Safety Evaluation Report, prepared by the NRC Division of fuel Cycle and
Material Safety related to the license amendment for the GE Morris fuel storage facility.
rigurt D.6 shows a layout of the GE Morris fuel storage facility. Truck or rail casks can be
received.

A storage basin originally intended for the storage of sealed containers of solidified high-level
waste is connected to the fuel storage basin. This storage basin also can be used for additional
storage of spent fuel .

The license modifications to the facility increased the storage capacity from approximately
100 MT to 750 MT of spent fuel based on the addition of new baskets and racks (GE uses the tem
" baskets," which corresponds to the tem " canisters" used by NFS and AGh5). The modified storage

system utilizes unifomly spaced baskets consisting of vertical sections of stainless teel pipe
in a close-packed square array. The baskets are 26,25 inches square. Baskets for the storage
of spent BWR fuel bundles consist of nine 8-inch, Schedule 10 stainless steel pipes, while those
for spent PWR ftel bundles consist of four 12-inch, Schedule 5 stainless steel pipes. The pipes
are attached fimly together at the top and the botton and supported by a substructure, forming
an independently movable unit. The outs |de substructure dimensions of the PWR and BWR baskets
are identical and fit interchangeably in the racks provided for support. The racks, or grids,

D-21
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are installed on the pool floor on 69 cm square spacing. The storage baskets incorporate can-
activated latches which lock the basket into the supporting rack.

The increased storage capacity necessitated changes to existing systems for handling the in-
creased heat load and the increased radioactive contamination of the pool water.

The storage faJlity originally had independent cooling systems serving the fuel storage basin
and the waste storage basin. The fuel storage basin uoling system is divided into a primary

6system and a backup system, each with a heat removal capacity of 7.5 x 10 Btu /hr. To help
maintain water clarity, all carbon steel piping exposed to the pool water and tr.e carbon steel
htet exchanger in the primary cooling system was replaced with stainless steel. Since the
backup system will not nomally be used, the carbon steel heat exchanger will not be replaced.

The maximum heat load for both basins filled with the projected spent fuels is approximately
66.5 x 10 Btu /hr. Thus, the primary and backup systems each have adequate capacity to dissipate the

maximum projected heat load. In the unlikely event that both cooling systens become inoperatF-
it would be approximately three days before the pool would boil. Makeup water is available for
adding to the pool during this period from either of the two wells onsite or from the ruarty
Kankakee River. Routine inspections and continuous monitoring are conducted to detect any basin
leaks.

The original water cleanup systen consists of a 950-liters-per-minute pump which delivered water
from the skinners or vaceum hoses through a Powdex filter and back to the basin. Sludge from
the filter collected in a small tank and ultimately transferred to the low-activity waste vault,
a 2.3 million-liter underground carbon steel tank. To increase the cleanup capacity of the
system and serve as a backup to the existing filter during abnomal operating conditions, a new
lon exchange demineralizer, using mixed bed cation-anion resin, was installed downstream of the
existing filter. Spent resins are discharged to the low-activity waste vault.

The ventilation system has 5een maintained as originally installed. Fresh air supplied to the
cask decontamination area and the basin area flows through the separations plant " canyon" and
the process cells into an exhaust duct, through a sand filter, and is discharged through a
300-foot stack to the atmosphere. Canopy hoods for placement over possible leaking fuel ele-
ments in storage also vent to the canyon.

Liquid and slurry wastes generated by the fuel storage operation consist largely of cask coolant
decontamination solutions, ion exchange resins, and filter media from the pool water cleanup
systems. They are transferred to the low-activity waste vault. The low level solid wastes
generated in cask decontamination, laboratory operations, and other work at the site are pack-
aged in drums and shipped to a commercial waste burial site. The replaced baskets and hold-down
grids will be decontaminated, disassembled, and sent to the burial site.

The management of these wastes is consistent with the plans developed, reviewed, and approved
for operation of the spent fuel recovery facility. By comparison, the quantity of wastes pro-
duced by the expanded ? pent fuel storage operation will be small. Disposal of low level wastes
is the subject of ongoing study by the NRC.

bMD
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It was initially recognized that a tasket drop could occur just inside the fuel storage pool in
such a way that the basket might tip into the unloading pit, spilling all elemnts out of the
basket and allowing them to fall in a critical configuration at the botton of the unloading pit.
To alleviate this potential accident, a structure was designed to restrair, the basket from
tipping into the unloading pit. The restraining nechanism is a frane located in front of the
gate between the storage pool and unloading pit and attached to the wall of the unloading pit.

The basin facilities have been designed to resist seismic phenomena under maximum earthquake
conditions and the new storage-basket-grid complex has undergone rigorous seismic shock testing
to demonstrate its reliability under earthquake conditions.

It was assumed that a tornado-generated missile has the potential of striking as many as 6 BWR
or 4 PWR spent fuel assemblies and that the rods in these assenblies would fail. These could
result in the calculated release from the plenuns of about 6,500 C1 of Kr 0.009 Ci of 129 ,85 g

131and 0.246 Ci of 1 (30% and 105 of the noble gas and iodine inventories, respectively). With-
out taking credit for dissolution of the iodine in the pool water, this could result in a whole
body exposure of less than two mrem and a thyroid exposure of 61 mren to an individual residing
at the site boundary. These exposures are factors of 8 x 10-5 and 2 x 10~4. respectively, loer
than tha accident exposure guidelines in 10 CFR Part 100.

Although a criticality incident in the spent fuel storage pool is very unlikely, the conse-
quences which would result should one occur have been evaluated; it was assumed that a criti-
cality excursion involving four PWR fuel elements (about 1.6 metric tons of uranium) occurred as

I9a result of the impact of a tornado-generated missile. The evaluation assumed a total of 10
fissions per metric ton of uranium and that all the fuel rods became defective and released
noble gases and todines during a guideline exposure tine of two hours. The escape-rate coefft-
cients for noble gases and iodines were taken to be 6.5 x 10-8/sec and 1.3 x 10'0/sec, respec-
tively.3 Fission yields were calculated with the ORIGEN code. No credit was taken for the
dissolution of the iodines in the pool water. The site boundary exposures were calculated to be
0.2 mrem to the whole body and 3 mrem to the thyroid. These exposures are factors of 8 x 10~0
and I x 10-5 respectively, lower than accident exposure guidelines in 10 CFR Part 100.
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APPENDIX E.

SPENT FUEL TRANSSHIPMENT

The general approach used to assess spent fuel transshipment as an alternative method of spent
fuel storage is presented ir. Section 3.2 of Volume 1. This appendix provides the detailed

results of the analysis of effects of transshipment on away-from-reactor spent fuel storage
requirements for two growth rates of nuclear generating capacity. A detailed discussion on the
spent fuel generation for these two rates of growth is given in Appendix F.

One way to minimize the away-from-rea-tor ( AFR) storage re;uirenents for spent fuel up to the
year 2000 is to allow transshipment between operating reactors. Transshipment would allow
plants whose spent fuel storage pools were filled to ship spent fuel to newer plants with unfilled
storage capacity. Two cases were considered in this document; transshipment within a utility
systen (intrautility case) and transshipment between any two reactors in the country regardless
of ownership (unlimited transshipment case). The spent fuel storage requirenents in a given
year for the latter case are obtained by adding all the available at-reactor (AR) storage and
subtracting from this total the amount of spent fuel requiring storage. A negative value means
that AFR storage is required. The complete transshipment results are given in Section 3.2 of
Volume 1 and are not repeated here. Transfer of spent fuel between separate storage pools at a
given reactor site is assuned to take place as required.

Tables E.1 (230 GWe) and E.2 (280 GWe) sunmarize the results for the intrautility transshipment
case. These tables list which utilities will run out of spent fuel storage space in a given
year. As discussed in detail in Appendix F, it is possible for a r4 .lity to appear on the list
in a given year (i.e., run out of spent fuel storage), drop off t list when a new reactor in
this utility starts up (making nore storage space available for f spent fuel backlog), and
then reappear on the list when the utility again runs out of sto je space. If this occurs, the
spent fuel will show as a need for AFR storage in the year it first loses space. However, the
backlog of spent fuel is assumed to be returned to the utility as soon as the new reactor is
available to receive spent fuel.

Shipping cask requirements were developed for shipment of spent fuel to an independent spent
fuel storage installation (ISFSI) as a bounding case. The other two cases considered in this
document (intr 6 utility transshipment and unlimited transshipment) would have smaller shipping
cask requirements since much of the spent fuel would be shipped a shorter distance (about 150
miles) to another reactor site. The nine assunptions used in detemining cask requirements were:

(1) The shipping distance from a reactor to an ISFSI is assumed to be 1000 miles;

(2) All shipments are made by truck;
Q: o nv D W 3 d, j.
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Table E.1. Away-from-Reactor Spent Fuel Storage Requirements (in MTHM) by Owner for 230 GWe Capacity in the Year 2000

With Full Core Peserve Without Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe utility Discha rges Availableb gwe

1979 19797

Southern California Edison 23 -23 436

Total 23 -23 436 Total - - -

1980 1980

Total - - - Total - - -

1981 1981

Total - - - Total - - -

1982 1932

Florida Power & Light 79 -36 2,188

Total 79 -36 2,188 Total - - -

1983 1983

Baltimore Gas & Electric 65 -1 1,690
Carolina Power & Light 74 -21 2,342
Florida Power & Light 79 -116 2,188
Jersey Central Power & Light 28 -16 650
Maine Yankee Atomic Power 32 -26 790
Omaha Public Power D' strict 20 -12 457

Total 293 -191 8,117 Total - - -

1934 1984

Baltinore Gas & Electric 65 -65 i,690 Florida Power & Light 79 -27 2,188
Carolina Power & Light 79 -101 2,342
Florida Power & Light 79 -195 2,188
Georgia Power 50 -13 1,539

g ,= Jersey Central Power & Light 23 -44 650
Maine Yankee Atomic Power 32 -58 790
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Table E.1. Continued

_

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Utility Discharges Availablea MWe utility Discharges Availableb gwe

1984 (Continued) 1984 (Continued)
Omaha Public Power District 20 -32 457
Sacramento Mun. Util. District 27 -15 918

Total 381 -523 IJ,574 Total 79 -27 2,188

1985 1985

Baltimore Gas & Electric 65 -130 1,690 Baltimore Gas & Electric 65 -32 1,690
*

Carolina Power & Light 79 -180 2,342
Georgia Power 50 -63 1,539
Jersey Central Power & Light 28 -72 650
Maine Yankee Atomic Power 32 -90 790
Northeast Nuclear Energy 61 -49 1,490
Northern States Power 60 -25 1,605m

de Omaha Public Power District 20 -52 457
Portland General Electric 29 -3 1,130
Sacramento Mun. Util. District 27 -42 918

Total 452 -70c 12,611 Total 65 -32 1,690

1986 1986

Baltimore Gas & Electric 65 -195 1,690 Baltimore Gas & Electric 65 -97 1,690
Boston Edison 29 0 655 Carolina Power & Light 79 -77 2.342(O Carolina Power & Light 79 -260 2.342 Georgia Power 56 -7 1,539

7; Georgia Power 56 -119 1,539 Maine Yankee Atomic Power 32 -25 790
('s Jersey Central Power & i.ight 28 -100 650 Omaha Public Power Dis *.rict 20 -12 457

Maine Yankee Atomic Power 32 -123 790
Metropolitan Edison 53 -32 ,725U Northeast Nuclear Energy 61 -110 i,490N Northern States Power 60 -85 1,605
Omaha Public Power District 20 -72 457
Portland General Electric 29 -32 1,130
Rochester Gas & Ilectric 18 -1 490
Sacramento Mun. Util. District 27 -68 918

Total 557 -1,196 15,481 Total 252 -218 6,818



Table E.1. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
tUtility Discharges Availablea MWe utility Discharges Available, gge

1987 1937

Arkansas Power & Light 53 -37 1,800 Baltimore Gas & Electric 65 -162 1,690
Baltimore Gas & Electric 65 -260 1,690 Georgia Power 56 -63 1,539
Boston Edison 29 -29 655 H11ne Yankee Atomic Power 32 -58 790
Carolina Power & Light 79 -127 2,342 Onaha Public Power District 2G -32 457

. Florida Power & Light 79 -42 2,188 Sacramento Mun. Util. District 27 -15 918
Georgia Power 56 -175 1,539
Paine Yankee Atomic Power 32 -155 790
Metropolitan Edison 53 -85 1,725
Northeast Nuclear Energy 61 -171 1,490
Northern States Power 60 -145 1,605
Omaha Public Power District 20 -91 457
Portland General Electric 29 -60 1,130

'T Rochester Gas & Electric 18 -19 490
* Sacrarento Mun. Util. District 27 -95 918

Vermont Yankee Nuclear Power 18 -18 514

Total 680 -1,510 19,333 Tctal 200 -330 5,394

1988 1983

Arkansas Power & Light 53 -90 1,800 Arkansas Power 5 Light 53 -10 1,800
Baltimore Gas & Electric 65 -324 1,690 Baltimore Gas & Electric 65 -227 1,693
Boston Edison 29 -58 655 Georgia Power 56 -119 1,539
Carolina Power & Light 79 -206 2,342 Paine Yankee Atomic Power 32 -90 790
Florida Power & Light 1 04 -145 3,030 Northeast Nuclear Erergy 61 -19 1,490
Georgia Power 56 -231 1,539 Northern States Power 60 -54 1,605
Maine Yankee Atomic Power 32 -188 790 Omaha Public Power D rstrict 20 -51 457
Metropolitan Edison 53 -1 38 1,725 Portland General ElectMc 29 -2 1 ,1 30

Northeast Nuclear Energy 61 -233 1,490 Sacramento Man. Util . District 27 -42 91a
Ncrthern States Power 60 -205 1,605
Omaha Public Power District 20 -111 457
Portland General Electric 29 -89 1,130
Power Authority of State of NY 28 -25 821, . ,

W Rochester Gas & Electric 18 -37 490
C' Sacramento Mun. Util. District 27 -122 918
C2 Vermont Yankee Neclear Power 18 -36 514

*

C'^' Total 732 -2,239 20,996 Total 403 615 11,419
e.v
b

-
. . . . .

% \k k k



Table E.1. Continued

With Full Core Reserve Without Full Core Re erve

Annual Storage Anntal Storage
Utility Discharges Availablea MWe Utility Discharges Availableb MWe

1989 1989

Arkansas Power & Light 53 -143 1,800 Arkansas Power & Light 53 -63 1,800
Baltimore Gas & Electric 65 -389 1,690 Baltimore Gas & Electric 65 -292 1,690

Boston Edison 29 -87 655 Carolina Power & Light 79 -33 2,342
Carolina Power & Light 79 -286 2,M2 Florida Power & Light 104 -81 3,030
Florida Power & Light 104 -249 3. F1 Maine tankee Atomic Power 32 -122 790

Georgia Power 56 -27 1,513 Metropolitan Edison 53 -32 1,725

Maine Yankee Atomic Power 32 -220 7AO Northeast Nuclear Energy 61 -80 1,490
Metropolitan Edison 53 -191 1 M5 Ncrthe n States Power 60 -114 1,605
Northeast Nuclear Energy 61 -294 1,430 Omaha Public Power District 20 -11 457

Northern States Power 60 -266 1,605 Portland General Electric 29 -31 1,130
Omaha Public Power District 20 -131 457 Rochester Gas & Electric 18 -1 490

Portland General Electric 29 -118 1.130 Sacramento Mun. Util. District 27 -68 918

Power Authority of State of NY 28 -53 821
Anchester Gas & Electric 18 -55 49^

7 Sacramento Mun. Util. District 27 -148 918
* Toledo Edison 27 -14 906

Vermont Yankee Nuclear Power 18 -55 bi4

Total 759 -2,725 21,902 Total t,01 -933 17,467

1990 1990

Arkansas Power & Light 53 -196 1,800 Arkansas Power & Light 53 -117 1,800

Baltimore Gas & Electric 65 -454 1,690 Baltimore Gas & Electric 65 -356 1,690

CD Boston Edison 29 -116 655 Boston Edison 29 0 655

C Carolina Power & Light 97 -100 3,257 Florida Power & Light 104 -184 3,030

C.; Consolidated Edison 58 -37 1,746 Maine Yankee Atomic Power 32 -155 790

Florida Power & Light 1 04 -352 3,030 Metropolitan Edison 53 -85 1,725~

Maine Yankee Atomic Power 32 -252 790 Noi hern States Power 60 -175 1,605

[|7,
'

.,
Metropolitan Edison 53 -244 1,725 Omaha Public Power District 20 -91 457

,

4- Nebraska Public Power District 27 -11 778 Portland General Electric 29 -60 1,130

Nerthern States Power 60 -326 1,605 Rochester Gas & Electric 18 -18 490

Omaha Public Power District 20 -151 457 Sacramento Mun. Util. District 27 -95 918

Portland General Electric 29 -147 1,130
Power Authority of State of NY 28 -81 821

Rochester Gas & Electric 18 -73 490
Sacramento Mun. Util. Dis +rict 27 -175 918
Toledo Edison 27 -41 906
Vermont Yankee Nuclear Power 18 -73 514

Total 744 -2,829 22.312 Total 489 -1,336 14,290



Table E.1. Continued

With full Core Reserve
_

Without Full Core Reserve

Annual Storage Annual Stora ge
Utility Dischargcs Available MWe Utility Discharges Availableb MWea

1991 1991

Arkansas Power & Light 51 -249 1,80'' Arkansas Power & Light 53 -170 1,800
Baltimore Gas & Electric 65 -519 1,690 Baltimore Gas & Electric 65 -421 1,690
Boston Edison 29 -145 655 Boston Edison 29 -29 655
Consolidated Ediso'n 58 -95 1,746 Florida Power & Light 104 -288 3,030
Consumert Power 88 -32 2,256 Maine Yankee Atomic Power 32 -187 790
Florida Power & Light 104 -456 3,030 Metropolitan Edison 53 -138 1,725
Maine Yankee Atomic Power 32 -285 790 Omaha Public Power District 20 -111 457
Metropolitan Edison 53 -2 1,725 Portland General Electric 29 -89 1,130
Nebraska Public Power District 27 778 Sacramento Man. Util. District 27 -122 918s

Northeast Nucia r Energy 61 -59 1,490 Vermont Yankee Nuclear Power 18 -18 514
Northern States Fower 60 -125 1,605
Omaha Public Power District 20 -171 457
Pacific Gas & Electric 66 -9 2,255
Portland General Electric 29 -176 1,130m

4 Power Authority of State of NY 28 -109 821
Sacramento Mun. Util. District 27 -201 918
Toledo Edison 27 -67 906
Ver cont Yankee Neclear Power 18 -92 514

Total 845 -3,125 24,566 Total 429 -1,572 12,709

1992 1992

Arkansas Power & Light 53 -302 1,800 Arkaisas Power & Light 53 -223 1,800
Baltimore Gas & Electric 65 -584 1,690 Balt more Gas & Electric 65 -486 1,690
Boston Edison 29 -174 655 Bostin Edison 29 -58 655
Cincinnati Gas & Electric 84 -l 810 Flor da Power & Light 112 -399 3,030
Commonwealth Edison 394 -95 11,882 Main. Yankee Atomic Power 32 -220 790
Conn. Yankee Atomic Power 23 -2 575 r'etrc politan Edison 53 -191 1,725
Consolidated Edison 58 -153 1,746 Or.sha Public Power District 20 -131 457
Consumers Power 88 -120 2,256 Port.and General Electric 29 -117 1,130
Florida Power & Light 112 -567 3,030 Po ver Authority of Stat *e of NY 28 -25 821
Jersey Central Power & yht 52 -48 1,720 Sacramento Mun. Util. District 27 -148 918
Maine Yankee Atomic Power 32 -317 790 Vermont Yankee Nuclear Power 18 -36 514

EO Metropolitan Edison 53 -351 1,725
C/ Nebraska Public Power District 27 -66 778
(g Northeast Nuclear Energy 61 -120 1,490

g Northern States Power 60 -186 1,605
Omaha Public Power District 20 -190 457g.

C



Table E.1. Continued

With Full Core R2 serve Without Full Core Reserve

Annual Storage Annual Stora ge
Utility Discharges Availablea MWe Utility Discharges Availableb gwe

1992 (Continued) 1992 (Continued)
Pacific Gas & Electric 66 -76 2,255
Portland General Electric 29 -204 1,130
Power Authority of State of NY 28 -137 821
Sacramento Mun. Util. District 27 -228 918
Southern California Edison 88 -59 2,716.

Vermont Yankee Nuclear Power 18 -110 514

Total 1,468 -4,090 41,363 Total 466 -2,034 13,530

1993 1993

Alabama Power Company 47 -46 1.658 Arkansas Power & Light 53 -276 1,800
Arkansas Power & Light 53 -356 1,800 Baltimore Gas & Electric 65 -551 1,690
Baltimore Gas & Electric 65 -648 1,630 Boston Edison 29 -87 655

7 Boston Edison 29 -203 655 Consolidated Edison 58 -36 1,746
" Cincinnati Gas & Electric 84 -85 810 Consumers Power 101 -32 2,256

Connonwealth Edison 394 -/9 11.382 Florida Power & Light 112 -5:! 3,030'

Conn. Yankee Atomic Power 23 -26 575 Maine Yankee Atomic Power 32 -252 790

Consolidated Edison 58 -210 1,746 Metropolitan Edison 53 -244 1,725
Consumers Power 1 01 -204 2,256 Northern States Power 60 -8 1,605
Dairyland Power 4 -3 50 Omaha Public Power District 20 -150 457

Florida Power & Lkht 112 -679 3,030 Pacific Gas & Electric 92 -46 2,255
Jersey Central Power & Light 52 -100 1,720 Power Authority of State of NY 28 -53 821

Maine Yankee Atomic Power 32 -350 790 Sacramento Mun. Util. District 27 -175 918
C Metropolitan Edison 53 -404 1,725 Southern California Edison 88 -50 2,116

CJ Nebraska Public Power District 27 -93 778 Vermont Yankee Nuclear Power 18 -55 514

Q) Northern States Power 60 -246 1,605
g Omaha Public Power District 20 -210 457

g; Pacific Gas & Electric 92 -133 2,255
Power Authority of Stata of NY 28 -165 821'*

Sacramento Mun. Util. District 21 -254 918
Southern California Edison 88 -147 2,716
Vermont Yankee Nuclear Power 18 -128 514
Virginia Electric & Power 137 -130 5,308

Total 1,604 -4,899 45,759 Total 835 -2,526 22,979



Table E.1. Continued

With Full Core Reserve Without Fuli Core Reserve

Annual Storage Annual Storage
MWe Uti'ity Discharges Availabi.b gweutility Discharges Availablea

._

1904 1994

Alabama Power Company 47 -93 1,658 Alabama Power Company 47 22 1,658
Arkansas Power & Light 53 -409 1,800 Arkansas Power & Light 53 -329 1,800
Baltimore Gas & Electric 65 -713 1,690 Baltimere Gas & Flectric 65 -61. 1,6M
Boston Edison 29 -232 655 Boston Edison 29 -116 E.3

, Cincinnati Gas & Electric 84 -169 810 Consolidated Edison 58 -94 1,746
Commonwealth Edison 394 -473 11,882 Consumers Power 84 -116 ',184
Conn. Yankee Atomic Power 23 -49 575 Florida Power & Light 112 - ,, ,0 30
Consolida o Edison 58 -268 1,746 Maine Yankee Atomic Power 32 -2i *10
Consumers Power 84 -287 2,184 Metropolitan Edison 53 -25. 1,7c5
Dairyland Power 4 -7 50 Nebraska Public Power District 27 -11 778
Florida Power & Light 112 -791 3,030 Northern States Power 32 -90 2,7
Georgia Power 99 -67 3,739 Omaha Public Power District 20 -170 '

Iowa Electric Power & Light 18 -2 538 Sacramento Mun. Util. District 27 -201 91
r,, Jersey Central Power & Light 60 -161 1,720 Southern California Edison oS -138 '.6
m Maine Yankee Atomic Power 32 -382 790 Vermont Yankee Nuclear Power 18 -73 F'4

Metropolitan Edison 53 -457 1 ,725 Virginia Electric & Power 137 -125 5Y
Nebraska Public Power District 27 -121 778
Northern States Power 82 -328 2,755
Omaha Public Power District 20 -230 457
Sacramento Mun. :1. District 27 -281 918
South Carolina Electric & Gas 23 -22 900
Souther n California Edisc- 88 -235 2,716
Vermont Yankee Nuclear Power 18 -147 514
Virginia Electric & Power 137 -266 5,308-

Wisconsin Michigan Electric 36 -36 994

Total 1,674 -6,225 49,932 Total 931 -a,305 28,724

1995 1995

Alabama Power Company 47 -140 1,658 Alabama Power Company 47 -69 1,658
% Arkansas Power & Light 53 -462 1,800 Arkansas Power & Light 53 -382 1,800
W Baltimore Gas & Electric 65 -778 1,690 Baltimore Gas & Electric 65 -680 1,690
b Boston Edison 29 -261 655 Boston Edison 29 -145 655
Cd Cincinnati Gas & Electric 84 -253 810 Cincinnati Gas & Electric 84 -l 810
C Commonwealth Edison 394 -311 11,882 Conn. Yankee Atomic Power 23 -2 575
C,y Conn. Yankee Atomic Power 23 -72 575 Consolidated Edison 58 -152 1,746
g Consolidated Edison 53 -325 1,746 Consumers Power 84 -200 2,184

Consumers Power 84 -371 2.184 Florida Power & Light 112 -734 3,030



Table E.1. Continued

With full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage*

Utility Discharges Available8 MWe litility Discharc ; Availableb gge
--

1995 (Continued) 1995 (Continued)
Dairyland Power 4 -10 50 Jersey Central Power & Light 60 -11 1,720
Florida Power & Light 112 -902 3,030 Maine Yancee Atomic Power 32 -317 790
Georgia Power 99 -166 3,739 Metropolitan Edison 53 -351 1,725
Iowa Electric Power & Light 18 -21 S38 Nebraska Public Power District 27 -39 778
Jersey Central Power & Light 60 -221 1,720 Northern States Power B2 -171 2,755
Maine Yankee Atomic Power 32 -414 790 Omaha Public Power District 20 -190 457
Metropolitan Edison 53 -510 1,725 Sacramento Mun. Util. District 27 -228 918
Nebraska Public Power District 27 -148 778 Southern California Edison 83 -226 2,715
Northern States Power 82 -409 2,755 Vermont Yankee Nuclear Power 18 -92 514
Omaha Public Power District 20 -250 457 Virginia Electric & Power 137 -262 5,308
Sacramento Mun. Util. Disteict 27 -307 918 Wisconsin fiichigan Electric 36 -17 994
South Carolina Electric & Gas 23 -45 900
Southern California Edison 88 -324 2,716m

a Vermont Yankee Nuclear Power ?8 -165 514
Virginia Electric & Power 137 -403 5,308
Wisconsin Michigar. Electric 36 -72 994

Total 1,674 -7,342 49,932 Total 1,13a -4,268 ?_,823

1996 1996

Alabama Power Company 47 -186 1,658 Alabama Power Company 47 -llo 1,658
Arkansas Power & Light 53 -515 1,800 Arkansas Power & Light 53 -435 1,800
Baltimore Gas & Electric 65 -843 1,690 Baltimore Gas & Electric 65 -745 1,690
Cincinnati Gas & Electric 84 -338 810 Cincinnati Gas & Electric 84 -86 S10
Comnionwealth Edison 423 -734 13,062 Conn. Yankee Atomic Power 23 -25 575
Conn. Yankee Atomic Power 23 -96 575 Consolidated Edison 58 -209 1,746

g .g Consolidated Edison 58 -383 1,746 Consumers Power 84 -283 2,184
7 Consumers Power 84 -455 2,184 Florida Power & Light 112 -845 3,030
b Dairyland Power 4 -14 50 Georgia Power 106 -74 3,739
CO Florida Power a Light 112 -1,014 3,030 Jersey Central Power & Light 60 -72 1,720
C Florida Power Corporation 27 -9 825 tiaine Yankee Atomic Power 32 -349 790

(J Georgia Power 106 -273 3,739 Metropolitan Edison 53 -404 1,725

Q Iowa Electric Power & Light 18 -39 538 Nebraska Public Power District 27 -66 778*

Jersey Central Pow.? & Light 60 -291 1,720 Northern States Power 82 -253 2,755
Louisiana Power & Light 31 -29 1,267 Omaha Public Power District 20 -210 457
Faine Yankee Atomic Power 32 -447 790 Sacramento Mun. Util. District 27 -254 918
Metropolitan Edison 53 -563 1,725 Southern California Edison 88 -314 2,716
Nrbraska Public Power District 27 -176 778 Vermont Yankee Nuclear Power 18 -110 514



Table E.1. Continued

With Full Core Reserve Withnut Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharges Availableb yye

199_6 (Continued) 1995 (Continued)
% thern States Power 82 -491 2,7ES Virginia Electric & Power 137 -399 5,308
t%dha Public Power District 20 -270 457 Wisconsin Michigan Electric 36 -53 994
Rochester Gas & Electric 38 -1 1,640
Sacramento Mun. Util. Distcict 27 -334 918
South Carolina Electric & Gas 23 -69 900
Southern California Edison 88 -4!2 2,716
Vermont Yankee Nuclear Power 18 -184 514
Virginia Electric & Power 137 -540 5,308
Wisconsin Michigan Electric 36 -108 994

Total 1,776 -8,802 54,189 Total 1,212 -s.303 35,907

1997 1997m

h Alabama Power Company 47 -233 1,658 Alabama Power Company 47 -162 1,658
Aekansas Power & Light 53 -568 1,800 Arkansas Power & Light 53 -488 1,830
Baltimore Cas & Electric 65 -908 1,690 Baltimore Gas & Electric 65 -810 1,690
Boston Edison 29 -26 655 Cincinnati Gas & Electric 84 -170 810
Cincinnati Gas & Electric 84 -422 810 Commonwealth Edison 423 -308 13,062
Commonwealth Edi.,on 423 -1,157 13,062 Conn. Yankee Atomic Power 23 -49 575
Conn Yankee Atomic Power 23 -119 575 Consolidated Edison 58 -267 1,746
Consolidated Edison 58 -441 1,746 Consumers Power 84 -367 2,184
Consumers Power 84 -539 2,184 Dairyland Power 4 -3 50
Dairyland Power 4 -17 50 Florida Power & Light 112 -957 3,030

g Florida Power & Light 112 -1,125 3,030 Georgia Power 114 -138 3,739

7 Florida Power Corporation 27 -36 825 Jersey Central Power & Light 60 -132 1,720

C'<4'
Georgia Power 114 -386 3,739 Maine Yankee Atomic Power 32 -382 790
Iowa Electric Power & Light 18 -58 538 Metropolitan Edison 53 -457 1,725C Jersey Central Power & Light 60 -342 1,720 Nebraska Public Power District 27 -93 778

h Louisiana Power & Light 31 -60 1,267 Northern States Power 82 -335 2,755
C Maine Yankee Atomic Power 32 -479 790 Omaha Public Power District 20 -230 457

Metropolitan Edison . 53 -616 1,725 Sacramento Mun. Util. District 27 -281 918
Nebraska Public Power District 27 -203 778 South Carolina Electric & Cas 23 -22 900
Northern States Power 82 -573 2,755 Southern California Edison 88 -402 2,716
Omaha Public Power District 20 -289 457 Vermont Yankee Nuclear Power 18 -128 514
Power Authority of State of NY 52 -8 2,071 Virginia Electric & Power 137 -536 5.308
Rochester Gas & Electric 38 -39 1,640 Wisconsin Michigan Electric 36 -89 994
Sacramento Mun. Util. District 27 -360 918



Table E.1. Continued

With Full Core Reserve Without Full Core Reserve
Annual Sto rage Annual Storage

Utility Discharges Availablea f1We utility Discharges A tilableb gwe

1997 (Continued) 1997 (Continued)
South Carolina Electric & Gas 23 -92 900
Southern California Edison 88 -500 2,716
Texas Utilities Generating 58 -26 2,300
Vermont Yankee Nuclear Power 18 -202 514
Virginia Electric & Power 137 -677 5,308
Wisconsin Michigan Electric 36 -144 994
Wisconsin Public Service 18 -1 535

Total 1,940 -10,645 59,750 Total 1,670 -6,855 49,919

1998 1998

Alabama Power Company 47 -280 1,658 Alabama Power Company 47 -209 1,658
Arkansas Power & Light 53 -621 1,800 Arkansas Power & Light 53 -531 1,800
Baltimore Gas & Electric 65 -972 1,690 Baltimore Gas & Electric 65 -h B 1,690

7 30ston Edison 29 -55 655 Cincinnati Gas & Electric 84 -N4 810
C Carolina Power & Light 197 -9 7.252 Commonwealth Edison 452 -760 14,242

Cincinnati Gas & Electric 84 -506 810 Conn. Yankee Atomic Power 71 -119 575
Commonwealth Edison 452 -1,610 14,24;- Consolidated Edison 58 -324 1,746
Conn. Yankee Atomic Power 71 -119 575 Consumers Power 84 -451 2,184
Consolidated Edison 58 -498 1,746 Dairyland Power 4 -7 50
Consumers Power 84 -622 2,184 Florida Power & Light 112 -1,069 ?,030
Dairy!and Power 4 -21 50 Georgia Power 114 -301 3.739
Duke Power 346 -126 13,651 Iowa Electric Power & Light 18 -2 538
Duquesne Light 47 -27 1,704 Jersey Central Power & Light 60 -193 1,720
Florida Power & Light 112 -1,237 3,030 Maine Yankee Atomic Power 1? -414 790
Florida Power Corporation 27 -62 825 Metropolitan Edison 53 -510 1,725
Georgia Power 114 -500 3,739 Nebraska Public Power District 27 -121 778
Indiana & Michigan Electric 58 -42 2,154 Northern States Power 89 -424 2,755
Iowa Electric Power & Light 18 -76 538 Omaha Public Power District 20 -249 457
Jersey Central Power & Light 60 -402 1,720 Sacramento f1un. Util. District 27 -307 918
Louisiana Power & Light 31 -90 1,267 South Carolina Electric & Gas 23 -45 900

EO Maine Yankee Atomic Power 32 -512 790 Southern California Edison 135 -538 2,715

C) Metropolitan Edison 53 -669 1,725 Vermont Yankee Nuclear Power 18 -147 514

/*. * Ncbraska Public Power District 27 -230 778 Virginia Electric & Power 137 -672 5,308

[(-!
Northern States Power 89 -6ti2 2,755 Wisconsin Michigan Electric 36 -125 994
Omaha Fublic Power District 20 -309 457

**~f
Power Authority of State o' NY 52 -60 2,071



Table E.1. Continued

_

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharges Availableb MWe

1938 (Continued) 1993 (Continued)
Rochester Gas & Electric 45 -84 1,640
Sacramento Mun. Util. District 27 -387 918
South Carolina Electric & Gas 23 -116 900
Southern California Edison 135 -635 2,716
Texas Utilities Genera :ng 58 -83 2,300
Vermont Yankee Nuclear Power 18 -220 514
Virginia Electric & Power 137 -814 5,308
Wisconsin Michigan Electric 36 -180 994
Wisconsin Public Service 18 -18 535

Total 2,725 -12,857 85,691 Total 1,819 -8,658 51,687

1999 199_9

Alabama Power Company 47 -327 1,658 Alabama Power Company 47 -256 1,658
m
2 Arkansas Power & Light 53 -674 1,800 Arkansas Powcr & Light 53 -594 1,800

Baltimore Gas & Electric 65 -1,037 1,690 8altimore Gas & Electric 65 -940 1,690"

Boston Edison 53 -108 1,905 Cincinnati Gas & Electric 84 -338 810

Carolina Power & Light 222 -231 8,502 Comonwealth Edison 452 -1,213 14,242
C

Cincinnati Gas & Electric 84 -590 810 Conn. Yankee Atcmic Power O -119 0
58 -382 1,746Comonwealth Edison 452 -2,062 14,242 Consolidateu Edison *

84 -535 2,184Conn. Yankee Atomic Power Oc -119 0 Consumers Power
Consolidated Edisen 58 -556 1,746 Dairyland Power 14 -21 50

Consumers Power 84 -706 2,184 Duke Power 346 -13 13,651

Dairyland Power 14 -21 50 Duquesne Light 47 -4 1,704

Duke Power 340 -473 13,651 Florida Power & Light 112 -1,180 3,030

Duquesne Light 47 -74 1,704 Florida Power Corporation 27 -9 825

Florida Power & Light 112 -1,349 3.030 Georgia Power 114 -415 3,739
Florida Power Corporation 27 -89 825 Iowa Electric Power & Light 18 -21 538

Georgia Power 114 -614 3,739 Jersey Central Power & Light 144 -337 1,720

Indiana & Michigan Electric 58 -99 2,154 Louisiana Power & Light 31 -29 1,267

k3 Iowa Electric Power & Light 18 -94 538 Maine Yankee Atomic Power 32 -446 790

C' Jersey Central Power & Light 144 -435 1,720 Metropolitan Edison 53 -563 1,725

Q Kansas Gas & Electric 29 -27 1,150 Nebraska Public Power District 27 -148 778

g Louisiana Power & Light 31 -121 1,267 Northern States Power 89 -513 2,755
- fiaine Yankee Atomic Power 32 -544 790 Omaha Public Power District 20 -269 457

"-tropolitan Edison 53 -722 1,725 Sacramento riun. Util. District 27 -334 918

7)
.

- 2raska Public Power District 27 -258 778 South Carolina Electric & Gas 23 -68 900



Table E.1. Continued

With Full Core Reserve Without Full Core Reserve
_

Annual Storage Annual Storage
MWe Utilit3 Discharges AvtilablebUtility Discharges Availablea gwe

1999 (Continued) 1999 (Continued)
Niagara Mohawk Power 145 -8 1.690 Southern California Edison 65 -603 2,280
Northern States Power 89 -751 2,755 Texas Utilities Generating 58 -54 2,300
Omaha Public Power District 20 -329 457 Vermont Yankee Neclear Power 18 -165 514
Pennsylvania Power & Light 76 -61 2,104 Virginia Electric & Power 137 -809 5,308
Power Authority of State of fiY 52 -113 2,071 Wisconsin Michigan Electric 36 -161 994
Rochester Gas & Electric 45 -128 1,640
Sacramento Mun. Util. District 27 -414 918
South Carolina Electric & Gas 23 -139 900
Southern California Edison 65 -673 2,280
Tennessee Valley Authority 568 -181 20,105
Texas Utilities Generating 58 -141 2,300
Vermont Yankee Nuclear Power 18 -239 514
Virginia Electric & Power 137 -945 5,308
Wisconsin Michigan Electric 36 -216 994m

h Wisconsin Public Service 18 -36 535

Total 3,546 -15,704 112,229 Total 2,280 -10,539 70,373

2000 2000

Alabama Power Company * 47 -374 1,658 Alabama Power Company 47 -303 1,658
Arkansas Power & Light 53 -727 1,800 Arkansas Power & Light 53 -648 1,800
Baltimore Gas & Electric 65 -1,102 1,690 Baltimore Gas & Electric 65 -1,004 1,690
Boston Edison 53 -162 1,905 Carolina Power & Light 222 -101 8,502
Carolina Power & Light 222 -452 8,502 Cincinnati Gas & Electric 84 -422 810
Cincinnati Gas & Electric 84 -674 810 Corrraonwealth Edison 452 -1,665 14,242
Commonwealth Edison 452 -2,515 14.242 Conn. Yankee Atomic Power 0 -119 0

e Conn. Yankee Atomic Power 0 -119 0 Consolidated Edison 58 -440 1,746' 'n' Consolidated Edison 58 -613 1.746 Consumers Power 84 -618 2.184DI Consumers Power 84 -790 2,184 Dairyland Power 0 -21 0{-) Dairyland Power 0 -21 0 Duke Power 378 -392 14,901
C Duke Power 373 -851 14,901 Duquesne Light 47 -50 1,704
A Duquesne Light 47 -121 1,704 Florida Power & Light 112 -1,292 3,030
h*~ Florida Power & Light 112 -1,460 3,030 Florida Power Corporation 27 -36 825

Florida Power Corporation 27 -115 825 Georgia Power 114 -528 3,739
Georgia Power 114 -727 3,739 Iowa Electric Power & Light 18 -39 538
Indiana & Michigan Electric 58 -157 2,154 Jersey Central Power & Light 32 -369 1,070
lowa Electric Power & Light 18 -113 538 Louisiana Power & Light 31 -59 1,267



Table E.1. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Anr.ual Storage

Utility Discharges Availablea MWe Utility Discharges Availableb gge

2000 (Continued) 2000 (Continued)

Jersey Central Power & Light 32 -467 1,070 Maine Yankee Atomic Power 32 -479 790

Louisiana Power & Light,
29 -56 1,150 Metropolitar Edison 33 -616 1,725

Kansas Gas & Electric
31 -152 1,267 Nebraska Public Power District 27 -176 778

Maine Yankee Atomic Power 32 -576 790 Northern States Power 89 -601 2,755

Metropolitan Edison 53 -775 1,725 Omaha Public Power District 20 -289 457

Nebraska Public Power District 27 -285 778 Rochester Gas & Electric 81 75 1,640

Niagara Mohawk Power 38 -46 1,080 Sacramento Mun. Util. District 27 -360 918

Northeast Nuclear Energy 149 -80 5,009 South Carolina Electric & Gas 23 -92 900

Northern States Power 89 , -840 2,755 Southern California Edison 65 -667 2,280

Omaha Public Power District 20 -349 457 Texas Utilities Generating 58 -111 2.300

Pennsylvania Power & Light 76 -138 2,104 Vermont Yankee Nuclear Power 18 -184 514

Philadelphia Electric 201 -68 6,760 Virginia Electrir. & Power 137 -946 5,303

Power Authority of State of NY 52 -165 2,071 Wisconsin Michigan Electric 72 -234 994

7 Public Service of Indiana 58 -54 2,260 Wisconsin PuM ic Service 18 0 535

% Rochester Gas & Electric 81 -155 1,64n
Sacramento Mun. Util. District 27 -440 91:

South Carolina Electric & Gas 23 -162 90(

Southern California Edison 65 -738 2,28'i
Tennessee Valley Authority 568 -749 20,10
Texas Utilities Generating 58 -198 2,301
Vermont Yankee Nuclear Power 18 -257 51 i

Virginia Electric & Power 137 -1,082 5,301
Washington PPSS 171 -71 6,10i

Wisconsin Michigan Electric 72 -288 998

Wisconsin Public Service 18 -54 535

Total 3,997 -19,341 132,3C 3 Total 2,543 -12,938 81,600

g aihe negative numbers in this column indicate that away-from-reactor storage in the amount shown will be required if full-core
p reserve is to be maintained.

The negative numbers in this column indicate that all at-reactor spent fuel storage capacity has been used, and away-from-reactorr*r b

h storage in the amount shown_ will be required for continuation of operati^n of the utility's nuclear plants.
M
M 0 discharge means that all of the reactors for that utility cre shut down due to age.c



.

Table E.2. Away-fran-Reactor Spent Fuel Storage Requirements (in MTHM) Ly b ner for 280 GWe Capacity in the Year 2000

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

MWe Utility Discharges Availableb gweUtility Discharges Availablea

1979 1979

Southern California Edison 23 -23 436

Total 23 -23 436 Total - - -

1980 1_980

Total - - - Total - - -

1981 1981

Total - - - Total - - -

,

G; 1982 1982

Florida Power & Light 79 -36 2,188
Total 79 -36 2,188 Total - - -

1983 1983

Baltimore Gas & Electric 65 -1 1,690
Carolina Power & Light 74 -21 2,34 2
Jersey Central Power & Light 28 -16 650
Maine Yankee Atomic Power 32 -26 790
Omaha Public Power District 20 -12 457

Total 219 -76 5,929 Total - - -

1984 1984ga
g[I Baltimore Gas & Electric 65 -65 1,690

Carolina Power & Light 79 -101 2,342
);{i
e

Georgia Power 50 -13 1,539
$w' Jersey Centrai Power & Light 28 -44 650
We Maine Yankee Atomic Power 32 -58 790
,] Omaha Public Power District 20 -32 457

Sacramento Mun. Util. District 27 -15 918

Total 301 -328 8,386 Total - - -



Table E.2. Continued-

With full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharges Availableb Mwe

1985 1985

Baltimore Gas & Electric 65 -130 1,690 Baltimore Gas & Electric 65 -32 1,690
Georgia Power 50 -63 1,539
Maine Yankee Atomic Power 32 -90 790
Northeast Nuclear Energy 61 -49 1,490
Northern States Power 60 -25 1,605
Omaha Public Power District 20 -52 457
Portland General Electric 29 -3 1,130
Sacramento Mun. Util. District 27 -42 918

Total 344 -453 9,619 Total 65 -32 1,690

1986 1986

Baltimore Gas & Electric 65 -195 1,690 Baltimore Gas & Electric 65 -97 1,690
Boston Edison 29 -1 655 Maine Yankee Atomic Power 32 -25 790m

L Carolina Power & Light 79 -48 2,342 Omaha Public Power District 20 -12 457
* Maine Yankee Atomic Power 32 -123 790

Metropolitan Edison 53 -32 1,725
Northeast Nuclear Energy 61 -110 1,490
Northern States Power 60 -85 1,605
Omaha Public Power District 20 -72 457
Portland General Electric 29 -32 1,130
Rochester Gas & Electric 18 -1 490
Sacramento Mun. Util. District 27 -68 918

Total 473 -765 13,292 Total 117 -134 2,937

1987 1987

Arkansas Power & Light 53 -37 1,800 Baltimore Gas & Electric 65 -162 1,690
Baltimore Gas & Electric 65 -260 1,690 Maine Yankee Atomic Power 32 -58 790

Boston Edison 29 -29 655 Omaha Public Power District 20 -32 437

Florida Power & Light 104 -90 3,030 Sacranento Mun. Util. District 27 -15 918

Maine Yankee Atomic Power 32 -155 790
Metropolitan Edison 53 -85 1,725
Northeast Nuclear Energy 61 -171 1,490
Northern States Power 60 -145 1,605

0.0 Omaha Public Power District 20 -91 457
p Portland General Electric 29 -60 1.130

Cu .

C



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Utility Discharges Availablea PMe Utility Discharges Availableb Mwe

1987 (Continued) 1987 IContinued)
Rochester Gas & Electric 18 -19 490
Sacramento Mun. Util. District 27 -95 918
Vermont Yankee Nuclear Power 18 -18 514

Total 569 -1,256 16,294 Total 144 -266 3,855

1988 1988

Arkansas Power & Light 53 -90 1,800 Arkansas Power & Light 53 -10 1,800
Baltimore Gas & Electric 65 -324 1,690 Baltimore Gas & Electric 65 -227 1,690
Boston Edison 29 -58 655 Florida Power & Light 104 -26 3,030
Florida Power & Light 104 -194 3.030 Maine Yankee Atomic Power 32 -90 790
Maine Yankee Atomic Power 32 -188 790 Omaha Public Power District 20 -51 457
Metropolitan Edison 53 -138 1,725 Portland General Electric 29 -2 1,130
Omaha Public Power District 20 -111 457 Sacramento Mun. Util. District 27 -42 918m

'

Portland General Electric 29 -89 1,130-
" Power Authority of State of NY 28 -25 821

Sacramento Mun. Util. District 27 -122 918
Vermont Yankee Nuclear Power 18 -36 514

Total 457 -1375 13,530 Total 329 -448 9,815

1989 1989

Arkansas Power & Light 53 -143 1,800 Arkansas Power & Light 53 -63 1,800
Baltimore Gas & Electric 65 -389 1,690 Baltimore Gas & Electric 65 -292 1,690

(Y Boston Edison 29 -87 655 Florida Power & Light 104 -129 3,030
4

C2 Florida Power & Light 1 04 -297 3.030 Maine Yankee Atomic Power 32 -122 "O
Cd Maine Yankee Atomic Power 32 -220 790 Metropolitan Edison 53 -32 1,725
7- Metropolitan Edison 53 -131 1,725 Omaha Public Power District 20 -71 457
T Northern States Power 60 -5 1,605 Portland General Electric 29 ~1 1,130

Tr, Omaha Public Power District 20 -131 457 Sacramento Mun. Util. District 27 -68 918
Portland General Electric 29 -118 1,130
Power Authority of State of NY 28 -53 821
Sacramento Mun. Util. District 27 -148 918
Vermont Yankee Nuclear Power 18 -55 514

Total 518 -1,838 15 '35 Total 382 -809 11,540



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharge! Availableb ge

1990 1990

Arkansas Power & Light 53 -196 1,800 Arkaniss Power & Light 53 -117 1,800
Baltimore Gas & Electric 65 -454 1,690 Baltimore Gas & Electric 65 -356 1,690
Boston Edison 29 -116 655 Boston Edison 29 -1 655
Consolidated Edison 58 -37 1,746 Florida Power & Light 112 -241 3,030
Florida Power & Light 112 -409 3,030 Maine Yankee Atomic Power 32 -155 790
Maine Yankee Atomic Power 32 -252 790 Metropolitan Edison 53 -85 1,725
Metropolitan Edison 53 -244 1,725 Omaha Public Power District 20 -91 457
Nebraska Public Power District 27 -11 778 Sacramento flun. Util. District 27 -95 918
Northern States Power 60 -65 1,LOS
Omaha Public Power District 20 -151 457
Power Authority of State of NY ?8 -81 821
Sacramento Mun. Util. District 27 -175 918
Vermont Yankee Nuclear Power 18 -73 514

Total 532 -2,265 16,529 Total 390 -1,139 11,065

1991 1991

Arkansas Power & Light 53 -249 1,800 Arkansas Power & Light 53 -170 1,800
Baltimore Gas & Electric 65 -519 1,690 Baltimore Gas & Electric 65 -421 1,690
Boston Edison 29 -145 655 Boston Edison 29 -29 f55
Cincinnati Gas & Electric 84 -1 810 Florida Power & Light 112 -352 3,030
Consolidated Edison 58 -95 1,746 Maine Yankee Atomic Power 32 -lEl 790
Consumers Power 88 -85 2,256 Metropolitan Edison 53 -138 1,725
Florida Power & Light 112 -521 3,030 Onaha Public Power District 20 -111 457
Jersey Central Power & Light 52 -44 1,720 Sacramento Mun. Util. District 27 -122 918
Maine Yankee Atomic Power 32 -285 790 Vermont Yankee NJclear Pcwer 18 -18 514
Metropolitan Edison 53 -297 1,725
Nebraska Public Power District 27 -39 778

k Northern States Power 82 -147 2,755
b Omaha Public Power District 20 -171 457
Cd Power Authority of State of NY 28 -109 821

C) Sacramento Mun. Util. District 27 -201 918

42 Southern California Edison 88 -3 2,716
:p Vermont Yankee Nuclear Power 18 -92 514

Total 916 -3,002 25,181 Total 409 -1,548 11,579



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual S torage Annual Storage b

Utility Discharges Available MWe Utility Discharges Available MWea

1992 1992

Arkansas Power & Light 53 -302 1,800 Arkansas Power & Light 53 -223 1,800
Baltimore Gas & Electric 65 -584 1,690 Baltimore Gas & Electric 65 -486 1,00
Cincinnati Gas & Electric 84 -85 810 Florida Power & Light 112 -464 3,030
Conn. Yankee Atomic Power 23 -2 575 Ma:ne Yankee Atomic Power 32 -220 790
Consolidated Edison 58 -153 1,746 Metropolitan Edison 53 -191 1,725
Consumers Power 88 -173 2,256 Omaha Public Power District 20 -131 457
Florida Power & Light 112 -632 3,030 Power Authority of State of NY 28 -75 821
Jersey Central Power & Light 60 -105 1,720 Sacramento Mun. Util. District 27 -148 918
Maine Yankee Atomic Power 32 - 31 7 790 Vermont Yankee Nuclear Power 18 -36 514
Metropolitan Edison 53 -351 1,725
Nebraska Pub 1'.c Power District 27 -66 778
Northern States Porer 82 -229 2,755
Omaha Public Power District 20 -190 457

7' Power Authority of State cf NY 28 -137 821

G Sacramento Mun. Util. District 27 -228 91 8

Southern California Edison 88 -91 2,716
Vemont Yankee Nuclear Power 18 -110 514
Virginia Electric & Power 137 -52 5,308

Total 1,055 -3,807 30,409 Total 408 -1,923 11,745

1993 1993

Alabama Power Company 47 -46 1,658 Arkansas Power & Light 53 -276 1,800
Arkansas Power & Light 53 -356 1,800 Baltimore Gas & Light 65 -551 1,690
Baltimore Gas & Electric 65 -648 1.690 Consolidated Edison 58 -36 1,746
Cincinnati Gas & Electric 84 -169 810

'

Consumers Power 101 -85 2,256g'''
Conn. Yankee Atomic Power 23 -26 575 Florida Power & Light 112 -576 3,030

C Consolidated Edison 58 -210 1,746 Maine Yankee Atomic Power 32 -252 790

{al Consumers Power 101 -257 2,256 Metropolitan Edison 53 -244 1,725

C Dai yland Power 4 -3 50 Northern States Power 82 -73 2,755

Q Florida Power & Light 112 -744 3.030 Omaha Public Power District 20 -150 457

g Georgia Power 106 -105 3.739 Sacramento Mun. Util. District 27 -175 918
Jersey Central Power & Light 60 -165 1,720 Southern California Edison 88 -82 2.716
Maine Yankee Atomic Power 32 -350 790 Vermont Yankee Nuclear Power 18 -55 514

Metropolitan Edison 53 -404 1,725 Virginia Electric & Power 1 37 -53 5,308



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

MWe Utility Discharges Availableb MWeUtility Discharges Availablea

1993 (Continued) 1993 (Continued)
Nebraska Public Power District 27 -93 778
Northern States Pover 82 -311 2,755
Omaha Public Power District 20 -210 457
Sacramento Mun. Util. District 27 -254 918
South Carolina Electric & Gas 23 -22 900
Southern California Edison 88 -180 2,716
Vermont Yankee Nuclear Power 18 -128 514
Virginia Electric & Power 137 -189 5,308

Total 1,220 -4,869 35,935 Total 845 -2,508 25.705

1994 1994

Alabama Powee Company 47 -93 1,658 Alabama Power Company 47 -22 1,658
7 Arkansas Power & Light 53 -409 1,800 Arkansas Power & Light 53 -329 1,800
El Baltimore Gas & Electric 65 -713 1,690 Baltimore Gas & Electric 65 -616 1,690

Cincinnati Gas & Electric 84 -253 810 Cincinnati Gas & Electric 84 -l 810
Commonwealth Edison 452 -178 14,242 Consolidated Edison 58 -94 1,746
Conn. Yankee Atomic Power 23 -49 575 Consumers Power 84 -169 2,184
Consolidated Zdison 58 -268 1,746 Florida Power & Light 112 -687 3,030
Consumers Power 84 -341 2,184 Georgia Power 114 -20 3,739

*
Dairyland Power 4 -7 50 Jersey Cer. tral Power & Light 60 -16 1,720
Florida Power & Light 112 -855 3,030 fiaine Yankee Atomic Power 32 -284 790
Georgia Power 114 -218 3,739 Metropolitan Edison 53 -297 1,725
lowa Electric Power & Light 18 -2 538 Nebraska Public Power District 27 -11 778
Jersey Central Power & Light 60 -225 1,720 Northern States Power 82 -154 2,755
Louisiana Power & Light 31 -29 1,267 Omaha Public Power District 20 -170 457
Maine Yankte Atomic Power 32 -382 790 Sacramento Mun. Util. District 27 -201 918
Metropolitan Edison 53 -457 1,725 Southern California Edison 88 -170 2,716
Nebraska Public Power District 27 -12; 778 Vermont Yankee Nuclear Power 18 -73 514
Northern States Power 82 -392 2,755 Virginia Electric & Power 137 -190 5,303
Omaha Public Power District 20 -230 457
Sacramento Mun. Util. District 27 -281 918
South Carolina Electric & Gas 23 -45 900
Southern California Edison 88 -268 2,716
Vermont Yankee Nuclear Power 18 -147 514
Virginia Electric & Power 137 -326 5,30E

y, Wiscorsin Michigan Electric 36 -36 994

E' Total 1,748 -6,325 52,904 Total 1,160 -3,506 34,338
C.)
O
c.
O



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageaUtility Discharges Available MWe Utility Discharges Availableb gge

1995 1995
Alabama Power Company 47 -140 1.658 Alabama Power Company 47 -69 1,658
Arkansas Power & Light 53 -462 1,800 Arkansas Power & Light 53 -382 1,800
Baltimore Gas & Light 65 -778 1,690 Baltimore Gas & Electric 65 -680 1,690
Cincinnati Gas & Electric 84 -338 810 Cincinnati Gas & Electric 84 -86 810
Commonwealth Edison 452 -630 14,242 Conn. Yankee Atomic Power 23 -2 575
Conn. Yankee Atomic Power 23 -72 575 Consolidated Edison 58 -152 1,746
Consolidated Edison 58 -325 1,746 Consumers Power 84 -253 2,184
Consumers Power 84 -424 2,184 Florida Power & Light 112 -799 1.030
Dairyland Power 4 -10 50 Georgia Power 114 -133 .,,/39
Florida Power & Light 112 -967 3,030 Jersey Central Power & Light 60 -76 1,720
Gerogia Power 114 -332 3,739 Maine Yankee Atomic Power 32 -317 790
Iowa Electric Power & Light 18 -21 538 Metropolitan Edison 53 -351 1,725
Jersey Central Power & Light 60 -286 1,720 Nebraska Public Power District 27 -39 778

? Louisiana Power & Light 31 -60 1,267 Northern States Power 89 -243 2,755
$ Maine Yankee Atomic Power 32 -414 790 Omaha Public Power District 20 -190 457

Metropolitan Edison 53 -510 1,725 Sacramento Mun. Util. District 27 -228 918
Nebraska Public Power District 27 -148 778 Southern California Edison 88 -258 2,716
Northern States Power 89 -481 2,755 Vermont Yankee Nuclear Power 18 -92 514
Omaha Public Power District 20 -250 457 Virginia Electric & Power 137 -327 5,308
Rochester Gas & Electric 45 -30 1,640 Wisconsin Michigan Electric 36 -17 994
Sacramento Mun. Util. District 27 -307 918
South Carolina Electric & Gas 23 -69 900
Southern California Edison 88 -356 2,716
Vermont Yankee Nuclear Power 18 -165 514
Virginia Electric & Power 1 37 -463 5,308

y Wisconsin Michigan Electric J6 -72 994

CJ Total 1,800 -8,110 54,544 Total 1,227 -4 ,6 3.~ 35,907
Cd
O 1996 1996

C Alabama Power Company 47 -186 1,658 Alabama Power Company 47 116 1,658
N* Arkansas Power & Light 53 -515 1.800 Arkansas Power & Light 53 -435 1,800

Baltimore Gas & Electric 65 -843 1,694 Baltimore Gas & Electric 65 -745 1,690
Boston Edison 53 -46 1,905 Cincinnati Gas & Electric 84 -170 810
Cincinnati Gas & Electric 84 -422 813 Comnonwealth Edison 452 -233 14,242
Comonwealth Edison 452 -1,083 14.242 Conn. Yankee Atomic Power :3 -25 575
Conn. Yankee Atomic Power 23 -96 575 Consolidated Edisor. 58 -209 1,746



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharges Availableb MWe

1996 (Continued) 1996 (Continued)
Consolidated Edison 58 -383 1,746 Consumers Power 84 -337 2,184
Consumers Power 84 -500 2,184 Florida Power & Light 112 -910 3,030
Dairyland Power 4 -14 50 Georgia Power 114 -247 3.739
Duke Power 378 -100 14,901 Jersey Central Power & Light 60 -137 1,720
Florida Power & Light 112 -1,079 3,030 Maine Yankee Atomic Power 32 -349 /90
Florida Power Corporation 27 -9 825 Metropolitan Edison 53 -404 1,725
Georgia Power 114 -446 3,739 Nebraska Public Power District 27 -66 778
Iowa Electric Power & Lignt 18 -39 538 Northern States Power 89 -332 2,755
Jersey Central Power & Light 60 -346 1,720 Omaha Public Power District 20 -210 457
Louisiana Power & Light 31 -90 1,267 Sacramento Mun. Util. District 27 -254 918
Maine Yankee Atomic Power 32 -447 790 South Carolina Electric & Gas 23 -22 900
Metropolitan Edison 53 -563 1,725 Southern California Edison 88 -347 2,716

7 Nebraska Public Power District 27 -176 778 Vermont Yankee Nuclear Power 18 -110 514
g Northern States Power 89 -570 2.755 Virginia Electric & Power 137 -464 5,308

Omaha Public Power District 20 -270 457 Wisconsin Michigan Electric 36 -53 994
Rochester Gas & Electric 45 -74 1,640
Sacramento Mun. Util. District 27 -334 918
South Carolina Electric & Gas 23 -92 900
Southern California Edison 88 -445 2,716
Texas Utilities Generating 58 -54 2,300
Vermont Yankee Nuclear Power 18 -184 514
Virginia Electric & Power 137 -599 5,308
Wisconsin Michigan Electric 36 -108 994

Total 2,316 -10,119 74,475 Total 1,703 -6,173 51,049

1997 1997

Alabama Power Company 47 -233 1,658 Alabama Power Company 47 -162 1,658
IO Arkansas Power & Light 53 568 1,800 Arkansas Power & Light 53 -488 1,800
C3 Baltimore Gas & Electric 65 -908 1,690 Baltimore Gas & Electric 65 -810 1,690

C3 Boston Edison 53 -99 1,905 Cincinnati Gas & Electric 84 -254 810

g Carolina Power & Light 222 -191 8,502 Commonwealth Edison 460 -693 14,242
g, Cincinnati Gas & Electric 84 -506 810 Conn. Yankee Atomic Power 23 -49 575
** Commonwealth Edison 460 -1,542 14,242 Consolidated Edison 58 -267 1,746
f) Conn. Yankee Atomic Power 23 -119 575 Consumers Power 84 -420 2,184

Consolidated Edison 58 -441 1,746 Dairyland Power 4 -3 50
Consumers Power 84 -592 2,184 Duke Power 378 -19 14,901



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Stora ge

utility Discharges Availablea MWe Utility Discha rt,es Availablet MWe

1997 (Continued) 1997 ' Continued)
Dairyland Power 4 -17 50 F1)rida Power & Light l '. 2 -1,022 3,030
Duke Power 378 -479 14,901 Georgia Powc* '14 -360 3,739,

Duquesne Light 47 -27 1,704 Jeisey Central Powe. t Light 60 -197 1,720
Florida Power & Light 112 -1,190 3,030 Louisiana Power & Light 31 -29 1,267
Florida Power Corporation 27 -36 825 Main? Yankee Atomic Power 32 -382 790
Georgia Power 114 -559 3,739 Metrooolitan Edison 53 -457 1,725
lowa Electric Power & Light 18 -58 538 Nebraska Public Power District 27 -93 778
Jersey Central Power & Light 60 -407 1,720 Norther 1 States Power 89 -421 2,755
Kansas Gas & Electric 29 -27 1,150 Omaha Public Power District 20 -230 457
Louisiana Power & Light 31 -121 1,267 Sacrament 0 Mun. Util. District 27 -281 918
Muine Yankee Atomic Power 32 -479 790 South Carol?na Electric & Gas 23 -45 900
Metropolitan Edison 53 -616 1,725 Southern Cal 1*ornia Edison 88 -435 2,716
Nebraska Public Power District 27 -203 778 Texas Utilities Generating 58 -25 2,300
Northern States Power 89 -659 2,755 Vermont Yankee N? clear Power 18 -128 514m

h Omaha Public Powe- District 20 -289 457 Virginia Electric & Power 137 -600 5,308
Power Authority of State of NY 52 -32 2,071 Wisconsin Michigan Electric 36 -89 994"'

Rochester Gas & Electric 45 -119 1,640
Sacramento Mun. Util. District 27 -360 918
South Carolina Electric & Gas 23 -116 900
Southern California Edison 88 -532 2,716
Texas Utilities Generating 58 -112 2,300
Vennont Yankee Nuclear Power 18 -202 514
Virginia Electric & Power 137 -736 5,308
Wisconsin Michigan Electric 36 -144 994
Wisconsin Public Service 18 -1 535

(A Total 2,691 -12,720 88,437 Total 2,180 -7,960 69,567y
s

C _1938_ 1998
g
,M Alabama Power Company 47 -280 1,658 Alabama Power Company 47 -209 1,658

[*f
Arkansas Power & Light 53 -621 1,800 Arkansas Poe r & Light 53 -541 1,800
Baltimore Gas & Electric 65 -972 1,690 Baltimore Gas & Electric 65 -875 1,690
Boston Edison 53 -152 1,905 Carolina Power & Light 230 -69 8,502
Carolina Power & Light 230 -420 8,502 Cincinnati Gas & Electric 84 -338 810
Cincinnati Gas & Electric 84 -590 810 Commonwealth Edison 460 -1,153 14,242
Comonwealth Edison 460 -2,002 14,242 Conn. Yankee Atomic Power 71 -119 575

Conn. Yankee Atomic Power 71 -119 575 Consolidated Edison 58 -324 1,746
Consolidated Edison 58 -498 1,746 Consumers Power 84 -504 2.184



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Utili ty Discharges Availablea MWe Utility Discharges Availableb gwe

_

1998 (Continued) 1998 (Continued)
Consumers Power 84 -675 2,184 Dairyland Power 4 -7 50
Dairyland Power 4 -21 50 Duke Power 387 -406 14,901
Duke Powar 387 -865 14,901 Duquesne Light 47 -4 1,704
Duquesne Light 47 -74 1,704 Florida Power & Light 112 -1,134 3,030
Florida Power & Light 112 -1 ,302 3,030 Georgia Power 114 -474 3,739
Florida Power Corporation 27 -62 825 lowa Electric Power & Light 18 -2 538
Georgia Power 114 -673 3,739 Jersey Central Power & Light 60 -257 1,720
indiana & Michigan Electric 58 a2 2,154 Louisiana Power & Light 31 -59 1,267
Vowa Electric Power & Light 18 -76 538 Maine Yankee Atomic Power 32 -414 790
Jersey Central Power & Light 60 -467 1,720 Metropolitan Edison 53 -510 1,725
Kansas Gas & Electric 29 -56 1,150 Nebraska Public Power District 27 -121 778
Louisiana Power & Light 31 -152 1,267 Northern 5tates Power 89 -510 2,755
Maine Yankee Atomic Power 32 -512 790 Omaha Public Power District 20 -249 457

T Metropolitan Edison 53 -669 1,725 Rochester Gas & Electric 45 -29 1,640
g Nebraska Public Power District 27 -230 778 Sacramento Mun. Util. District 27 -307 918

Ncrtheast Nuclear Energy 156 -89 5,009 South Carolina Electric & Gas 23 -68 900
Northern States Power 89 -748 2,755 Southern California Edison 135 -570 2,716
Omaha Public Power District 20 -309 457 Texas l'tilities Generating 58 -83 2,300
Pennsylvania Power & Light 76 -61 2,104 Vemont Yankee Nuclear Power 18 -147 514
Power Authority of State of NY 52 -85 2,071 Virginia Electric & Power 137 -737 5.308
Public Service of Indiana 58 -54 2.260 Wisconsin Michigan Electric 36 -125 994
Rochester Gas & Electric 45 -163 1,640
Sacramento Mun. Util. District 27 -387 91 8

South Carolina Electric & Gas 23 -139 900
Southern California Edison 135 -668 2,716
Tennessee Valley Authority 568 -352 20.105
Texas Utilities Generating 58 -170 2,300
Vermont Yankee Nuclear Power 18 -220 514
Virginia Electric & Power 137 -873 5,308
Washington PPSS 171 31 6,105
Wisconsin Michigan Electric 36 -180 994
Wisconsin Public Service 18 -18 535

Total 3,888 -16,081 126,174 Total 2,622 -10,347 81,951

C?
Cu
O
C/:
O



Table 2. Continued

With Full Cort Reserve
_

Without Full Core Reserve
Annual Storage Annual Storage

MWe utility Discha rges Availableb gg,Utility DJscharges Availablea

1999 1999

Alabama Power Company 47 -327 1,658 Alabama Power Company 47 -256 1,658
Arkansas Power & Light 53 -674 1,800 Arkansas Power & Light 53 -594 1,800
Boston Edison 61 -214 1,905 Boston Edison 61 -1 1,905
Baltimore Gas & Electric 65 -1,037 1,690 Baltimore Gas & Electric 65 -940 1,690
Carolina Power & Light 230 -650 8,502 Carolina Power & Light 27 -299 8,502
Cincinnati Gas & Electric 84 -674 810 Cincinnati Gas & Electric 84 -422 810
Commonwealth Edison 467 -2,469 14,242 Commonwealth Edison 467 -1,620 14,242

c cConn. Yankee Atomic Power O -119 0 Conn. Y3nkee Atomic Power O ,339

Consolidated Edison 58 -556 1,746 Consolidated Edison 58 -382 1,746
Consumers Power 34 -759 2.184 Consumers Power 84 -583 2,184
Dairyland Power 14 -21 50 Dairyland Power 14 -21 50
Duke Power M7 -1,252 14,901 Dcke Power 387 -792 14,901
Duquesne Light (7 -121 1,70' Duquesne Light 47 -50 1,704
Florida Power & Light 112 -1,413 3,03', Florida Power & Light 112 -1,245 1,030m

4, Florida Power Corporation 27 89 825 Florida Power Corporation 27 -9 825
Georgia Power 111 -786 3,'19 Georgia Power 114 -588 3,739m

Indiana & Michigan Electric 58 -W 2.34 Iowa Electric Power & Light 18 -21 5 38
lowa Electric Power & Light lE -34 538 Jersey Central Power & Light 144 -402 1,720
brsey Central Power & Light 144 -499 1,720 Louisiana Power & Light 31 -90 1,267
Kansas Gas & Electric 29 -85 1,150 Maine Yankee Atomic Power 32 -446 790
Louisiana Power & Light 31 -182 1,267 Metropolitan Edison 53 -563 1,725
Maine Yankee Atomic Power 32 -544 790 Nebraska Public Power District 27 -148 778
Metropolitan Edison 53 -722 1,725 Northern States Power 89 -599 2.755
Nebraska Public Power District 27 -256 '' ? Omaha Public Power District 20 -269 457
Niagara Mohawk Power 145 -123 1,690 Public Service of Indiana 58 -45 2,260
Northeast Nuclear Energy 163 -252 5,009 Rochester Gas & Electric 45 -74 1,640
Northern States Power 89 -837 2.755 Sacramento Mun. Util. District 27 -334 918

Q Omaha Public Power District 20 -329 457 South Carolina Electric & Gas 2? -92 930
g. Pennsylvania Power & Light 76 -138 ~,104 Southern California Edison 65 -635 2,280

Philadelphila Electric 218 -214 -6,760 Tennessee Valley Authority 568 -123 20,105
g';s "ortland General Electric 94 -46 3,630 Texas Utilities Generating 58 -140 2,300*

Y Power Authority of State of NY '52 -137 2,071 Verment Yankee Nuclear Power 18 -165 514

C.[ Public Service of Indiana 58 -112 2,260 Virginia Electric & Power 137 -874 5,308
*., ! Rochester Gas & E'ectric 45 -208 1,610 Wisconsin Michigan Electric 36 -161 994

Sacramento Mun. Util. District 27 -414 913
South Carolina Electric & Gas 23 -162 900
Southern California Edison 65 -733 2.280
Tennessee VaTley Authority 568 -921 20,105
Texas Utilities Generating 58 -227 2,300



Table E.2. Continued

.

With full Core Reserve Without Full Lcre Reserve

Annual Storage Annual Storage
Utility Discharges Availablea MWe Utility Discharges Availableb gge

-

1999 (Continued) 1999 (Continued),

Toledo Edison 80 -13 2,718 -

Vermont Yankee Nuclear Power 18 -239 514
Virginia Electric-& Power 137 -1,010 5,308
Washington PPSS 17i -202 6,105
Wisconsin Michigan Electri'. 36 -216 994
Wisconsin Public Service 18 -36 535

Total 4,400 -20,216 139,961 Total 3,297 -13,088 106.J35

2000 2000

Alabama Power Company 47 -374 1,658 Alabama Power Company 47 -303 1,658
Arkansas Power & Light 53 ~727 1,800 Arkansas Power & Light 53 -643 1,800

Baltimore Gas & Electric 65 -1,102 1,690 Baltimore Gas & Electric 65 -1,004 1,690

g, Boston Edison 61 -275 1,905 Boston Edison 61 -61 1,905m

Carolina Power 5 Light 238 -888 8,502 Carolina Power & Light 238 -537 8,502e

Cincinnati Gas & Electric 84 -758 810 Cincinnati Gas & Electric 34 -506 810

Commonwealth Edison 467 -2,937 14.242 Cocunonwealth Edison 467 -2,087 14,242

Conn. Yankee Atomic Power 0 -119 0 Conn. Yankee Atomic Fower 0 -119 0

Consolidated Edison 58 -613 1,746 Consolidated Edison 58 -440 1,746

Consumers Power 84 ~843 2,184 Consumer. Power 84 -671 2.184
Dairyland Power 0 -21 0 Dairyland Power 0 -21 0

Duke Power 395 -1,647 14,901 Duke Power 395 -1,187 14,901

Duquesne Light 47 -168 1,704 Duquesne Light 47 -97 1,704
Florida Power & Light 112 -1,525 3,030 Florida Powar & Light 112 -1,357 3,030
Florida Power Corporation 27 -115 825 Florida Pow Corporation 27 -36 825

Georgia Power 114 -900 3,739 Georgia Power 114 -701 3,739

Houston Power & Light 94 -44 3,680 hwa Electric Power & . ight 18 -39 538

Indiana & Michigan Electric 58 -157 2,154 Jersey Central Power Light 32 -434 1.070
Iowa Electric Power & Light 18 -113 538 Kansas Gas & Electric 29 -27 1,150

Jersey Central Power & Light 32 -532 1,070 Louisiana Power & Lighi 31 -121 1,267
4

Kansas Gas & Electric 29 -114 1,15t, r Maine Yankee Atomic Power 32 -479 790

Louisiana Power & Light 31 -213 1,267 Metropolitan Edison 53 -616 1,725

Maine Yankee Atomic Power 32 -576 790 Nebraska Public Power District 27 -176 778

CD hetropolitan Edison 53 -775 1,725 Niagara Mohawk Power 38 -8 1,080

(? Mississippi Power & Light 78 -63 2,500 Northeast Nrclear Energy 163 -66 5,009

C.; Nebraska Public Power District 27 -285 778 Northern States Power 89 -688 2,7 5',

Niagara Mohawk Power 38 -161 1,080 Omaha Public Power District 20 -289 45/e

M. ilortheast Nuclear Energy 163 -416 5,009 Pennsylvania Power & Light 76 -61 2,104
v
t



Table E.2. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Utility Discharges Availablea F1We Utility Discharges Availableb MWe

2000 (Continued) E00 (Continued)
Northern Indiana Public Service 22 -18 660 Philadelphia Electric 218 -28 6,760
Northern States Power 89 -926 2,755 Public Service of Indiana 58 -83 2,260
Omaha Public Power District 20 -349 457 Rochester Gas & Electric 81 -155 1,640
Pacific Gas & Electric 131 -8 4,550 Sacramento Mun. Util. District 27 -360 918
Penr.3ylvania Power & Light 76 -214 2,104 South Carolina Electric & Gas 23 -115 900
Philadelphia Electric 218 -431 6,760 Southern California Edison 65 -700 2,280
Portland General Electric 94 -140 3.630 Tennessee Valley Authority 568 -691 20,105
Power Authority of State of NY 60 -197 2,071 Texas utilities Generating 58 -198 2,300
Public Service G & E of NJ 134 -130 4.339 Toledo Edison 80 -13 2,718
Public Service of Indiana 58 -170 2,260 Vermont Yankee Nuclear Power 18 -184 514
Public Service of New Hamp. 58 -54 2.388 Virginia Electric & Power 137 -1,011 5,308
Rochester Gas & Electric 81 -234 1,640 Washington PPSS 171 -20 6,105
Sacramento Mun. Util. District 27 -440 918 Wisc( 1 sin Michigan Electric 72 -234 994m
South Carolina Electric & Gas 23 -186 900 Wisconsin Public Service 18 -1 535i

% Southern California Edison 65 -797 2,280
Tennessee Valley Authority 568 -1,489 20,105
Texas Utilities Generating 58 -285 2.300
Toledo Edison 80 -93 2,718
Union Electric 58 -54 2,300
Vermont Yankee Nuclear Power 18 -257 514
Virginia Electric & Power '137 -1,147 5,308
Washington PPSS 1 71 -374 6,105
Wisconsin Michigan Electric 72 -288 994
Wisconsin Public Service 18 -54 535
Total 4,840 -24,798 159,068 Total 4,053 -16,571 130,796

aThe negative numbers in this column indicate that away-frnm-reactor storage in the amount shown will be required if full-core
h,s reserve is to be maintained.*

U' The negative numbers in this column indicate that all at-reactor spent fuel storage capacity has been used, and away-from-reactorb

4 storage in the amount shown will be required for continuation of operation of the utility's nuclear plants.
- .

c0/ charge means that all of the reactors for that utility are shut down due to age.



(J) Each truck cask holds 1 PWR or 2 BWR assemblies;

(4) A BWR assembly contains 0.20 fiTHM and a PWR assembly 0.45 MTici;

(5) The cask load / unload tines are six hours for each operation;

(.6) The speed of the truck is 35 mph;

(7) All transshipment operations are conducted on a 24-hour basis;

(8) There are an equal number of transshipments involving BWR spent fuel as PWR spent fuel;

(9) The shipping casks are available for usage 300 days during the year.

From assunptions (3), (4), and (8), the average amount of heavy metal being transported at each
shipment is 0.425 MTHM. The nunber of cask-days required for a round-trip shipnent to the
ISFSI, a distance of 2000 miles, is:

06 hr + es + 6 hr = 2.88 cask-days

On a netric ton basis, the cask requirenent is 6.78 cask-days per MTHM. In this analysis,
shipment by truck rather than rail has been assuned. Thus, the cask requirenents given in this
appendix should be viewed as being conservative, as the use of rail casks could reduce signifi-
cantly the nunber of casks required. Table E.3 sunnarizes the annual amount of spent fuel that
nust be shipped to an ISFSI if there is no transshipment of spent fuel between reactor sites.
Four cases are presented; with and without full core reserve for the two rates of nuclear capacity
growth.

The annual shipping cask requirements (in task-days) (Table E.4) were obtained by nultiplying
the annual metric tonnage that nust be shipped by 6.78 cask-days for the 2000-mile round trip
distance to the ISFSI. The nunber of shipping casks required in any year can be obtained by
dividing the requirenents shown in Table E.4 by the nunDer of days in each year that a shipping
cask is available for usage (300 days). Table E.5 sunnarizes the shipping cask requirenents for
the four cases analyzed.

Since each shipment of spent fuel involves transporting 0.425 MTHM a round trip distance of
2000 miles, the shipment-nile figure on a netric ton basis is about 4700 shipment-niles per
MTHM. Table E.6 contains the shipment-niles for transporting the spent fuel to an ISFSI for the
four cases considered. Only one-half of the shipment-niles shown in Table E.6 would be with
spent fuel in the shipping casks. On the return trip, the shipping cask would be empty.

The results given in this appendix are meant to give an indication of the magnitude of the
shipping cask requirenents in the future and are not meant to accurately predict the nunber of
shipping casks that will be required in any given year. The latter would require a detailed
reactor-by-reactor analysis, which is beyond the scope of this report.

Ut0.Jeb
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Table E.3. Annual Requirements for Shipping Spent Fuel to
an Independent Spent Fuel Storage Installation (|iTHil)*

230 GWe 230 GWe 280 GWe 280 GWe

Year with FCR without FCR with FCR without FCR

1979 40 0 40 0

1980 100 10 100 10

1981 170 100 170 100

1982 210 130 210 130

1983 360 120 360 120

1984 580 190 580 190

1985 690 370 690 370

1986 790 480 79 0 480

1987 900 640 900 640

1988 970 710 830 670

1989 1070 810 1020 780

1990 940 770 1090 840

1991 1190 950 1170 950

1992 1230 1030 1440 1030

1993 1520 1250 1610 1290

1994 1720 1320 1820 1370

1995 2040 1520 2130 1670

1996 2210 1810 2470 1890

1997 2440 2050 2790 2150

1998 2800 2200 3060 2620

1999 2840 2630 3170 2870

2000 3030 2790 3400 3040

*The generating capacities shown are for the year 2000.
.
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Table E.4. Annual Requirements for Shipping Casks for Shipments to
an Independent Fuel Storage Installation (truck cask-days)*

230 GWe 230 GWe 280 GWe 280 GWe
Year with FCR without FCR with FCR without FCR

1979 270 0 270 0

1980 680 68 680 68

1981 1,150 680 1,150 680

1982 1,420 880 1,420 880

1983 2,440 810 2,440 810

1984 3,930 1,290 3,930 1,290
1985 4,680 2,510 4,680 2,510
1986 5,360 3,250 5,360 3,250
1987 6,100 4,340 6,100 4,340
1988 6,580 4,810 5,630 4,540
1989 7,260 5,490 6,920 5,290
1990 6,370 5,220 7,390 5,700
1991 8,070 6,440 7,930 6,440
1992 8,340 6,980 9,760 6,980
1993 10,310 8,480 10,920 8,750
1994 11,660 8,950 12,340 9,290
1995 13,830 10,310 14,440 11,320
1996 14,980 12,270 16,750 12,810
1997 16,540 13,900 18,920 14,580
1998 18,980 14,920 20,750 17,760
1999 19,260 17,830 21,490 19,460
2000 20,540 18,920 23,050 20,610

*The generating capacities shown are for the year 2000.
.

.
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Table E.5. Annual Requirements for Truck Casks for Shipping Spent Fuel
to an Independent Spent fuel Storage Installation *

230 GWe 230 GWe 280 GWe 280 GWe

Year with FCR without FCR with FCR without FCR

1979 1 0 1 0

1980 3 1 3 1

1981 4 3 4 3

1982 5 3 5 3

1983 9 3 9 3

1984 14 5 14 5

1985 16 9 16 9

1986 18 11 18 11

1987 21 15 21 15

1988 22 17 19 16

1989 25 19 24 13

1990 22 18 25 19

1991 27 22 27 22

1992 28 24 33 24

1993 35 29 37 30

1994 39 30 42 31

1995 47 35 49 38

1996 50 41 56 43

1997 56 47 64 49

1998 64 50 70 60

1999 65 60 72 65

2000 69 64 77 69

*The generating capacities shown are for the year 2000,

bbf.bf

E-31 .



Table E.6. Annual Shipping Distances for Transporting Spent Fuel to an
Independent Spent Fuel Storage Installation (million miles)*

230 GWe 230 GWe 280 GWe 280 GWe
Year with FCR without FCR with FCR without FCR

1979 0.19 0.00 0.19 0.00
1980 0.47 0.05 0.47 0.05
1981 0.80 0.47 0.80 0.47
1982 0.99 0.61 0.99 0.61

1983 1.69 0.56 1.69 0.56
1984 2.73 0.89 2.73 0.89
1985 3.25 1.74 3.25 1.74
1986 3.72 2.26 3.72 2.26
1987 4.24 3.01 4.24 3.01

1988 4.56 3.34 3.91 3.15
1989 5.04 3.81 4.80 3.67

1990 4.42 3.62 5.13 3.95

1991 5.60 4.47 5.51 4.47
1992 5.79 4.85 6.78 4.85
1993 7.15 5.88 7.58 6.07
1994 8.09 6.21 8.56 6.45
1995 9.60 7.15 10.02 7.86
1996 10.40 8.52 11.62 8.89
1997 11.48 9.65 13.13 10.12
1998 13.18 10.35 14.40 12.33

*
1999 13.37 12.38 14.92 13.51
2000 14.26 13.13 16.00 14.31

*The generating capacities shown are for the year 2000.

e
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APPENDIX F.

SPENT FUEL GLNERATION AND STORAGE DATA

This appendix describes the methods used to estimate the future spent fuel discharges and at-
reactor (AR) storage space (Sec. l.0) and gives the results of applying this nodel to detemine
the away-fron-reactor ( AFR) storage requirements for two rates of growth of nuclear reactor
capacity (Sec. 2.0).

1.0 SPENT FUEL GENERATION MODEL

In onfer to predict the amount of spent fuel that will accumulate, it is necessary to estimate
the amount of spent fuel that will be discharged in the future. Ar.suning no reprocessing or
final disposal of spent fuel, the accumulation of spent fuel is dependent upon two major factors:
(1) the growth rate of nuclear power plant installations and (2) the amount of spent fuel annu-
ally discharged from operating plants. This latter factor is dependent upon the specific opera-
tion of the plant. This appendix details the assumptions used to estimate the amount of spent
fuel that will require attention in the future and the rationale for using those assumptions.

1.1 Growth of Nuclear Power Plants

The basis of the assumed rate of growth of nuclear power reactors for this docunent is given in
Section 1.3 of Volume 1. However, since the future growth of nuclear power reactor capacity is
uncertain, the results for two rates of growth are given in the appendf x. The lower growth rate

assunes that in the year 2000, there will be 230 GWe of nuclear generating capacity installed,
with 202 GWe discharging fuel (the reference growth rate). The difference between the number of
reactors installed and those discharging fuel is due to the length of tine between fuel loading
and first discharge. This is discussed further in Section 1.2 of this appendix. To address the
sensitivity of the rate of growth of nuclear power reactors to the need for ATR storage, a
higher growth rate was also analyzed. This higher growth rate assumes that 280 GWe of nuclear
power will be installed in the year 2000, with 246 GWe discharging fuel. These two growth rates
are shown in Figure F.1.

The number of reactor plants presently operating was taken fran the U.S. Nuclear Regulatory
Cocnission " Operating Units Status Report--Licensed Operating Reactors," NUREG-0020 (Gray Book).1

These are shown in Table F.1. This table also contains acditional infomation on the spent fuel

storage situation at these plants.

Table F.2 lists all reactors used in these analyses for the two growth .ates of nuclear capacity.
The list of operating reactors was taken from the Gray Book. For the future, the reactors

"jQQ.yF-1
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Table F.1. Status of Spent Fuel Storage Capacity for Operating Reactors
(data as of 12-31-78)

PF$! nim CAP.

PRFTNT Alm 4WZETI E& PFMih!% IF Ff4Dtm EfD. SOED2 Ff) CATF tMe

C4f SIZE (Als STORAff FIE1 CF, AWMf4 IES CMXITY Ar554ryn Frs will Fill F9F74T

FArit. liv (s & EJt.) 'FIFL ANP9 IFS) STrffD (e Or Awt. te rF A W .1 NFIT EmFllm A NAi?FnCF.

F5i59E!7ED bATER PEFTT<
AFtTMAS 1 177 5%f tle 112I0)e 4?mrie 3-79 10M

APrt@i 2 (C)e 177 4M 0 43 5 61) 19M

l'EAVER VN LEY t 157 SI'tC le O'C)s ST(Cle 4-79 1 94

CALWPT CLIFFS 1 217 10*AIC)e 228(Cle 828(C)e 4-79 1E
CALWRT CLIFFS 2 217 0 10-79 IM

CGT 1 193 "A0 129 371 19?! N/S

C012 (Die 193 772 tLie 0 772 (L)* 1993

CRYSTAL RIWR 3 177 2*4 4 252 1157 4-79 1999

DAVIS BFW 1 177 260(Cle OICle 260(C)* 7 'S 4-79

FAPLEY t 157 67'A C)e 0tCie 675(C1e 3-79 1994

FT. Ct00N 1 33 4M 157 326 1 -% 1%4

Gl W 121 595 156 439 3-79 1989

HADCM ECE 157 11M 288 8% t-79 175

INDIAN POINT 1 0 828 160 668 N/S

INDIAN POINT 2 193 432 132 350 79 1%4

IPTIAN P0;NT 3 193 837 64 773 N/S 1791

lii4lNE 121 168 120 43 870 *-79 2cm

PAlf VfJtEE 217 953 4 33 520 N 'S IMA

MILLST0r( 2 217 647(C)* 72(Cle 595(C)* 3-79 19S7

NOPTH (MiA 1 157 400(C)* OfCle 400f Cle 9o6 11-79 1M8

000(E I 177 771(Cle 4NtC)* 282(Cle 679 N/S 19 %

OC0rEE 2 177 0 N/S 1990

(C0r(E 3 177 0 7-79 19M

. 115ADES 204 799 273 525 NIS 1904

PT. Ktat i 121 351.Cle 1%(Cle 171M e 1322 9-79 1995

FT. BEACH 2 121 0 3-70 176

PRAIRIE ISLMD 1 121 M7(Cle 20010)* 437(Cle 4-79 1%$

FRAIRIE ISLMD 2 121 0 12-79 1%5

FAr00 !ECO 177 579 112 467 3-80 1997

ROBIIGN 2 157 576 M 277(E)e 5-79 19M f Cile

SALEM t 193 264(Cle 0(Cle 264(C)* 1170 4-79 1996

SAN OmFTE 1 157 216(Cle 58(C)* 158(C)* 3-80 1993

ST LUCIE I 217 728(Cle 60(C)* e48(Cle 4-79 1995

SLFRY 1 157 1044(C)e 436(Cle 608(Cle N/S 1%A

SIFRY 2 157 0 2-79 19R4

THREE MILE ISLAND 1 177 752 160 592 3-79 1989

THFEE MILE ISLAND 2 177 442 0 442 9-79 1989

TFG.lAN 193 651 64 587 9-79 19 %

TlREY POINT 3 157 621(Cle 346(C)* 275(Cle 1-79 1991

TWEY POINT 4 157 0 4-79 196'

YAt4TE R0WE 76 391 149 242 572 N/S

IION 1 193 866(Cle 308(Cle 560(Cle IM4 9-79 1993

!!ON 2 193 0 2-79 1993

e<EE F'10TNOTES ON LAST PAGE OF REKET

N/S=toi SCKDLED YET
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Table F.1. Continued

RFMIN1% CAP.
ME7NT NJDORIZED NO. & RFMINIE IF PENDING EQ. SCKDLLED DATE (Ble

CC@E $1ZE (A)* STORAE FUEL CAP. ASIMBLIES CAPKITY APFROWD FOR WILL FILL PRESENT
FACILITY (8 LT ASSM.) (FIL ASSEMRIES) STORED (8 0F ASSM.) (8 0F ASSM.) NEIT REFUELING NJTWRIZED CAP.

BOILING WATER REET@

BIG ROC * F0|NT 84 193 62 131 1-79 19R5
EROWNS FEl&Y I 764 347t(Cle 324(C)* 3147(Cle N /S 1996
E:ROWNS FERRY 2 764 3471 1 32 3339 4-7Y 1996
IR@NS FEPRY 3 764 3471 208 3263 8-79 1996
12YWICF1 560 2088(CitFlo 144(Ele 1944(Cle 1-79 1%
!##.WICY 2 560 (Flo 0 3-75 1986
000HR 543 2366 284 2002 4-79 1994
[RESCEN 1 464 672(C)e 221(C)* 451(Cle N/S 1993
I@ESDEN 2 724 2840 1069 1771 6411 3- 79 1993
I@ESCEN 3 724 9-79 1993
[GhE ARVLD 368 2050 276 1774 N/S 1998
FITZPAIRICE 560 760 268 4 72 1752 3-80 1992
HATCH I 560 840(C1e 260(D e 580(C1+ 3-79 1%
NATCH 2 5^0 !!?O 0 1120 3-00 1986HJCLDT Edy 172 437 251 236 NIS 1964
LAGOSSE 72 1 34 113 21 327 2-79 1997
MILLSTOE 1 530 2184 629 1555 4 -79 1989
MONTICELLO 434 2237 616 1621 N/S 1992
N!NE MILE POINT 1 532 1954f Cle 660(Cle 17:4(C)* 2349 3-79
OYSTER CT<EEK 'A0 1800 620 11M 9-79 1987
FEKH BOTTCe 2 764 2816(C)* 618(C)* 2198(C)e 3-80 1991
FEACH BOTTOM 3 764 2816 440 2376 9-79 1991
FILORIM 1 580 23?0 580 1740 1-80 1990
00AD CITIES I 724 1460(Cle 151(Cle 1309(C)* 1-79 1984
GUAD CITIES 2 724 1460 745 715 10-79 1984
VERP0hi YA'*IE 368 2000 894 !!06 10-79 1991

*=%E F00TNCTES ON LAST PACE OF REPORT

N/S=NOT SOEDLLED YET

(Al AT EMH KFlCl!NG 0)TAGE MM0!!STELY 1/3 & A PWR CORE AND 1/4 0F A BWR CORE IS OFFi.0ADED.
(B) 50T OF TIET [4TES HAVE BEEN AlkOSTED BY STAFF ASSLtFTICNS.
(C) THIS IS TE TCTAL FM BOTH LNITS.
(Db FtMT NOT IN C0rtfRCIAL OKRATION.

(El ITLt0ES WENT FtF1 STORED AT BfcKAICE AND SPARE AVAILABLE AT ERNMCK.
(F) ATH@!!ED A TOTAL & 2088 BWR AND 304 FW ASEMBLIES FOR BOTH PO 0LS.
(G) ROBIN'IN 2 ASIMRIES ECINO SH!rftD TO BPltGICY FOR ST@Yi.
(H) CAPACITV !$ IN ETRIC TONS OF URANIt.P: 1 Mil)2 PWR ASSEMBLIES @ 5 E6a ASSEMRIES.
(!) NO LOWER ACCEPTIE 9ENT FUEL.
(J) RXtID FOR 700 MTU.
(K) 144 BR AND 140 PWR ASSEMBLIES STDED.
(L) EST!sTED
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Table F.2. Reactor Data Used in this Study

Fuel Loading Date
aReactor Utility Code MWE Assemblies T30 GWe 280 GWe

***
* AuENS CEEK H0JSTm P06 & LIGHT UB 7 1180 732 92 90

e ARkAP6AS I ARFAN5AS POER & LIGHT P1 85') in 73 73

* ARFMSAS 2 ARKANSAS FOER & LIGHT P2 950 in 78 78

e BAILLY 1 NMTON INDIANA PLSLIC SERVIE CB 1 660 444 87 85

e BEAER VALLEY 1 DRUE9E LIGHT P3 852 157 75 75

* BEAVER VALLEY 2 DLELE9E LIGHT CP 1 852 157 88 86

* EllEF0NTE I TEMESSEE VALLEY AUTHORITY CP 2 1235 205 82 81

e IELLEFONTE 2 TENESSEE VALEY AUTH%ITY CP 3 1235 205 84 82

e BIG ROCK POINT CONSUERS P06 B1 72 84 62 62

* BLACK FCI 1 PUBLIC SERVIE OF OKLAHOMA CB 2 1150 764 86 84

* BLACK FOI 2 RJEt!C TRVICE OF OklAHOM CB 3 !!50 764 89 87

* BRA!!k0001 CQt0NEALTH EDIS01 0) 4 1120 193 82 81

e BRAIDWOOD 2 CQt0NEALTH EDISON CP 5 1120 193 84 83

e BIONS FERRY l TEMCZEE VALLEY ."UTHmITY B2 1065 764 73 73

e EGORS FERRY 2 TEMESSEE VALLEY AUTHORITY B3 1065 764 74 74

* BR0 bks FERRY 3 TEMESTE VALLEY AUTHORITY B4 1065 764 76 76

* EPMAIOC 1 C#KLIM POER & LIGHT B5 821 560 76 76

e BR'JtSWICK 2 CAROLINA POER & LIGHT B6 821 560 74 74

e BYRm 1 00f04EALTH EDISON CP 6 !!20 193 82 81

e BYRON 2 CatueEATH EDI30N CP 7 1120 193 85 83

* CALLAWAY 1 LNim ELEr3!C CP 8 1150 193 84 83

e CALLAWAY 2 LNION ELECTRIC CP 9 1150 193 91 88

e CAGT CLIFFS 1 BALTIMmE CAS & ELECTRIC P4 845 217 74 74

e CALVERT CLIFFS 2 BALTIMTE GAS & ELECTRIC P5 845 217 76 76

e CAR 11M 1 CAROLINA P06 & LIWT UP22 1250 217 94 91

e CAR 119 2 CAROLIM P06 & LIGHT LF23 1250 217 96 93

e CARROLL C0lNTY ! CQt06EALTH EDISON UB 3 1180 732 93 89

e CARREL C0JiTY 2 CQt04EALTH EDIS01 UB 6 !!90 732 95 91

e CATMBA 1 Di*E PGO CP10 !!45 193 82 81

* CATMBA 2 DJI P06 CP11 1145 193 85 83

e CENTRA VIRGINIA 1 Ar[RICAN ELECTRIC C0ffMY &2 1250 217 92 89

e CENTRAL VIRGINIA 2 AtOICIN ELECTRIC CafMY LP 7 1250 217 94 91

* CER0kIE I DAE P0ER CP12 1280 241 89 86

e CERGIE 2 D)I PGER CP13 1280 241 91 88

e CER0kEE 3 D)I F00 CP14 1280 241 91 88

* CLINTON 1 ILLINDIS POER CB 4 950 592 84 83

e CLINTON 2 ILLINCIS P06 CB * 950 592 91 88

e COMMDE PEAK 1 TEIAS UTILITIES K6ATING CP15 1150 193 81 80

* COMMCE PEAK 2 TEIAS UTILITIES GEERATING CP16 1150 193 85 83

* C00( 1 INDIAM & M10i!0M ELECTRIC P6 1054 193 74 - 74

* CD0K 2 INDIANA & MICHICAN ELECTRIC P7 !!00 193 77 77

e COTER KI!RASkA PUBLIC POER DISTRICT B7 778 548 73 73

e CRYSTAL RIVER 3 FLORIDA P0ER C0FP. P8 825 in 76 76

* DAVIS BESSE 1 TREDO EDISON P9 906 177 76 76

* DAVIS BESSE 2 T1EDO EDISm CP17 906 177 92 89

e DAVIS BEST 3 TRED0 EDIS0N CP18 906 177 92 81

e DIAiLO CANYW ! PACIFIC GAS & ELECTRIC CP19 1084 193 79 79

* DIABLO CANYON 2 PACIFIC CAS & ELECTRIC CP20 1106 193 79 79

e DESEN 1 C0904EALTH EDISON B8 200 464 59 59

e [FESEN 2 Cat 06EATH EDIsai B9 794 724 71 71

e IEESDEN 3 CQt04EALTH EDISON 910 794 724 70 70

* DUAE ARN1D IOWA ELECTRIC PGO & LIGHT B11 538 368 74 74

e EMICO FERMI 2 [ETROIT EDIS0e CB 6 1123 762 81 80 ,
i

e ERIE I OHIO EDISM C0fMY UP 4 1250 217 92 89hg % e ERIE 2 0410 0 1501 Corf'MY LP10 1250 217 94 91
"Q e FARLEY 1 ALABAMA P06 C0ffANY P10 829 157 76 76

l -J e FARLEY 2 ALAfW% P0ER CorfANY CP21 829 157 80 80>

I
3 e FITZPATRICK POWER AUTH@lTY 0F STATE OF EW YORK B12 821 560 74 74

69 C7 e FORKED RIVER JRSEY CENTRAL POER & LIGHT 0)22 1070 217 87 85

,p e FT. CAUCLN OMHA PURIC POER DISTRICT Fil 457 133 72 72
, s

f ") O e FlLTth 1 PHILAMlPHIA ELECTRIC LF25 1250 217 94 91

* RLTW 2 PHILAELPHIA ELECTRIC T26 1250 217 96 92

C3 e GIMd R00 ESTER GAS & ELECTRIC P12 490 121 69 69

O,m
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Table F.2. Continued

Fuel Loading Date
Reactor Utility Code MWE Assemblies 230 GWe 280 GWe

a

* CRAND GL .F 1 MISSISSIPPI PMR & LICHT CB 7 1250 784 81 01
*GWCGA72 MISSISSIPPI POWER & LIGH! CB 8 1250 7P4 87 81
* GREEN C0ts.TY POWER AUTHORITY T STATE OF EW YORK LF13 1250 217 94 93
* GEEWOOD 1 TTROIT EDISON LP12 1250 217 92 89
* 0REENWOOD 2 CE90!T EDISON UP16 1250 217 95 91
* HALDAM ECK COP #ECTICUT YMIE ATOMIC POWER P13 575 157 67 67
* HMRIS 1 CAR 11NA POWER & LIGHT CP23 915 157 87 85
* HARRIS 2 CAROLINA POWER & LIGHT CP24 915 157 90 87
* HGRIS 3 CAR 11M POWER & LIWT CP25 915 157 91 88
* HEIS 4 CARLINA POWER & LIGHT CP26 915 157 91 88
* HARTSVILLE A-1 TEMESSEE VALLEY AUTHORITY CB 9 1205 732 84 82
* HmTSVILLE A-2 TEMESSEE VALLEY AUTHORITY CB10 1205 732 86 84

* HmTSVILLE B-1 TEMESSEE VALLEY AUTHORITY CB11 1205 732 85 84
* HARTSVILLE B-2 TEMESSEE WLLEY AUTHORITY C812 1205 732 87 85
* HATCH 1 dORGIA PMR B13 717 560 74 74
* HATCH 2 6EORGIA PadER B14 822 59 78 78
* HAO WISCONSIN ELECTRIC P0JER IT 14 1250 217 95 91
* HM CREEK 1 PUELIC SDVIC GAS & ELECTRIC OF NJ CB13 1067 764 88 86
* KFE CREEK 2 PUELIC SERVIC GAS & ELECTRIC OF kJ CB14 1067 764 90 87
* RPSOLDT BAY PACIFIC GAS & ELECTRIC B15 65 172 62 62
* INOIAN POINT I CONS 11 DATED ED! SON P14 0 0 61 61
* IN01AN POINT 2 00tKLIDATED EDISOI P15 873 193 72 72
* INOIAN POINT 3 CONSOLIDATED EDISON P16 873 ;93 75 75
* MSPORT 1 LONG !$ LAND LIGHTIhG LF15 12*o 217 92 90
* MSPORT 2 LONG ISLAND LIGHTIE LFi7 1250 217 95 9.
* KEWUEE WISCC' GIN PUBLIC TRVICE P17 535 121 73 7'J
* LACROST DAIRYLAND POO B16 50 72 68 68
* LASALLE 1 COMMONWEALTH EDISCN CB15 1078 764 79 79
* LASALLE 2 C09uAEALTH EDISON CB16 1078 764 CO 80
* LIERICK 1 PHILADELPHIA ELECTRIC 0917 1065 764 86 64
* LIMERICK 2 PHILADELPHIA ELECTRIC CB18 1045 764 89 87
* MAIE VM'EE MAIE YMIE ATOMIC PtVJt P18 790 217 71 71

* MMBLE HILL 1 PUBLIC SERVICE OF INDIANA CP27 1130 193 84 82
* MPBLE HILL 2 PUBLIC SERVICE I INDIAM CP28 1130 193 87 85
* MCOUIRE 1 DAI POWER CP29 1180 157 79 79
* MCOUIRE 2 DL*E POER CF30 1180 193 " 81
* MIDLf6D 1 Cat 3UERS P06 CP31 49' 177 c>3 82
* MIDLAND 2 CON 9MRS P06 CP32 887 177 82 81
* MILLSTOE 1 N@TIEAST MJCLEAR EERGY B17 660 580 70 70
* MILLST3E 2 NORTEAST t#JCLEAR ENERGY P19 830 217 74 74
* MILLSTONE 3 NORTEAST MJCLEAR EER0Y CP33 1159 193 93 88
* MONTACLE 1 NOR'1 EAST NUCLEM ENERGY UB 2 1180 732 93 89
* STAGLE 2 MTIEAST tU1 EAR EER0Y UB 5 1180 732 95 91
* Oi!TLLO N@TIERN STATES PMR B18 545 434 70 70
* NEW EN0 LAND 1 NEW EM1/WD PMR & LIGHT UP18 1250 217 93 90
* O ENGLAND 2 NEW ENGLAND POWER & LIGH1 LP20 1250 217 95 92
* O YCPX 1 NY STATE ELECTRIC & GAS C0fANY UP19 1250 217 93 90
* EW YORK 2 NY STATE ELECTRIC & GAS COMPANY LP2a 1250 217 95 92
* NIE MILE FCINT 1 N!ACGA P0iAW POWER B19 10 532 68 68
* NIE MILE POINT 2 NIAG@A M0 HAWK POWER CB19 1080 764 89 86
* N@TH ANNA 1 VIRGINIA ELECTRIC & PDFR P?O 967 157 77 77
* NOFTH AN 2 VIRGINIA ELECTRIC & POER CP34 943 157 79 79
* WTH Atha 3 VIRGIMIA ELECTRIC & POWER CP35 907 145 83 82
* N%TH ArMA 4 VIRGINIA ELECTRIC & P06 CP36 907 145 86 E4

,

h C' * OCGEE 1 DLIT P06 P22 887 177 72 72

] *OCME2 DUKE P06 P23 887 177 73 73
OCOEE 3 DUE POWER P24 887 177 73 73g ** OYSTER CREEK

/ g JERSEY CENTRAL P06 & LIGHT B20 650 560 68 68C 'l r- I * PALISADES CON 9MRS PCO P25 805 204 70 70
* PALD SDE 1 ARIlCNA PUBLIC SERVIT CP37 1270 241 83 82
* PALO ODE 2 ARIZONA PUBLIC SERVIT CP38 1270 241 88 85
* PALO VERT 3 ARIZONA PUILIC SERVIT CP39 1270 241 90 877 ,

C * PALO VERDE 4 MIZCNA PUBLIC SERVIT UP 5 1250 217 93 90

k % ** PALO G T 5
,

ARIZ0M PUBLIC SD/ ICE UP11 1250 217 96 92^

PED BOTTCM 2 PHILADELPHIA ELECTRIC B21 1065 764 73 73

{ ,) * PEACH ECTTOM 3 PHILADEJHIA ELECTRIC B22 1065 764 73 73
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Table F.2. Continued

Fuel Loading Date
Reactor Utility Code MWE Assemblies 230 GWe78FGWa

e PERE SPRINGS 1 PORTLMD CEERAL ELECTRIC 1P 1 1250 217 93 90

e PEBBLE SPRINGS 2 PORTLAG (iMFAL ELECTRIC UP 6 1250 217 96 92

* F9 KINS 1 ME POWER UP 3 1250 217 93 89

e PERFINS 2 Dl)E FOER UP 8 1250 217 95 91

e FBKINS 3 D3E FGG UP24 1250 217 97 93

e PERRY I REVELMD ELECTRIC & ILLLt!IMTIE CB20 1205 732 85 81

e PEFRY : CLEVELMD ELECTEIC & ILLUMINATING 0921 1205 732 88 85

e PHIPPS BEND 1 TEMSSEE VALLEY AUTHORITY CB22 1220 732 87 84

e PHIPPS KND 2 TEWSTE VALLEY AUTHJRITY CB23 1220 732 89 86

e PILORIM 1 BOSTm EDISm B23 655 580 70 70

e PILGRIM 2 BOSTON EDISm UP 9 1250 217 96 92

* FfdIRIE ISLAND 1 NORTG STATES POER P28 530 121 72 72

e PPAIRIE [SLAND 2 N@ TERN STATES POWER P29 530 121 73 73

e PT. PEACH l WISCONSIN MICHICM ELECTRIC P26 497 121 69 69

e PT. KAm 2 WISCONSIN MICHIGM ELECTRIC P27 497 121 71 71

e DJAD CITIES 1 C0rt10NEALTH EDISON B24 789 724 72 72

* QUAD CITIES 2 C0m]NWEttTH EDism 825 789 724 72 72

e RANCHO SECO SACRAMENTO MmICIPAL UTIllGES DISTRICT P30 918 177 74 74

e RIER BEND 1 GJLF STATES UTILITIES CP24 934 592 89 86

e RIVER BEND 2 GULF STATES UTILITIES C925 934 592 92 89

e ROBINSW 2 Cl#0 LINA POER & LIGHT P31 700 157 70 70

e SALEM 1 RRIC EDVIC GAS & ELECTRIC 0F NJ P32 1090 193 76 76

e SALEM 2 PUftIC SERVIC 0AS & ELECTRIC OF NJ CP40 1115 193 79 79

e SAN CNrfRE I SOUTG CALIF 0F&IA EDISON P33 436 157 67 67

e SM ONfRE 2 SOUTON CALIF @NIA EDISON CP41 1140 217 80 80

# SM ONOFRE 3 SOUTHERN CAllFORNIA EDISON CP42 1140 217 &3 82

e SEA 8R00K 1 PUBLIC SERVICE OF NEW HMPSh!RE CP43 1194 193 86 84

* SEA %00r 2 RRIC SEPVICE OF NEW HMSHIRE CP44 1194 193 89 87

e SEJJ0YAH 1 TENESTE VALLEY AUTHORITY CP46 1140 193 79 79

e SEGEYAH 2 TENNESSEE VALLEY fdJTHMITY CP45 1140 193 80 79

e SH@EHM LONG ISLfA 610HTING CB26 854 560 81 80

* SKAGli 1 PLLET SMD NWER & LIGHT UB 1 1180 732 94 90

e SkAGli 2 Piffi SMD POER & LIGHT UB 4 1180 732 96 92

e $0VTH TEIAS 1 HUJSTON PmER & LIGHT CP47 1250 193 83 82

e SOUTH TEXAS 2 HJUSTON POER & LimT CP48 1250 193 86 84

e ST LLCIE I FLORIDA POER & LIGHT P34 802 217 75 75

e ST LUCIE 2 FLORIDA POWER & LIGHT CF47 842 217 85 83

e STMISLAUS 1 PACIFIC GAS & ELECTRIC UB 8 1180 732 94 90

e STANISLA:S 2 PACIFIC GAS & ELECTRIC 08 9 1180 732 96 92

e STERtlNG 1 ROCESTER GAS & ELECTRIC CP50 1150 1 77 91 88

* SLPfD 1 ffUTH CI#11NA ELECTRIC & GAS CP51 900 19 81 80

e StFRY I VIRGINIA ELECT 9IC & FMR P35 822 157 71 71

* SLPFY 2 VIRGINIA ELECTRIC & POER P36 822 157 72 72

e SUS 31HWe ! PEEYLVMIA POWER & LIGHT CS27 1052 764 81 80

e SUS 0JEHMNA 2 FDNSiLVMIA P0LG & LIGHT CB28 1052 764 83 82

* TWEE MILE ISLAND 1 PETROPOLITM EDISON P37 819 177 73 73

* TWEE MILE ISLAND 2 PETROPOLITAN EDISON P38 906 177 78 78

e TPGJAN P@TLMD GEERAL ELECTRIC P39 !!30 193 75 75

* TUF)IY POIN' 3 FLORI!A PmER & LIGhi P40 693 157 71 71

e TUF*EY POINT 4 FLUIDA PMR & LIGHT P41 693 157 72 72

* TYRCE NORTEM STATES POWER CP52 1150 193 91 88

e VETMNT YMEE VER90NT YtMIE MJCLEAR POWER 826 514 368 71 71

* V0GTLE I CCORGIA POWER CP53 1100 191 89 86

D e V0GTLE 2 GEORGIA POER CP54 1100 1 73 90 87

'd Q * WASHINGTON MJCLEAR 1 WASHINGTS PPdS CP55 1251 205 85 83

a WASHINGTON NUCLEAR 2 WASHINGTW PPSS CB29 1103 764 80 80'

ws} QgQ e WA3HINGim NUREAR 3 WACHINGTON PPSS CP56 1242 241 87 85

m e WASHINGTON NUCLEAR 4 WASHIETW PPSS CP57 1267 205 88 86

. e WASHINGTON MJREAR 5 WASHINGTON PPSS CF58 1242 241 90 87

r] * WATERFORD 3 LOUIS!ANA POWER & LIGHT CP59 1267 205 83 81
"

* WATTS BAR 1 TEMSSEE VALLEY AUTmRITY CP60 1165 193 80 80

e WATTS BtA 2 TEMSSEE VALLEY AUTMITY CP61 !!65 193 81 81

e W1F CPEEX 1 KANSAS GAS & ELECTRIC CP62 1150 193 86 84

* YAttIE ROE YrMEE Aim!C ELECTRIC P42 175 76 60 60

* YELLOW CREEK 1 TEMSSEE VALLEY AUTHORITY CP63 1285 193 88 86

e YELLOW CREEK 2 . TEMSSEE VALLEY AUT)OITY CP64 1285 193 90 87
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Table F.2. Continued

Fuel Loading Date
aReactor Utility Code MWE Assemblies Tf0 GWe 280 Glie

* ZifffR 1 CIE!NMTI CAS & ELECTRIC CP65 810 560 80 79
* ZI0d 1 C&f10NWEALTH EDID F43 1040 193 7Z 72
* ZION 2 COTOMEALTH EDID F44 1040 193 73 73
e 230 B FB 1 1180 732 97 97
* 230 i FB 2 1180 732 97 97
* 230 P FP 1 1250 217 97 97
* 230 P FP 2 1250 217 97 97
* 230 P FP 3 1250 217 97 97
* 230 P FP 4 1250 217 97 */
* 280 B FB 3 1180 732 93
e 280 B FB 4 1180 732 93
e 280 B FB 5 1180 732 93
e 280 B FB 6 1180 732 94
* 280B FB 7 1180 132 94
e 280 B FB 8 1180 732 94
* 280 B FB 9 1180 732 95
e 280 B FB10 1180 732 95
e 280 B FB11 1180 732 95
* 280 B FB12 1180 732 96
* 280 B FB13 1180 732 96
* 280 B FB14 1180 732 96
* 280 $ F;15 1180 732 97
* 280 P FP 5 1250 217 93
* 280 P FP 6 1250 217 93
* 280 P FP 7 1250 217 93
* 280 P FP 8 1250 217 94
* 280 P FP 9 1250 217 94
e 280 P FP10 1250 217 94
e 280 P FP11 1250 217 94
* 280 P FP12 1250 217 94
e 280 P FP13 1250 217 94
* 280 P FP14 1250 217 95
* 280 P FP15 1250 217 95
e 280 P FP16 1250 217 95
e 280 P FP17 1250 217 95
* 280 P FP18 1250 217 95
e 280 P FP19 1250 217 95
e 280 P FP20 1250 217 96
* 280 P FP21 1250 217 96
* 280 P FP22 1250 217 96
* 280 P FP23 1250 217 96
* 280 P FP24 1250 217 96
* 280 P FP25 1250 217 96
* 280 P FP26 1250 217 97
e 280 P FP27 1250 217 97
._

a
Peactor code (all as of 12/31/78):
B or P - oparating boiling or pressurized water reactor. .

CB or CP - boiling or pressurized water reactor under construction.
UB or UP - reactor named but unlicensed (no site), not under construction.
FB or FP - reactor unnamed, unsited, and not yet under construction.
Numeric values added to the above letter code to provide a unique identifier for each reactor.
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listed in the NRC's " Construction Status Report--Nuclear Power Plants," NUREG-0030 (Yellow

Book)2 were assumed to come online at dates which correspond to the two growth rates considered
in this appendix. Some reactors have different fuel-loading dates for the two cases.

Since the number of reactors presently listed in the Gray and Yellow Books is not e70ujh to
reach the projected level of nuclear capacity by the year 2000, it is necessary to supplement
these with additional reactors. The number of power reactors presently planned by utilities in
addition to those with construction pemits are contained in the NRC's " Program Summary Report,"
NUREG-0380, (Brown Book).3 These planned reactors have names and owners, but do not have a

power rating. In addition to these planned reactors, others wLitt presently are not planned by
any utility are needed to reach the assumed level of nuclear capacity by the year 2000. These
unplanned reactors are not assigned to any utility. The latter two sets of reactors are assumed
to have a mix of approximately two PWR's for each BWR. The PWR's are assumed to have 217 assen-
blies, each containing 0.45 metric tons (MT) of uranium, and would have a power level of 1250
MWe. ~1e EnR's are assumed to have 732 assemblies, each containing 0.20 MT of uranium, and

having a power level of 1180 MWe, These two sets of data for PWR's and BWR's are representative
of reactors presently under construction. No reactors with fuel loading dates after 1997 are
shown in this table because such reactors would not discharge fuel until af ter 2000. However,
the spent fuel storage space of these reactors is available for use and is included in the
results given in this document. The code column in Table F.2 describes the status of each
plant.

The reactor plants are assumed to have a 30-year operational lifetime from the date of commercial
operation. Thus, the generating capacity that goes offline before 2000 due to age (Table F.3)
must be replaced in order to reach the assumed level of nuclear capacity in the year 2000.

.

1.2 Fuel Discharge Rates

A model for the discharging rate of spent fuel was developed by analyzing data on the history of
operating plants. The model discharge schedule used in this study is shov, below:

Number of Years in Operation

Following Date of Commercial Fraction of Core Discharged per year

Opera tion PWR BWR

1 0.0 0.0

2-5 0.25 0.20

6 0.33 0.20

7-29 0.33 0.25

30 1.0 1.0

A one-year period between the initial fuel loading and the start of commercial operation is
assumed for this document. HencE the first discharge occurs three years following fuel loading
(two years following start of commercial operation). The model used for this study divides the
reactor life into two segments: (1) before the first core has been discharged, and (2) af ter
the first core has been discharged,

n. o my g
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Table F.3. Reactors That Go Offline before 2000 because of Age

Assumed
Power Year of

Facility Owner Rating (MWe) Shutdown

Dresden 1 Commonwealth Edison 200 1990
Yankee Rowe Yankee Atomic Electric 175 1991
Big Rock Point Consumers Power 72 1993
Humbolt Bay Pacific Gas & Electric 65 1993
Haddam Neck Connecticut Yankee Atonic Power 575 1998
San Onofre 1 Southern California Edison 436 1998
Lacrosse Dairyland Power 50 1999
Nine Mile Point 1 Niagra Mohawk Power 610 1999
Oyster Creek Jersey Central Power & Light 650 1999
Ginna Roct ester Gas & Electric 490 2000
Point Beach I Wisconsin Michigan Electric 497 2000

.
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For those years of operation prior to complete discharge of the first core, nuclear reactors
tend to discharge less fuel annually because of required testing and operational procedures.
This is evident by the length of time until discharge of the first core (see Tables F.4 and
F.5). Accordingly, the model has a first cycle which lasts two years, followed by yearly dis-
changes of 20% of the core for BWR's and 25% for PWR's until the first core has been fully
di scha rged. Hence, it will take five years to fully discharge the first core for a PWR and six
years for a BWR following the date of commercial operation. Af ter the first core has been fully
discharged, annual discharges of 1/3 of a core for PWR's and 1/4 of a core for BWR's is assumed.
Af ter the 30-year lifetime of the reactor, the entire core would be discharged.

This model is based on infomation given in the Gray Book, with modifications when additional
infomation was available. Table F.4 shows the operational record of plants that have discharged
their first core as of November 1, 1977. Over the 14-month period from November 1,1977, to
Decembe r 31, 1978, the PWR's shown in Table F.4 discharged a total of 641 assemblies. The annual
discharge rate for PWR's that have discharged their first core is then:

Percentage :iischarged = x x 100 = 28.0%

The 14-nonth period was used to reduce the number of reactors which did not have a refueling
outage. For BWR's that have discharged their first core, the annual rate of fuel discharges
from the data in Table F.4 is:

Percentage discharged = x x 100 = 24.5%
.

Table F.5 shews the operational record of plants that are two years old but had not discharged
their first core as of November 1,1977. The annual discharge rate for PWR's in this category is:

Percentage discharged = h x hx 100 = 33.8%

The annual discharge rate for BWR's in this category is:

Percentage discharged = h x hx 100 = 23.3%

These calculations show that the assumption of discharging 1/3 of a PWR core and 1/4 of a BWR is
valid. However, also included in Tables F.4 and F.5 are estimates of the length of time to
fully discharge the first core. These time periods are somewhat longer than would be expected
by discharging 1/3 of a PWR core and 1/4 of a BWR core annually. This discrepancy is probably
due to the operational problems when the reactor is first put online. The first few fuel cycles
may also be a bit irregular during the breaking-in period.

By having the model divided into two sections, it is possible to match both the length of time
to discharge the first core and the annual discharning rates. The model agrees very well for
PWR's on the length of time to discharge the first core (five years). The model underpredicts
the value for BWR's (six years), which will result in an overestimate of discharge rates for BWR
spent fuel. Most of the reactors which will come online in the future will be of the large
(greater than 1000 MWe) variety. Thus, it is not valid to predict discharges for these plants
based on saalier plants, especially those in Table F.4. By placing more e,phasis on the data in

3M1D,3



Table F.4. Reactors That Had Dischargeg Their First Core
as of November 1,1977

PWR's

No. of Assemblies Years to Discharge
Core Size, Discharged First Core Following

No. of between Commercial Operation
Facility Assemblies 11/1/77-12/31/78 (estimated)

Ginna 121 32 5

Haddam Neck 157 56 7

Maine Yankee 217 72 --c
Palisades 204 68 6

DPoin6 Beach 1 & 2 121 each 104 total 5

Robinson 2 157 39 6

San Onofre 157 52 --c
bSurry 1 & 2 157 each 144 total 6

bTurkey Point 3 & 4 157 each 74 total 5

Yankee Rowe 75 J --c
1959 641

BWR's

Big Rock Point 84 22 --c
Dresden 1 464 0 --c
Dresden 2 724 193 --c
Dresden 3 724 176 --c
Lacrosse 72 0 8
lbnticello 484 132 6

Nine Mile Point 532 0 9

Oyster Creek 560 245 9

Vermont Yankee 368 378 8

4012 1146

a
Not included in this table are Humbolt Bay and Indian Point 1, both of which
are not presently in operation.

b
Treated together because the values for spent fuel in storage are given
together in the Gray Book.

c
unable to make estimate.

363074
F-12



Table F.5. Reactors Two Years Old as of November 1,1977
That Had Not Discharged Their First Core

PWR's

No. of Assemblies Projected Years to
Core Size, Discha nged Discharge First Core

No. of between Following Comercial
As seablies 11/1/77-12/31/78 OperationFacili ty

Arkansas 1 177 53 5

Calvert Cliffs 1 217 72 4

Cook 1 193 64 5

ft. Calhoun 133 80 4

Indian Point 2 193 60 7

Kewaunee 121 40 5
aOconee 1, 2, & 3 177 each 200 total 5

aPrairie Island 1 & 2 121 each 80 total 5

Rancho Seco 177 112 7

Three Mile Island 1 177 56 5

Zion 1 & 2 193 each 188 total 5

2764 1089

BWR's

Brown 's Fe rry 1 764 324 8

Brown's Ferry 2 764 132 8 *

Brunswick 2 560 140 7

Cooper 548 164 8

Duane Arnold 368 88 5

Fitzpatrick 560 136 7

Hatch 1 560 168 7

Millstone 1 580 125 8

Peach Bottom 2 764 258 6

Peach Botton 3 764 252 6

Pilgrim 1 580 428 6
bQuad Cities 1 & 2 724 each 180 total 8

8820 2395

' Treated together because the values for spent fuel in storage are given
together in the Gray Book.

b
Treated together because spent fuel has been transferred between storage pools.

p.snd t/ d .)p(g.D
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Table F.5, which contains larget plants than does Table F.4, the model scens to fit the data
well enough for purposes of estimation.

The amount of fuel annually discharged is independent of the plant capacity factor and fuel
burnup in this model. .This is based on a study of the Gray Book which shows the insensitivity
of these factors to discharge rates. The discharge rates given in this nodel are indicative of
those presently occurring. If longer fuel cycles (with increased fuel enrichnent and burnup)
are obtained in the future, this model could overestimate the anount of spent fuel to be dis-
charged f rom reactors.

1.3 Use of Storage Space

For this document, the available space to store spent fuel is assumed to be limited to that
remaining in the storage pools of the reactors presently operating and of those reactors which
will come online by the year 2000. The spent fuel storage space remaining at fiFS West Valley,
GE fiorris, or AGNS Barnwell is assumed to be unavailable for additional spent fuel storage.
The spent fuel presently stored at West Valley and Morris is assumed to remain there. The
assemblies are assumed to be stored intact without being disassembled to increase storage avail-
ability.

The sizes of the storage pools are taken from the Gray Bock for operating plants; it is assumed
that any planned increased storage capacity shown there will be accomplished. For the plants
not yet constructed, the spent fuel storage capacity is estimated to be 3.75 cores for BWR's and
4 cores for PWR's. This value is based on the present storage capacity obtainable by use of
high-density storage racks and is consistent with the data given in the Gray Book.

e

Two cases were considereo for each nuclear growth rate: (1) with and (2) without full core
reserve remaining in the spent fuel pool . For sites with multiple reactors, the full core
reserve case would involve maintaining one full core reserve for the site, not one for each
reactor. The unplanned reactors would have one full core reserve each. While maintaining full
core reserve is desirable from an operational standpoint, it is not considered necessary to the
safe operation of the nuclear power plant. In the without full core reserve case, the spent
fuel storage pool is used until corpletely full, at which time it is necessary to store spent

fuel elsewhere.

Nuclear power plants of ten have two or more nuclear reactors within the same complex. One
current site (Palo Verde) is licensed to contain as many as five reactors. For this document,
all the reactors at a given site are assumed to have access to all of the storage space ht that
site. However, the spent' fuel storage pool of a reactor is available for spent fuel storage
only af ter fuel has been loaded into the reactor. Thus, for multiple reactor sites, spent fuel
from one reactor can be stored in the pool serving another reactor only af ter the fuel loading
date for the latter reactor. Therefore, one reactor could lose spent fuel storage space before
the other reactors at that same site were online, and as a result, the site would have no avail-

able spent fuel storage space until another reactor was brought online.

If a given site contains both a BWR and PWR (such as Millstone 1 and 2), it is assumed that the
spent fuel fran either plant can be stored in either pool. The differences in rack construction
for PWR and BWR spent fuel < s not considered in this analysis. The available space in a spent

F-14
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fuel pool is considered only in tems of metric tons heavy metal (MTsi) of spent fuel, not
the number of assemblies. To detemine the storage capacity in tems of assemblies, all BWR
fuel is assumed to contain 0.20 MTRi per assembly and PWR fuel 0.45 tiTm per assembly.

2.0 SPENT FUEL STORAGE DATA, 1979 - 2000

Tables F.6 and F.7 contain the list of reactors discharging fuel through 2000, with the remaining
at-reactor storage available given in tems of metric tons heavy metal. These lists are based
on the model described in Section 1.2 of this appendix. The remaining storage for the reference
growth rate (230 GWe by the year 2000) is given in Table F.6, and for the higher growth rate
(280 GWe by 2000) in Table F.7. These tables contain a reactor-by-reactor analysis of the fuel
storage requirements until the year 2000. For each reactor, the following data are given: the
reactor type (PWR or BWR), the reactor name, the owner, the plant power rating, the fuel loading
date, the core weight (obtained by multiplying the number of assemblies by 0.20 for BWR's and
0.45 for PWR's), the amount in storage as of December 31, 1978, the amount that can be accommo-
dated in the remaining storage space, the amount of spent fuel discharged annually, remaining
storage capacity without maintaining full core reserve, and the remaining storage capacity with
full core reserve [all material quantities are expressed in tems of metric tons heavy metal
(tiTHM)]. When two or more plants are at one site, the discharging values are shewn separately,
but the total available remaining space is given with the first reactor.

Tables F.8 and F.9 show the year in which reactor sites will run out of spent fuel storage space
and require AFR storage. These tables were obtained from the data given in Tables F.6 and F.7
using the assumptions given in Section 1.3 of this appendix for use of storage space at a site.
Table F.8 contains the with full core reserve and without full core reserve cases for the refer-
ence growth rate, and Table F.9 contains these results for the higher growth rate of nuclear
capacity. The remaining storage for each reactor is given in tems of MTHM. As discussed in
Section 1 of this appendix, it is possible for a reactor site to lose spent fuel storage capacity
until another reactor at that site has fuel loaded into it. At that time, the backlog of spent

fuel at the site can be stored in the spent tuel pool of the new reactor. This may alleviate or
at least lessen the need for AFR storage for that reactor site for a few years,

g$YG s {nm. < ,y,
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Design fuel MTHM Spent Fuel MTHM Spent Fuel
Kind of Reactor Number Electrical Loading in Storage Storage Capacity
Reacter Name on Sirgle Site Owner Rating Date (end 1978) (end 1978)

MTHM Storage Negative Number
Capability in Indicates AFR MTHM

Year Indicated Storage Required in Core

/
Y if if '[ 7

P ARKANSAS 1 ARFANSAS POWER 8 LIGHT CER= 850HW FLD=1973 Cone hT= 8CMT FUEL STRs 50MT REM CAPS 215MT
p YEAR Kj Ej M1] $2 E) $4 33) Mf M37 M7-3123) M? M9 M1] M3) M) M3) Mll M9] M73 Mi Z23Q

HT DISCHARGED so 2r 27 27 27 21 27 27 21 27 27 2 2 21 27 2 21 27 27 27 2 27a

O REM STR W o FCR 414 337 341 295 2(3 202 149 96 43 -10 -63 -117 -170 -223 -276 -329 -382 -435 -488 -541 -594 -648
REM STR W FCR 334 333 261 215 169 122 69 16 -37 -90 -143 -196 -249 -302 -356 -409 -462 -515 -568 -621 -674 -727

-

P ARKANSAS 2 ARKANSAS POWER & LIGHT DER: 950MW F LDs1978 CORE WTs 80MT FUEL STRs CNT REM CAP =219MT

MI3 E9 M?) q2 1122 M2) M2% MD Mit 1227 g) M2) 2119YEAR M22 MS MM Q2 MM E3 E) 1?M 27 27 2 27 2 27 27 27 2) .i 2 270 0 20 .0 20 20 27 27 2HT DISCHARGED

Absence of REM STR Indicates
All Site Storage Tabulated

for Reactor 1 at Site

Infonnation Code for Individual Reactors for Tables F.6 and F.7.

l:0
C
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C
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Table F.6. Storage (with and without FCR), Discharges and Pertinent Information
for Individual Reactors Used in Data Base for 230 GWe Installed in Year 2000

B ALLENS CREEK NOUSTON POWER 4 LIGHT DERs1180N FLDs1992 CORE WTs146MT FUEL STRs OMT REM CAPS 556MT

T ISCHARSED
REM STR WD FCR 556 $56 556 527 498 469 440 410 374
#EM STR W FCR 410 410 410 381 352 322 293 264 227

P ARNANSAS 1 ARRANSAS POWER 5110HT CENs 850m FLO=1973 CORE WTs 83MT FUEL STRs SOFT REM CAPS 215MT

T ISCHARGED
REM STR WO FCA 414 387 341 295 248 202 149 96 43 -10 4 3 -117 -170 -223 -276 -329 -382 -435 -488 -541 -594 -648
#EM STR W FCR 334 308 261 215 169 122 69 16 -37 -90 -143 -196 -249 -3C2 -356 -409 -462 -515 -568 -621 474 -727

P A9 KANSAS 2 ARKANSAS POWER 4 LIGHT DERs 95CMW FL0s1978 CORE WTs 80MT FUEL Sfas CMT REM CAPS 219MT

T ISCHARGED

B BAILLY 1 NORTHERN !>O!ANA PUBLIC SERVICE CER= 66CMW F LD= 1987 CORE WTs 89MT FUEL STRs CMT REM CAP 338MT

H2) ligj Hgj 31; HU H13 Hi} 31g j],12 D3 Jilj p]] 31 322 HD H1$ HM H3} Ig.H93 Hgl q9(EAa
0 J 0 18 1 18 18 18 22 22 2 22 t uMT DISCHARGED

REM SfR WO FCR 338 338 333 320 302 234 266 249 226 204 182 160 138 115
#EM STR W FC# 249 249 249 231 213 19 5 178 160 1 38 115 93 71 49 27

P BEAVER VALLEY 1 DUJUESNE LIGHT CER= 852MW FLC9975 CORE WTs 71MT FUEL STRs OMT REM CAP =375MT
YE AR 32) jl=Q jl{J 11Q jfl} 1184 jjj) j9)( j9[2 J1M 19$9 jj92 Ji9] }}9? H9} H1$ 119) H9} %7113) j]92 HEQ
MT CISCHARGED 18 18 18 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 22 23 23 23
REM STR WO FCR 357 340 322 299 275 252 229 205 182 441 418 394 353 312 271 230 184 137 93 43 -4 -50
REM STR W FCR 287 269 252 228 205 18 1 158 135 111 370 347 324 283 242 201 16 0 113 66 19 -27 -74 -121

P BEAwER VALLEY 2 Cucuf SNE LIGWT CEPs 852N FLD s1988 C04E WTs 71MT FUEL STR= CMT REM CAP 283MT
YE AR 112} jilj f!,j H$,2 jij.} H11 H15 Hjj E32 ljf4 Hi} 1122 lilj 1122 3D H2$ lim Hi$ H92 li}} .1.11.9 HiQ
MT DISCHARGED 0 0 0 18 18 18 18 23 23 23 23 23 23

P BELLEFONTE 1 TENNESSEE VALLEY ALFHCRITY DEps1235MW FLD a *952 CORE WT 92MT FUEL STRs OMT REM CAPS 369MT

192} J.9=) 211] f;; f;} M14121) jfil f1? Ma{ Jil? 199) _f1.9j 199' 12f } j)3199jl!} 19S$ lil? li'] 11M QT E AR

S 0 0 23 23 23 23 31 31 11 1 31 31 31 31 31 31 3MT CISCA.RGED
REM Sia WO FCR 36 9 36 9 738 715 692 646 603 547 493 432 371 310 248 187 12 6 65 4 -58 -119
#EM STR W FCR 277 27/ 646 623 603 554 5G8 455 401 34 3 279 217 1% 95 34 -27 -89 -153 -211
P EELLEFONTE 2 TEmESSEE VALLEY AUTH0illTY D E N s 1235"W FLD s1984 CCRE WTs 92MT FUEL STRs OMT REM CAPS 369MT
YE AR J92} J2{j 11)J Jij,2 J91} 113 jl=J J01{ jjjj j"f Jjp j99) ]9}j H9; 34} H94 jp} jjjj jjj] 333 33 ggj
MT CISCNARGEO O O O 23 23 23 23 31 31 31 31 31 31 31 31 31 31

B BIS ROCK POINT CONSUMFRS POWER CEN s 72MW FLD 1962 CORE WTs 17af FUEL STR 12MT REM CAPS 26MT
YE AR H22 RU Hal 21:2 HD lili lill lill E!2123 D12 f.2.2111] H2212D 1123 lin 11211112 lill 111.! UM
MT DISCFAPGCD 4 4 4 4 4 4 4 8 4 4 4 4 * 4 17 0 0 0 0 0 0 0

REM STR WO FCR 22 18 14 9 5 1 -3 -7 -12 -16 -23 -24 -28 -33 -49 -49 -49 -49 -49 -49 -49 -49

REM STR H FCR 5 1 -3 -7 -12 -16 -20 -24 -28 -33 -37 -41 -45 -49 -49 -49 -49 -49 -49 -49 -49 -49

9 BL ACX FOX 1 PUBLTC SERVICE CF 0*LAs0MA CENs115CMW F LCs1986 (CRE b Ts153MT FUEL STRs OMT REM CAP =581MT
YE AR 322 JF.2111] H12 J11} J111 H15 !9.1% lill 1133 lof} J112 J11] 31; fi1} 11?? 21}} E2) 12i2 293 332 HM
MT CISCHARGED 0 0 0 31 31 31 31 31 38 38 58 28 M 38 38
REM S'N WO FCR 58 1 581 581 1131 1100 1973 1t 09 947 8 79 810 741 665 588 512 435
REM 9'R W FCR 428 428 428 978 948 9 17 8% 795 726 657 588 512 435 359 283

B CLACK FCX 2 PUBLIC SERVICE OF OKLA4"A DER s 1150MW F LD = 1989 CORE WT=153MT FUEL STRs OMT RFM CAP 581MT
YEAR lIII III2 l3II EI2 lU.} 131312Il 12f.5 UII UU EII 11191I131112 EU 1733 21) M912232 ITU 1123 UM-
MT DISCHARGED C 0 0 31 31 31 31 31 M 38 38 38

P ER AIDWC00 1 CONeiEALTH EDISON DER * 112% FLO 1982 CORE WTs 87MT FUEL StRs OMT REM CAP =347MT
(E AR 112] J112111] 11C 19]j J113 j.93} J1M 17j2 ]]]4 liR911M 119] Ji92 ji9} J184 J2]} j994 R92 R951992 EIQ
MT O!SchARGED 0 0 0 22 22 22 22 29 29 29 29 29 24 29 29 29 29 ;9 29
REM STR WO FCR 347 347 695 673 652 608 56 5 Ss5 464 407 349 292 234 176 119 61 4 -54 -112
PEM STR W FCR 261 261 f,05 586 565 522 478 428 378 320 262 205 147 90 32 -26 -81 -141 -198

P ERAIDWOOO 2 COMMCWEALTH EDISON DE N s 1120MW FL0s1984 COPE WTs 87MT FUEL STR= CMT RFM CAPS 347MT
YEAP 11]} 111] J1]J jl{j J11} J119 lid lij) 1132 J1$4 Jif) 11M lilj ]]]] J2}} jl}$ 331$ li1{ 1M2 jll) li}} 2%j
MT DISCHARGED 0 0 0 22 22 22 22 29 29 29 29 29 29 29 29 29 29

8 RROWS FERRY 1 TEmESSEE VALLEY AUTHORITY CER =1065MW FL0s1973 Co#E WTs153NT FUEL STRs 65MT REM CAR 3629MT
YEAR Jjl9 jlM jl]1 j9); jjj) j]I$ jff) j}$$ j9{2 j9M ljl9 jj]Q Hjj j9?; 19]] Hi$ J29) ]]961922 j}f} J19] HjQ '9

MT DISCHARGED 31 31 M 18 38 38 38 38 38 38 38 38 38 38 38 38 38 38 38 M 38 38
REM StR WO FCR 1858 1766 1667 1560 1453 1538 1224 1109 994 833 76 5 651 5M 421 337 192 78 -37 -152 -266 -381 -495
REM STR W FCR 1705 1613 1514 1407 1300 1185 1071 9% 842 727 6 12 498 383 269 154 39 -75 -190 -304 -419 -534 -648

B BRChe<S FERRY 2 TEtMSSEE VALLEY AUTHORITY DER =1065W FLD s1974 Cc'E Wis153MT FUEL STRs 26MT REM CAP 668NT

Eh EU Mll E12121) 11I3 MIS MI61232 I?M lili M12112313'? 111} 13231235 391 IU2 E13 II22 UUTE AR

MT O!$ CHARGED at 31 31 38 38 38 38 2 38 38 38 38 2 38 38 38 38 38 38 38 38 38

B BR0bNS FEPRY 3 TENNESSEE v&LLEY AUTHORITY DER 1065Mbi F L D = 1976 CORE WTs153MT FUEL STRs 42MT REM CAP =653MT
YEAR _1j,7,) JIII fjj 1232 Hi} J13) 12}} llM 113211M 1231212121] 1M7 HM 112$ Hi} D3j j}12 El$ lil? 2H2
MT CISCHARGED 31 31 31 31 31 38 38 38 38 38 38 38 38 38 38 38 18 38 38 38 38 38

B BRtPCWICK 1 CAPOLINA POWER 8 LIGHT DERs 821W F LDs1976 CCRE WT=112MT FUEL STRs 29MT RFM CAP 389MT
YEAR 32) MII Ell llI2111} 113% 11El lifi M3212M 19II 1DS EI31172122} 122% MD 1111 EI2 312I II22 UU
MT DISCHARGE 0 22 22 22 22 22 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
REM STR WO FCR 344 299 254 204 154 98 42 -14 -70 -126 -182 -238 -294 -350 -406 -462 -518 -574 -630 -686 -742 -798
REM STR W FCR 232 18 7 142 92 42 -14 -70 -126 -182 -238 -294 -350 -4C6 -462 -518 -574 -630 -686 -742 -798 -854 -910

B BPttsWICK 2 CAPOLINA POWER 4 LIGHT DEps 821m FLDs1974 CCRE WTs112MT FUEL STR* CMT REM CAPS OMT
119j Ji9} jl9} J19] ljjj jjjj HygYEAR Jilj H$) j]2. J}ig lijj Jij$ JII} jlM j9]] 19$4 Jjj} }}9) lijj j}})28 28 28 28 28 28 28 28 28 28 28 58 24 28 28 28 28 28 28MT DISCHAP6EO 22 22

P BYROt 1 Com0WEALTM EDIStee CER 1120MW FL0s1982 Co#E WTs 87MT Futt STRs OMT REM CAPS 347MT
YEAR 112] 1212121] 12121113111$ 121312M 25211M 12121229 Hij H12 H2] liit HD 11?i 1U2 lul 1122 2221
MT OISCMARGED 0 0 0 22 22 22 22 29 29 29 29 29 29 29 29 29 29 29 29
REM STR WO FCR 347 347 347 673 652 630 587 5 36 486 436 378 320 263 205 148 to 32 -25 -83
REM STR W FCR 261 261 261 586 565 543 500 450 3H 349 291 234 176 118 61 3 -54 -112 -170

P OWOM 2 ComumE ALTH EDISOM DERs1120W FLDs1985 CORE WTs 87HT FUEL STRs OMT REM CAPS 38 7MT

MT ISCHARGED
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Table F.6. Continued

P CALL AWAT 1 l#d!ON ELECTRIC
OER s1150MW F L D = 1984 CORE WTs 87MT FUEL STRs OMT REM CAPS 347MT

MT ISCHAREED 2 .REM STR WO FCR 347 347 347 326 304 283 26 1 580 551 522 472 421 371 320 263 205 148REM STR H FCR 261 261 261 239 2 17 196 174 493 464 435 38 5 334 284 234 176 118 61
P CALLAleAY 2 LR4 ION ELECTRIC

CERs1150MW Flo s 1991 CORE WTs 87MT Futt Stas OMT REM CAP =347MT
ISCHARGEO

P CALVERT CLIFFS 1 BALTIMORE GAS & ELECTRIC OERs 845N F LD s 1974 CORE WTs 98MT Futt STRs103MT REM CAPS 373MT
T ISCHARSEO

REM STR Wr0 FCR 324 775 218 16 2 97 32 -32 -97 -162 -227 -292 -3 % -421 -486 -551 -616 -680 -745 -810 -875 -940-1004REM STR W FtR 226 178 121 64 -0 -65 -130 -143 -2.;, -324 -389 -4 % -519 -584 -648 -713 -778 -843 -908 -972-1837-1102
P CALVERT CLIFFS 2 BALTINORE EAS & ELECTRIC Of es 845N F LDs 1976 CORE WTs 98MT FUEL Stas OMT REM CAPc OMT

T ISCHARGED . 3 3

P CAROLINA 1 CAROLINA P0kER 8 LIGHT DIR* 1250m F LD= 1994 C0et WT= 98MT FUEL STR= OMT REM CAPS 391MT
lill III21213 HE2110121$ Hl3 IIU HI.? IIA 01?II 1112 Hl.} H221113 Efi HI) IIII H2Z ll?I H2I USI

FI AR
MT CISCHARGEO

O O v 24 24 24 24BEM STR 2 0 FCR 391 391 781 757 733 684 635REM SIR W FCR 293 293 684 659 635 586 538
P CAROLINA 2 CAROLINA POWER 4 LIGHT DER s1250MW F L 0 = 1996 CORE WT= 98MT FUEL STR= CMT RIM CAP =391MTMAR

IIH EII IIII H32 HIl lili IIM 1216 HI.? lila 1?if H12 Hil H1211D 1111 H1211261121 lill H{t EU2MT DISCHARGED
0 0 0 4 24

8 CARROLL COLRfTY 1 CDPMotadEALTH EDISON DE a s 1180MW FLDs1993 CORE wye 146MT FUtt STDs OMT REM CAPa$%MTYM
122.21212 Hil HG 11U 121112U lill 121Z Ha5 I?if 11221111212 lii) 112$ H?) Hjt 12121235 IHf 2C0MT DISCHARGED

0 0 0 9 29 29 29 29REM STR W S FCR 5% 556 1113 1054 10 % 996 9 31 8 79REM STR W FCR 410 4 10 966 937 908 850 791 733
5 CARROLL COLs4TY 2 COMM744f ALTH EDISON Of R s 1180f'W F L D= 1995 CORE Wis146MT Futt f"= OMT REM CAP =556MTTE AR

HZI Hl.I 13I3 HC MI} llI.i 11 0 1111 I?H HEE HII HIS 1213 H22 IIH lili H9) 1U0 1122 11M 12?? EUIMT O!SCHARGED
0 0 0 29 29 29

P CATAWE;A 1 )UDE POWER
D E # s 1145* F L0 = 1982 CODE WTs 87MT FUEL STR= OMT REM CAP 347MT113 jjjj Jigj J}*211}} D14 j91} j)') J}$211M Hs9 JMg Hij Jj92 jl9} IMg 119} }}?} J19] 113) J?99 3;)YE AR

0 0 3 22 22 22 22 29 29 29 29 29 29 29 29 29 29 29 29
MT DISCHARGED
REM STR wo FCR 347 347 347 673 652 630 587 5% 486 4 36 378 320 26 3 205 M8 90 32 -25 -83#EM STR W FC# 261 261 261 SE6 565 543 500 453 399 349 291 234 176 1 18 61 3 -54 -112 -170
P CATAWELA 2 OUh E P0hER

DER = 1145m FLO 1985 CORE WTs 87MT FUEL Sins OMT REM CAPS 347MTW IIH IIII
31131132 H3.} IIIi 12011Il 1312 HM IM 11{2Q 121] 119I H9) Hii 1193 H?$ H921295 H32 U79MT DISCHARGED 0 0 0 22 22 22 29 29 29 29 29 19 29 29 29.

P (FNTRAL VIRf, INIA 1 AMERTCAN ELECTRIC COMPANY
DER 1250PW F L D= 1992 CORE WTs 9EMT FutL STRs OMT RIM CAPS 391MTVEAR jl7] }}{g }}*] liy 11)] HM J}M ji8) J1{] j]Ij jl{} J1],) J11] 11}] J19) }}}$ j99} H9) }}}] 1193 jlp [2]

*

MT O!SCHARGED
0 0 0 2+ 24 26 24 32 3.REM STR wo FCA

391 391 781 757 733 684 635 579 522REM STR W FCR
293 295 684 659 635 586 538 481 424

P CENTRAL VIRGINIA 2 AMERICAN ELECTRIC COMPANY
t[Rs 1250MW FLO s 19% COPE WTs 98MT FUEL STR= OMT REM CAPS 391MTMAR lid j,*M 11}j J112 H1} Mij MM EM Ji}} 11M J}{} H}) 111] Hj2 H}} Ji}} J1}} pig J}}} Mgg HM gjgMT DISCHARGED

0 0 0 24 24 24 24
P PHER0b[E 1 DLRE POWER D E R * 1280MW F L D * 1989 C0pt WT=108MT Futt STR* OMT REM CAP =434MTVE AR

lll) 1910191] 19C IIM 1113113.) 1916 jil? 1913 jjl? 1929191) 119; 119) J19% jl?} 119) lil? H931}1? 3;QMT O!SCHARGEO 4 0 0 27 2r 27 2r % % % 36 36RIM STR WO FCR
4% 4 % 1301 1274 1247 1166 1085 995 905 797 689 581atM SY* W FCR
325 325 1193 1166 1139 1058 977 887 797 689 581 473

P CHER06EE 2 CUPE POWTR
DE R = 1280N F L D = 1991 COPE WTs108MT FUEL STRs CMT REM CAP =434MTYE A8 1111 1112 1213 13M 110 111$

MT O!SCHARGEO HIS HIS 20213M HU 1119111] 13221131 II94113) H2% 1M 1130 H?3 ZES2
O O 0 27 2/ 27 2/ 36 36 36

P CNER0b EE 3 Duke POWER
OER= 1280m F LO = 18 71 CORE WT=108MT FUEL STR= OMT REM CAP 434MTVE AR 112] jil) 11$j HQ 19M jlb J11} 11M 1132 jl38 jll) 121) 1}1] jf12 jl}} H9) 19,9) I?}g H}] ji331}D gggMT CISCHARGED

0 0 0 2i 2/ 21 2r 36 36 36
B CLINTON 1 ILLINCIS POWER

DER = 950m FLO s1984 CORE Wis118MT FUEL STRs OMT REM CAP =450MTYEAR HZ112101111112 I?M lili I?M !!!6 lyZ 123' 12!1112011?] 192 ID3 H9911$5 H21 H221U5 H22 U20MT O!SCHARGFD 0 0 0 .4 2s 24 24 24 % 30 lo 33 50 30 33 30 MREM STR wo FCR 450 450 450 426 403 379 356 782 752 723 670 616 563 510 457 393 338REM STR W FCR 332 332 332 3c8 28 4 261 237 664 634 604 551 498 445 392 338 2'. 220
B CLINTON 2 ILLIN0!$ POWER

DER 950MW F L O * 1991 CORE WTe t t3MT FUtt STR= OMT REM CAP =450MTvia HZ2I?l2 Hij HEliU 121111D lih H511154111211.12121] 112212D liti 11!3 J296 H!I H13 Hit M99MT DISCHARGED
0 0 0 24 64 24 24 24 30 30

P COMANCHE PEAK 1 TEXAS UTILIT!ES GENfRATING DE R =1150P64 FLO*1981 CORC WT= 87MT FUEL STR= CMT REM CAP =%7MTvtAR
11H H32 lill 1212113} 121$ H351216111}7 IfM H:_9 H201DJ 12?2 H231191 lill li?i 1212 IUS Hif U21MT O!SCHAPGED 0 0 v 22 22 22 2 29 29 29 29 29 29 29 29 29 29 29 29 29REM STR WO FCR 347 347 347 326 652 650 608 558 508 457 407 349 292 234 176 119 41 4 -54 -112REM SIR W FCA 261 061 261 239 565 543 522 471 421 370 320 262 205 14 7 90 32 -26 -83 -141 -198

P COMANCHE PEAK 2 TEXAS UTILITTk2 GENERATING DE R =1150MW F LO = 1985 CORC hts 87MT FUEL STR= PMT REM CAPS %7MTYEAR

HZ] 111211M 11)* rW 11M Hi} 121) 123] HM lil? ligg }}}) 102 11}} 12]9$ IM)1126 3DJ 103 Hgj ZgjgMT O!$ CHARGED 0 0 0 22 22 2 22 29 29 4 29 29 29 29 49 29
P COCK 1 ItCI ANA 8 MILNIGAN ELECTRIC OtRs10%m FL0s 1974 CORE WTs 47MT FUEL STRa 58MT RtM CAP =167MTYt AR l}2} 12f2 H5] 1232 HD Hli 121) 1236193Z Iff4 HM H2O JU' Iffl 121) H29 H2} 1111 JDZ IMS H}] MggMT 0!SCHARGEO 22 22 29 29 29 29 29 29 29 29 29 29 24 d 29 29 29 29 29 29 29 29
REM STR wo FCR 843 821 792 764 735 706 677 648 620 591 562 533 504 476 447 418 389 360 332 %5 274 245REM STR W FCR 7% 734 706 677 648 6 19 590 562 533 504 475 446 4 18 389 360 331 302 274 245 '16 18 7 158
P COOK 2 !POIANA 6 MICNIGAN ELECTRIC DER =1100m FL0s1977 CORE WTs 47MT FUEL STRs OMT REM CAPE %7MTYt AR

HZ} 1M9121] 1212 Ital 11M^ 115) IM6121Z I?M E1111291211 IU2 H3J 11M I?351126 H221126 liff 2299MT O!$CHAPGEO e 22 2z 22 22 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 a 29REM STR wo FCA 347 326 304 283 261 2 32 203 175 144 117 88 59 31 2 -27 -56 -85 -113 -142 -171 -200 -229REM STR W FCA 261 239 217 196 174 145 117 88 59 30 1 -27 -56 -85 -114 -143 -171 -200 -229 -258 -287 -315
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Table F.6. Continued

S COOPER NECRASEA PUBLIC POWER DISTRICT DER 778N FLD = 1973 CORE WT*110hr FUEL STRs 57MT REM CAP =416MT
VEAR jf]] 11 H j jl12 R$} 121% 33) j9861917 jl8_4 Hj] ~199] E91 }}92 jl9) j]?$ j}9} J29} jl97 jj9$ jl}} gg1]
MT CISCkAPGEO 22 a s7 21 21 21 21 21 2i 27 21 21 21 27 21 21 21 27 21 27 27 21

REM STR WO FCR 394 372 345 3 18 290 263 235 208 tal 153 126 98 71 44 16 -11 -39 -66 -93 -121 -148 -176
REM STie W FCR 285 263 235 208 18 1 153 126 98 71 44 16 -11 -39 -66 93 -121 -148 -176 -203 -230 -258 -285

P CRTSTAL RIVER 3 FLCRI3A POWER CORP. OEps 825m FLDs 1976 CCRE WTs 80MT FUEL STRs 2MT REM CAPS 113MT
H22 339 H$j H;2111} l?M 12M H5% HE lif4 HI9 H91 H2J 11?? *.12J HI$ HM Hit HP Hil .W.1. 22faT E AR

MT DISCHAPGEO 20 20 20 20 21 21 21 21 27 21 21 21 27 27 27 21 21 27 si 27 21 21

REM STR WO FCR 502 4S2 462 442 416 389 363 136 310 283 257 230 203 177 150 124 97 71 44 18 -9 -36

REM STR W FCR 422 402 383 363 3M 310 283 257 234 203 117 150 124 97 71 44 18 -9 -36 -62 -89 -115

P OAWIS BESSE 1 TOLEDO ECISCN DER 906MW FL0s1976 CC#E WTs 80MT FUEL STRs OMT REM CAP =117M-
YEAR jjlj jjjj ji!j H*2 l__1} Q98 j91} Hlj j917 jl*4 339 j990 JL92 j99] j993 jj9} ji91 1997 jl93 j_9,,9_9, 29.0g9

MT DISCHAPGED 20 20 20 23 21 21 21 27 21 21 21 21 27 21 27 21 27 Qi 27 27 21s

REM STR WO FCE 311 291 271 252 225 198 172 145 119 92 66 39 13 623 597 570 504 4 38 372 306 226 146
REM STR W FCR 231 2 12 192 172 145 119 92 66 39 13 -14 -41 -67 544 517 491 424 358 292 226 146 67

TOLEDO EDISm DEPs 906N FLOs 1992 CCRE WTs 83MT FUEL STRs OMT REM CAPS 319MTP OAVIS 6 ESSE 2
322 H:.21153 HIZ H3J liit 215 HM H32 list lill lila Hil JH2 HD Hi$ E!11291312 H1311?2 2222T E AR

0 0 0 20 20 20 20 27 27MT DISCkANst3

TOLEDO EDISON DER: 906MW FLO 1992 CORE WTs 80MY FUEL STRs CMT REM CAPS 319MTP OAVIS BESSE 3
H2} l?M lill HI2 llIl l?I$ 11U I?II HI2 HI4 HE21112 lill HI2 HU D13.12?) llD H92 H1I 1129 29YE M

0 0 0 20 20 20 20 25 21Mi DISCHARGE 0

P CIABLO CAhYCH 1 PACIFIC GAS 8 ELECTRIC CER s1084MW FLDs 1979 CCRE WTs 87MT FUEL STRs CMT REM CAPS 347MT
j92} 19fj Hij j932 J2I} jlM HM 19*j 1932 j9j4 339199] jijj j992 j99] J.734 lid diD E12 lilI H9I 2$2)YEAR

MT CISCHARGED Q Q 0 22 22 22 22 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29
REM STR WO FCR 695 695 695 652 6C8 565 522 464 407 349 292 234 176 119 61 4 -54 -112 -169 -227 -284 -342
REM STR W FCR 608 6CS 6C8 565 522 478 435 378 320 262 205 147 90 32 -26 -83 -141 -198 -256 -314 -371 -429

P DIABLO CANYCN 2 PACIFIC GAS & ELECTRIC DER s 1106MW FLO 1979 CC#E WTs 87MT FUEL STR= CMT REM CAP 347MT
jifg HD 19=$ 19?? ji'41939 j299 H9] J292 ji9} ji14 jl9} 11961992 jjj$ j91} 30]9YE AR 2922 H12 Hij 1112111]

2. 22 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29MT DISCHARGE 0 0 0 0 22 22

8 DRESCEM 1 C0FMC%EALTH ECISON CENs 20MW FL0s f 959 CORE WTs 93MT FUEL STR 44MT REM CAPS 9CMT
YEAR H7) 11!] Hij H'2 HI} HM 19$} ji!) H3] jj'4 li'9199] jl2] JJ22111} 199) 119} Jilt 1192 ]]9} lil? M99 9

MT DISCPARGED 23 23 23 23 23 23 23 ?3 23 23 23 93 0 0 0 0 0 0 0 0 0 0

FEM STR WO FCR 1293 1197 11G2 1CC6 910 815 71 6. N 528 432 337 172 99 27 -46 -118 -190 -263 -335 -408 -480 -552
PEM STR W FCR 1148 1C 52 957 861 766 670 57- 47 383 238 192 27 -46 -118 -190 -263 -335 -408 -480 -552 -625 -697

8 CRESSEN 2 CCta*C%E ALT 1 EDISON DER 794N F LD = 1971 C09E WTs145MT FUEL STRs214MT REM CAP 354MT
YE AR 19H J21] H11 H*] j91} jim Hi} 19jj j91219!4 jl*9 j]lg 39] j992 Ji?] jjig 119} jjjg ]]9] jf}} 199] 2[pg
MT CISCNARGED M M M M M 36 M M M M 36 36 M M 36 36 % M 36 36 M M
8 C7ESOIN 3 CC'*CNWEALTH EDISCN DER 794N FL0 s1970 CCRE WTs145MT FUEL STRs CMT REM CAPS OMT
TEAR lill 311S liU HI2 liU li'$ l?Il HIS HI21174 li!! 1122121] 1112111} His 1115 lih H1211231112 2219
MT DISCHARGED M 36 M M M M 36 M 36 M M 36 M M M 36 M M M M 36 36

B OUANE APNGLD ICWA ELECTRIC POWER 4 LIGHT DER: 53SN F LD = 1974 CCRE WTs 74MT FUEL STRs 55MT REM LAP 355MT
YE AP 113 lil2 Hil 1132 213} 11M lill lin 111211'4 li'9 H12 !!11 Hi2119} Hit Hi512M 1122113511?? M2
MT DISCHARGED 15 15 15 18 13 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18

REM SIR WO FCR 340 325 310 292 274 255 237 218 200 18 2 16 3 145 126 108 90 71 53 34 16 -2 -21 -39

REM STR W FtR 266 252 237 218 200 182 16 3 145 126 108 90 71 53 34 16 -2 -21 -39 -58 -76 -94 -113

B ENRICO FERMI 2 CETROIT EDISON SER31123FW F LD s 1981 CCRE WTs152MT FUEL STRs ONT REM CAP =579MT
1[ AR lill H12 lilj HI2 l!U H36 HI) H M 1D2 llI4 HI3 1139 11'] 119 liU Hli 1191 li'i 1122 12jl Hi? 2I23
MT DISCNAPGED 0 0 0 30 30 30 30 30 38 38 38 38 38 38 38 31 38 38 38 38
NEM STR wo FCR 579 579 579 549 5 t8 488 458 427 389 351 313 274 236 195 160 122 83 45 7 -31

REM STR W FCR 427 427 427 396 366 3M 305 275 237 198 160 122 84 46 7 -31 -69 -107 -145 -184

P ERIE 1 CHIO EDISON CC'tPANY DER 125CFW F LD = 1992 CCRE WTs 98MT FUEL STRs OMT REM CAP *391MT
YE AR liZ] 1112111] J212111] lili jl{} 19'ti 113211% 1111 lilj J2ij lij2 H2} H23 j99} j]91 j99217331299 29
MT DISCNARGED 0 0 0 24 24 24 24 32 32
REM S'e WO FCR 391 391 781 757 733 684 635 579 522
NEM STR W FCR 29 3 293 684 659 635 586 538 481 424

P ERIE 2 CHIO ECISm COMPANY dea s 1250MW FL0 s 1994 COPE WTs 98MT FUEL STR CMT PEM CAP =391MT

YE AR 11221112 Jill 2112111} j913 jid 1216 j9321914 HI2 jlij 192j lil2 jl?} 1919 J2?] 192111911793 H22 2219
MT CISCHARGED 0 0 0 24 24 24 24

P FARLET 1 ALABAMA POWER COMPANY DER: 829MW FLDs1976 CORE WTs 7WT FUEL STW DMT REM CAPS 304MT

YEAR 122] J21Q jllj j]!2 jlU jili 113} jl!$ J217 I?I4 H'9 jl19 Hij fl92 jl2} 1194 H931991 jl?7 jj]$ j912 2129
MY DISCHARGED 18 18 18 to 23 23 23 23 23 23 23 23 a 23 23 23 23 23 21 23 23 23
REM STR WO FCR 286 551 534 516 8'S 434 393 352 306 259 212 E 118 72 25 -22 -69 -116 -162 -209 -256 -303
REM STR W FCR 2 16 481 463 446 405 364 323 282 235 188 141 95 48 1 -46 -93 -140 -186 -233 -280 -327 -374

P FARLEY 2 AL ABAMA POWER COMPANY DERs $29MW FLDs1980 CORE WTs 71MT FUEL S'Rs OMT REM CAPS 283MT

YEAR 1122 lIII 111312II llI} lifi IIU HM lill 12}I IU? 1119 Hil 1122129} I??i JI?} 1111 IIII 1190 213 222I
MT DISCHARGED 0 0 0 la 18 la la 23 23 23 23 23 23 23 23 .23 23 23 23 23 23

8 FITIPATRICK POWER ALTHORITY OF STATE CF NEW YORK CERs 821N FLOs1974 COPE Wis112KT FUEL STEs $4Mi REM CAPS 98MT
E79 H!) l93] jfj2111} 1?{} jjl} jilj 1132 lig 1919129) 199] H?2199} 119% J2911116 J2221795 jl19 2729TEAR

MT DISCHARGED 22 22 22 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28 28
REM STR WO FCR 328 306 283 255 227 199 171 14 3 115 87 59 31 3 -25 -53 -81 -109 -137 -165 -193 -221 -249
REM STR W FCR 216 194 171 143 115 87 59 31 3 -25 -53 -81 -109 137 -165 -193 -221 -249 -277 -305 -333 -361

P FORFED RIVER JERSEY CENTRAL POWER & LIGHT DER =1070m FLD=1987 CORE WTs 98MT FUEL STRs OMT RFM CAPS 391MT
122} 129) Q7 jji$ jlgf g219

YEAR 1]]) 1912111] I?'2 HBJ l9{j H{} J21) jl)2 jil) jly 111) litj Jjl2 jii} jjj9 9

MT DISCHARGED 0 0 v 24 24 24 24 32 32 32 x 32 32 32
REM STR WO FCR 391 391 39 1 366 342 318 293 261 229 196 164 131 99 67
REh STR W FCR 293 293 293 269 244 220 196 16 3 131 99 66 34 1 -31

P FT. CALHOLN OMAHA PUBLIC POWER DISTRICT DERs 457MW FLD=1972 CCRE WTs 60MT FUEL STRs 71MT REM CAPS 147MT
HZ1120 HAJ Et212H Hit 1152 HM H32 HM lia? 1122 Hi11112112} 112t 1215 lin Hp Hil Hi? 22.29YEAR

MT DISCNARGED 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 s0 20 20 20
REM STR WO FCR 127 107 87 68 48 28 8 -12 -32 -51 -71 -91 -111 -131 -150 -170 -190 -210 -230 -249 -269 -289
REM STR 4 FCR 67 47 27 8 -12 -32 -52 -72 -91 -111 -131 -151 -171 -190 -210 -230 -250 -270 -289 -309 -329 -349
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Table F.6. Continued

P FULTON 1 PHIL ACELPHIA ELECTRIC
CER=1250N FLOs 1994 CCRE WTs 98M* FUEL SYps OMT REM CAPS 391MTYE AR

112219f2113J 11'2 HD 12M 123.) IIIs IM2 EM 1212 Hij 121] 222 32] R_9j 11M M241212 Mij H99 MjMY CISCHARGED
REM STR n o FCR u 6 3 24 24 24 2w
REM STR H FCR 391 39 ' 781 757 733 684 635

293 293 684 659 635 586 538
P FULTON 2 PHILA3ELPHIA ELECTRIC

DER = 1250N FLDs1996 CCRE hts 98MT FUEL STws OMT REM CAP =391MTYEAR
lift 11121231232113] Hit lij) 12M E!2 MM H12 Hij 111] 1222 30 lili HM R3g E712131121 Ef2MT DISCHAPGEO

u O O 24 24
P 6!?RtA RC, NESTER EAS 4 ELECTRIC

QFRs 490N FLOs1969 CORE WTs 54MT FUEL STR3 70MT REM CAP:M8MTYE AR

11231129111] 11N ]21311*d 11*} 19?k Itil h|411*u91119119] 1212199} 121t I9Q9 112k 1122 lits B2} U2QMT DISCHARGED 18 18 18 18 18 18 18 i8 18 18 1h 18 18 18 18 18 la 18 18 18 13 54#EM STR W 0 FCR 18 3 16 2 144 126 1C8 90 72 54 36 18 -0 -18 -% -A -72 -90 -108 -126 -146 -162 -120 -235REM STR W FCR 125 107 89 71 53 35 17 -1 -19 -37 ~55 -73 -91 -109 -127 -145 -163 -181 -199 -217 -235 -235
8 GRA?C GULF 1 MISSISSIPPI POKER 8 LIGHT CEP s 125CMW FLOs1981 CCRE WTs157Mr FUEL STRs CMT REM CAPS 596MTTE AR Dl} Hij 123) 112; HI) 131) H!} 19*j 1117 lif$ 123? 2120 jl92J H22 H2j 122311M 393192 j]23122} 230MT DISCHAPC. 0 0 0 31 31 31 31 31 37 39 39 39 39 39 39 39 39 39 39 39cEM STR W'O .2R 596 596 596 565 533 502 1066 1335 996 925 855 784 713 643 564 4% 408 329 251 172REM STR W FCR 439 439 439 428 376 345 9 13 8'8 839 768 698 627 557 486 408 329 251 172 94 16

B GRA?O GULF 2 MISSISSIPPI POLER 4 LIGHT
DER = 1250"W F L D = 1987 CCRE WT=157MT FUEL STRs CMT #EM CAPS 596MTYE AR 121} 211,} H3121; 11M 13M HM J2;} 133112f,3 lig} lil] 112] lig 113} J293 333 l}}) 133212951229 2GOMY DISCHARCEO 0 0 0 31 31 31 31 11 39 39 39 39 39 39

R GREEN COUNTY FCdER AU?H091TY OF STATE OF NCW YOW DE R = 1250% F Lo s 1994 CCRE WTs 98MT FUEL STRs CMT REM CAP =391MTYW Oli mil
12.1113U A!.U MII 110 lill 21213141312131912.2111.3212.2.} 121s 112511211217.11231??2, 222MT LISCHARGED

0 0 0 24 24 2 24FEM STR W,0 FOR
391 391 391 366 342 318 293PEM STR W FCR 293 293 293 269 244 220 196

P C9EEWOCO 1 CETFOIT ECISDN CE p s 1250% F LC s1992 CCDE WTs 9EMT FUEL ST9 CMT REM CAPS 391MTYE AR

133 3M 1111111211M JWd 31) lili 1112121312121112 Hij 12.12111} H~4 HM J121 JJ22111} JL9g 2M9MT CISCHAPGED
0 3 3 24 24 24 24 3. 32REM STR Weo FCR

391 391 391 757 733 738 660 603 546REM SIR W FCR 293 293 293 659 635 611 562 535 449
P GRE[W(XQ 2 DETWOIT EDISON

DERa t25CW FLC 1995 CCRE WTs 98MT FUEL STRs OMT REM CAP =391MTYE L'
122.1212111111212U 1111 ED EM E1212M 5:21212 H21112211D R2111D 1?211122 HM 1922 22iGMT DISCHARSE3

0 0 0 24 24 24
P H200AM NECx CCWECTICUT T AN5 EE ATOM:C RCAER CEps 575N FLD a t967 CC9E WTs 71MT FUEL STRs130MT REM CAPS 396MT
T E &R

E3 liH 111112I2 EM li'I % 12Is 1132 I1M HU 1210 Hi] liN 119) "94 M9) HM 1127129I 9 U2923 23 23 23 23 23 7 3 23 23 23 23 23 23 23 23 23 23 23 23 11 0
MT DISCHARSEC
REM STR W 'O FOR 373 349 326 ;30 279 256 2 32 2C9 18' 162 139 115 92 68 45 22 -2 -25 -49 -119 -119 -119REM S'9 W FCR 32 279 255 2!2 2C8 185 162 138 1 15 91 68 45 21 -2 -26 -49 -72 -96 -119 -119 -119 -119
R NMRIS 1 CAROL!ba P%ER & E IGHT CERu 915N FLDs 19%T CCPE WTs 71MT FUEL STRs CMT REM CAPS 283MTYE M

191] 121) lill 1112121] 121$ E} MIk 332 MI41132112] 119] H2] 19) 32$ 31} 123$ M17 Mi$ llMMT CIscHARGE3 0 0 0 18 4 18 18 23 22 25 7 23 23 2sEM STR WO FCR 283 283 283 548 1C95 10 78 1043 967 $91 815 733 6 39 $45 452BEM STR W FCR 2 12 2 12 2 12 477 1325 1007 972 8 96 800 744 662 568 475 38 1
P HueIS 2 CAPOLINA PCVER 8 LIGHT CER* 915N F LD s 1990 Ccpt WTs 71MT FUEL STRs OMT REM CApu283MTTE a*

l}Z) EM 111] 2112111] I?ii $M 11I.{ 12].11114 Mf2112212.2J 112.2112} llh 11?} 1294 H12 H931112 2.32MT CISCHAsCED 0 0 0 to 18 18 18 23 23 23 23
R HAoRIS 3 ;APCLINA PCLER & LIGHT

CES: 915m F LC s 1991 CcRE WTs 71MT FUEL STRs OMT REM CAP *283MTTW
M2.132U 2.111312 2U UI.S lin E11111212M 11121112 lill 123211131193 llM li2t lill M1311F GMMY DISCHARGED 0 0 0 18 18 18 to 73 23 23

P HARRIS 4 CAROL!MA FNER 8 LIGHT DER = 91*% F LD s1991 CORE WTs 71MT FJEL STR OMT SEM C APs283MTW 1311 1312 2.11 lin llU lili lid lili lil? 1212 lil2 lill 1122 li!J His ID lift lill 1151 lill 202MT DISCHARSED
0 0 0 18 18 to 18 23 23 23

8 HARTSVILLE A-1 TE.*4.SSEE VALLEY AUTHORITY DER = 1205W FLO s1954 COGE WT 146MY FUEL STRs CMT REM CAP 556MTY E AR 3171 j9M lill 1112 ll*]1113 HD 1216131219f4 fj21199 JD} 1292119} J224129} 1991 JL97 j92) 11L9 UM9MT CISCHA90t3 0 0 3 29 29 29 29 29 37 37 37 37 37 37 37 37 37REM STR W/0 FCR
556 1113 1669 2196 2138 2050 1934 1817 1693 1561 1422 1276 1129 983 8 36 654 544PEM STR W FCR 410 966 1523 2053 1992 1934 1787 1673 1546 1415 1276 1129 983 4% 690 544 397

8 HARTSvILLE A-2 TE*ESSEE VALLEY AUTCITY C EN s 1235MW FLC N86 CCRE WT 146MT FUEL STRs OMT REM CAR =556MT'm
1112 213 RU 212 HD lin HD 111b 1917121412n lim ID3 B221925 D2411'S 122612211Di 211322MT DISCHARGE 3 0 0 1 29 29 29 29 29 37 37 37 37 37 Ji 37

8 NASTSVILLE B-1 TEmESSEE VALLEY AUTHORITY DERs12C5N FLO 1985 CCRE WTs146MT FUEL Sten OMT RE*1 Caps 556MT
YE A8 121311M 111312E 111.3 R11 H*) Hli H12 31111232 D20 Hij H?2 H2.} 111911D 1221 lill 1123 H22 2.P9
MT DISCHARGED 0 0 0 29 29 29 29 29 37 37 37 37 37 37 37 37
8 HARTSVILLE B-2 TDe4ESSEE VALLEY AUTHORITY CER =1205N F L C = 1987 CCRE WTs146MT FUEL STRs OMT REM C AP=556*fTYE AR lilj lilj M1] 1112 HM fii lid 11M Mil MI412121?29122] JP2112) 1223129} li!) 121Z M23112] E12MT c:SCHAPGED 0 0 0 29 29 29 29 29 Si Si 37 37 31 37

8 HATCH 1 GEOPGIA PCWER DER: 717N F LDs 1974 CCRE WT=112MT FUEL STRs $2MT REM CAP =116MTvm 1122112 Eq H"2 M33121t ED litt 1152 EM 1112 H22 lill 21211231119 liti 15611221125 H12 2229
MT CISCHARGEO 22 22 2. 28 28 28 28 28 28 28 28 28 IS 28 28 28 28 28 28 28 28 28REM STR WO FC# 318 295 250 200 150 99 49 -7 -63 -119 -175 -231 -287 -343 -399 -455 -511 -567 -623 -679 -735 -791REM STR W FCR 206 18 3 138 88 38 -13 -63 -119 -175 -231 -287 -343 -399 -455 -511 -567 -623 -679 -735 -791 -847 -903
0 hATCM 2 GECRGIA POWER

DER: 822MW FLo*1978 CORE WTe112MT FUEL STRs OMT REM CAPS 224MTYW II22 12I2 1213 IIM HIl 110 IIO E!6 lil2 IIM HII I?22 Ell H12 1213
Hit IID H2s 11}82 lila H12 EEE|MT DISCMARGEO 0 0 22 22 22 22 22 28 28 28 28 28 28 28 28 28 28 28 28 28 2a5

P NAWEN WISCONSIM ELECTRIC POWER DERs1250m Fl0:1995 CcRE WTs 98MT FUEL STRe OMI REM CAPS 391MYYN
11221112 H J DIZ HIJ liai lH5 lill RC2 MM 1112 lill lill 1112 lin lili 11D lili 1212 H251122 2E2MT 2fSCNAPGE3

0 0 0 24 24 24REM STR WO FCR 391 391 391 36 6 342 318REM STR W FCR 293 293 293 269 244 220

v oo bqu".qq i - ry e

%
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Table F.6. Continued

B NGPE CREEK 1 PUBLIC $ERVIC 6AS & ELECTRIC OF NJ DE R = 1067N FLO 1988 LORE WTe153MT FUEL STRs OMT REM CAPE 581MT
M AR HZ212121111 Hs2 H3) H1.9 H3.5 2211212 HM 120 Hi# 111J 3921123 m$ H?) HM lill 1196 H.?? 202
MY CISCMARGED 0 0 0 31 31 31 31 31 M M 38 38 M
REM STR WO FCR 581 581 1162 1131 1108 1039 978 917 8 48 779 703 626 550
REM STR W FCR 428 425 1009 978 948 886 823 764 695 626 550 474 397

8 HOPE CREEF 2 PUBLIC SERVIC GAS & ELECTRIC OF NJ DER s 1067N F LD * 1990 CC9E WTs153MT FL;EL STRs OMT REM CAPS 581MT
T E AR 17.221212 Mil li:21113 His Ht3 22.1113111:4 52212M 12.2J H12 H!3129$ H2) l?!t 12R 11?3 H2? 30
MT DISCHARGE 3 0 0 0 31 31 31 31 31 38 38 38

& HUMSOLDT 8AT PACIFIC GAS 8 ELECTRIO CERs 65FW F L c = 1962 CecE WTs 34MT FL,EL STR= 50MT REM CAPS 47MT
H AR jfl? l?i2 lili 121 11El 11Eh 1103121h 122112141?i? 11?) 1111 E12 H2) 191h lilk 112k H21111% 11112 29
MT CISCHARGED 9 9 9 9 9 9 9 9 9 9 9 9 9 9 34 0 0 0 0 0 0 0
RIM SIR WO FCR 39 30 21 13 4 -4 -13 -22 -30 -39 -47 '6 -65 -73 -108 -103 -1C8 -1C3 -1C8 -1C8 -1c4 -108
RLM STR W FCR 4 -4 - 13 -22 -30 -39 -47 -56 -65 -73 -82 -90 -99 -1C8 -138 -108 -1C8 -108 -1c5 -TC8 -108 -1c8

P DCIAN PCIhf 1 CONSOLICATED EDISDN CEps ON FLD 1961 CCRE WTs OMT FUEL STRs MMT REM CAPS 301MT
YE AR 1919 gg 193j y*; Jg;) 3341933 3;p J9*71,j3 y*3 pJp M9 lg92 31} 331133 Jigj 119] 1933 31] gg;g
MY DISCHARSE3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

REM STR WO FCR 301 301 301 301 301 301 .301 301 301 3c1 301 3c1 e:01 301 301 301 301 3C 1 301 301 301 301
REM STR W FCR 301 301 301 301 301 301 301 301 301 301 301 301 301 301 301 201 301 301 301 301 301 3;1

P INDIAN POINT 2 CONSOLI"ATED EDISCH DER = 873MW FLDi1972 CORE WT* 87MT FUEL SIR = 5SMT RE M C AP= 158MT
YEAR j Q jig; j!1J 198; 111] Rf 4 jjl} J}}$ j!H 33$ 1999 39g 39) J932 lj9J g 119) pg 1992 }}i$ J939 gj
MT CISCHAPGED 2, 29 29 29 29 29 29 29 29 29 29 29 2, N 29 .9 29 29 29 29 29 2,

REM STR WO FCR 129 100 71 42 14 -15 -44 -7 3 -102 -131 -159 -188 -217 -246 -275 -3f:3 -332 -361 -393 -419 -447 -476
REM STR W FCR 42 13 -16 -45 -73 -102 -131 -160 -189 -217 -246 -275 -304 -333 -361 -3,0 -419 -448 -477 -505 -5 % -563

P INDIAN PCINT 3 CONSOLIGATE0 EDISON CEn= 873N FL D = 19 75 CCRE WTs 87MT FLEL STRs 29MT REM CAR =348MT

319 HIl HQ 13N 13Il 1114 [.3.f111*i 11U f*3 IIM ll'21321 M32112) H29119} IIM 1132 21'3113? ESI9YEAR
22 22 2. 29 29 23 3 29 29 29 3 3 Ol D D 2D i9 29 29 29 29 29NT DISCHANSED

REM STR W. 0 FCR 326 305 283 254 225 197 168 139 110 81 53 24 -5 -34 -63 -91 -120 -149 -1''8 -207 -235 -264
REM STR W FCA 239 2 18 195 16 7 139 110 81 52 23 -5 -34 -63 -92 -121 -169 -178 -237 -236 -2t5 -293 -322 -351

P JAMESPORT 1 LCr3 ISL A50 LisaTIV: DE R = 1250N F L D s 1994 CCRE WTs 98"Y FLEL STR= OPT REM 2AR=391MT
UM 1131212 lill 1112111] liI) 11Il lill 111? 11*d 111211121111 lill 111} HM 132) Jil) 12M 12131112 UIl
MT CISCHARGEO O O 0 24 24 24 2 a2 32
REM STR W 0 FCR 391 391 391 757 733 703 660 603 546
PEM STR W FCR 293 293 293 659 635 611 562 503 449

P JAMESPORT 2 LCNG ISL AND LIGHTING DER s 1250PW F LDs 1995 Cope WT= 9 MT FUEL STR= CMT SEM CAPn391MT
YE AR 1112 Hi.2 H12 H12115J 11M '.112111* .12 lifa li.11 lin 111212.12 HIJ lili 1512 lih H12 21?3112! 2.E;9
MT DISCHARGEC 0 0 0 2* 24 2*

P F EWAt.R.E E WISCONSIN FUELIC SERVICE CER 535ew FLc= t973 CCoE WTs 54"T FUEL STRs 54MT REM CAPS 22h(
l}I21132 plj 12f; li'),11;j Jifj H'$ I?*? 19.M lij? 111] 191] 12]] 11}} 11M 31) 11b 111] }}.?} 1332 gjjg1 E AR

14 13 18 18 6 18 1% 18 LS 18 18 18 18 '8 18 18 18 ;8 14 18 18 18FT DISchAFGED
REM S'R W 0 FCR 378 16 0 342 324 306 ISS 270 252 234 216 198 180 162 144 126 108 90 72 5* 36 18 0
#EM STR W FCR 324 3n6 233 270 252 234 216 198 13G 16 ? 144 126 108 90 72 54 36 18 -0 -18 -36 -54

E L A(MSSE D A!9 YL AND PCWE R OER 50N F L D = 1968 CORE WTs 14MT FUEL STR= 23MT REM CAP 4MT

YEM 11221232 MIJ 111] lj!] lim 121) 111612|$7 jj3) 1113 l}]; 1111 j.192121} lib Si} fill 119' j9]] 1919 MJ
MT DIOCHARGES 4 4 4 4 4 4 4 4 4 6 4 4 4 4 4 4 4 4 4 4 14 3

REM STA W 0 FCR 62 58 55 51 47 44 40 37 33 29 24 22 ?9 15 11 & 4 1 -3 -7 -21 -21
SEM STR W FCR 47 44 40 37 33 29 26 22 19 15 11 & 4 1 -3 -1 -10 -1s -17 *21 -21 -21-

CC DE R z 1C78N F L D - 19 79 CJRE ETs153Mt FUEL STA: OMT REM C AP=58'MT8 L ASALLE 1
lj7} ]]*ty p'"G.%EALTH EDISONjj J9}} }}]} }}{4 ]98) jl?_$ ]!] H*.$ 198919N 119] jl17119)$ MJ) jf]$ g*199} 19}9 U.*j1 EAR

MT DIECMCED 0 0 0 31 31 31 31 31 M 2 38 38 33 35 38 8 38 M $8 M 38
#EM Sie WC FCR 581 1162 1162 1131 1C70 "C9 947 8*.6 817 74t 665 5'8 512 435 359 283 206 130 53 -23 -99 -176
REM STR W FCR 428 1G;9 1C09 978 917 8 56 795 733 665 588 512 435 359 283 206 130 '53 -23 -99 -176 -252 -329

R LASALLE 2 CO'R*0mEALTM ECISON DER 1078N FLDs M83 CORF WT*153Mr FUEL STA: CMT REM CAPS 581MT
1 EAR MZ2 l}1] 113] 2112111] H3) lifj DIl jl5211*4 JR11329113] 1192 39) J2941955 l?lt 119? 11131921 GO
MT DISCHAFGED 0 0 0 31 31 31 31 31 38 38 38 38 38 38 38 38 38 38 38 M 38

6 LIMERICK 1 PHIL ACELRWIA ELECTiiIC DER 1C55N F LD s 1S86 CORE WT=153MT rdEL STR2 OMT REN CAPS 581MT
YE AR jl?j 1982 ll)J l}I2111) 1511111} 191) 191111M lil? 1992191] 191? 119j 1.923 lt?} li94 29? jl1$ J219 MQ
M* OISCwuGEO 0 0 0 31 31 31 :1 31 38 38 38 as M M as
pt STR WO FCR 581 581 531 1131 1100 1970 10,9 947 879 8 10 741 665 588 512 435

#EM STR W FCR 428 428 42.8 978 948 917 856 795 726 657 588 512 435 359 283

8 LIMERICK 2 PHIL&0 Elf'HIA ELECTRIC dea s 1065t% FLt =1939 CODE WTs153MT FUEL STRs CMT REM CAP 581MT
YE AR j]2] Hj.g lilj J11; J2ij J913 21} J111211Z 11M JJ1} 119] J2rj jit; j 119j J13} 11}} }}?? 21}j J113 M2
MT OTSCHARGEO O 0 0 31 1 31 31 31 38 38 38 38

P MAINE Yat*EE MAIhE YAte EE ATOMIC POWER DER * 790MW F LD s 1971 CCRE WTr 98MT F 'JF L S T R * 195MT REM CAP =234MT

11?3 n:q 211] 111: 111} 214 n } 191s 123: lin nie 119g J11] 11? 321 inn HL Sus _1149 111s 1933 2ngTAR
32 3. 32 32 32 32 32 32 32 32 32 32 32 12 32 32 32 32 3. 32 32 12MT DISCHARGED

REM S1R wo FCR 202 16 9 137 104 72 40 7 -25 -58 -90 -122 -155 -187 -220 -252 -284 -317 -349 -382 -414 -446 -479
REM STR W FCR 1G4 72 39 7 -26 -58 -93 -123 -155 -188 -220 -252 -285 -317 -350 -382 -414 -447 -479 -512 -544 -576

P MARELE NILL 1 PUBLIC SERVICE OF INDIANA DER -1130W F L D = 1984 CCRE WT= 87MT FL|EL STRs SMT REM CAR 347MT
YEAR 112211121111 H1211AJ Hi! 121.5 His H3? 1185 D 1 HiQ 121] E921113 litt 3151126 lit? Hil H?? E29
MT O!SCHARGED 0 0 0 22 22 2 22 29 29 29 29 29 29 29 29 29 29
REM STR wo FCR 347 347 347 673 652 6,0 587 5 36 486 436 378 320 263 2C5 148 90 32
REM STR W FCR 261 261 261 586 565 543 SCO 450 399 349 291 2 34 176 118 61 3 -54

P MARBLE MILL 2 PUBLIC SERVICE OF I*0!ANA DERs1130N FL D s 1987 CORE WT= 87MT FUEL STR= CMT REM CAR =347MT

MZ) lilj J1[j 1112 ll,{j j}}) 11[} lijj ligj }}}O$ }}})0 3}Q 11?] 1112 My J}}$ J11) J11) 111] 3]] M9) EQhYEAR
u 22 2. 22 zz 29 29 29 2S 29 29 29MT DISCHAftED

P MCGUIRE 1 OUkE POWER DER = 1180m F LD = 1979 CORE WT* 71MT FUEL STR= OMT REM CAP =283MT

M M12115J 11!21113 J2111155 lita 1217 HM 1152 3229111] J.122119) M.S J2131111 J'9 ? ji98_'.111 n;gYE AR
s 0 0 18 14 18 to 23 23 23 23 23 23 23 23 3 23 23 23 23 23 23MT DISCHARGED

NEM STR H FCR 283 283 283 612 595 577 538 493 448 403 351 299 247 194 142 90 38 -14 -67 -119 -171 -223
REM $TR W FCR 2 12 2 12 2 t2 526 508 491 451 406 361 316 264 212 16 8 108 55 3 -49 -101 -153 -2C6 -258 -310

P MCGUIRE 2 DLFE POWER C ER = 118 CMW FL0=1982 CORE WTa 87MT FLTL STRa OMT REM CAPS 347MT
TE AR IfR l}G 111] lifj 21) lif$ .113) Jill 113Z 1235 lijf 17?9 H1] 111211}} 11}$ M1} 111% lit? J21} Hi} EQ
MT DISCWARGED 0 0 e 22 22 22 22 29 29 29 29 29 59 29 29 29 29 29 29
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Table F.6. Continued

P MIOLAte 1 CONSUMERS P0kER DEDs 492N FLOs1983 CCRE WTs 80MT FUEL STRs OMT REM CAPS 319MT
YEAR lill MIS 1113 MI2 21) ME)lil5lifi UI2 MI MII U$ 9 U22111} lili EU ll?$ 29711?$ M9? ZIU.MT DISCHARGED 27 2i 27 27 27 .7 27 27 270 0 0 20 20 20 20 s7 s
REM STR Wro FCA 637 6 37 6 17 578 538 499 452 399 346 29 3 240 18 7 134 at 27 -26 -79 -132
REM SIR W FCA 558 558 538 498 459 419 373 320 266 213 160 107 54 1 -52 -101 -158 -212
P MIDL APC 2 CONSLPTERS P0hER DERs 887N FLDs1982 CORE WTs 80MT FUEL STRs OMT REW CAPS 319MT
VE AR Jj]} 121219sj 1112111} ji4 j1 Itag g? HS.$ J9) 33g j,9fj 119g 19} jl94 Hi} 39g L997 j993 g 3.279 pg

21 21 27 27 21 27 21 27 27 siMT DISCHARGID 0 g S 2 20 s0 20 2

8 MILtSTONE 1 NORTHEAST NUCLf el ENERGY DER 66CN F LDs1970 CORE WTs116MT FUEL STR=126MT REM CAPS 3,11MT
YE AR

HI? E!9 E11 H32 H331211 R113% lit? 11411M H!Q 311 RN I??3 R39 H23 lift 1217 J115 2117 U20MT DICHARGED 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 d 29 29 29
REM STR WO FCR 282 253 224 '95 46 137 108 79 50 21 -8 -37 -66 -95 -124 -153 -182 -211 -240 -269 -238 -327
#EM STR W FCR *63 437 1C8 79 50 21 -4 -37 -66 -95 -124 -153 -182 -211 -240 -269 -298 -327 -356 -385 -414 -443
P MILLSTONE 2 NCRTHEAST #4JCLEAR ENERGY DERs 830m F LC s 1974 CCRE WTs 98MT FUEL STRs 32MT REM CAPS 268MT
D E AR lill MI) 1153 U*I 11'I 11Sg lil) 11% 114211'I EII 23{ hij 11?{ 111} lij4 H]} 11261197191$ ,*1?9 MQMT DISCHARGE 0 24 24 32 32 M 3. 32 32 32 32 32 3e 3. 3 32 s2 32 3} D 12 12 12
REM STR WO FCA 243 219 187 154 122 90 57 25 -8 -40 -72 243 210 178 124 70 16 - 3S -99 -161 -222 -283
REM STR W FCR 146 122 89 57 24 -8 -41 -73 -105 -138 - 170 156 123 91 37 -17 -71 -125 -186 -248 -309 -370
R MILLSYtHE 3 NORTHE AST 94)CLE AR ENERGY CE R s 1159MW FLO s 1990 CCRE WTs 87MT rtEL STRs CMT REM CARS 367MT
D E AR j]2} jilj jllj J11; jll} jjh Jia} pig R32 jja,31139 fj99 J99J 1912 Jil) jl93 jl9} H9) 11971913 H93 DQ
MT DISCHARGED 0 0 0 22 22 22 22 29 29 29 29
8 MONTAGUE 1 NORTuf AST t4'CLE AR [NERGY DERs 118W F LD s 1993 CCRE WT=146MT FLL STRs OMT REM CAPS 556MT
* E AR }}l) 1112113J 1112111) liig lig) 111) Jil? J114 23.9 Hij lilj Hij E1) lib J11} lili 1112 M9411]? dj
MT CISCHARSED 0 0- 0 29 29 29 29 29
REM STR WO FCA 556 556 1113 1084 1054 996 935 879
REM STR W FCR 4 10 4 10 946 937 908 850 79 1 733
8 MCNTAGUE 2 NORTHE AST 94JCLE AR ENER3Y D E R s 1180"W FLD s 1995 CCRE WTs146MT FUEL STRs CMT REM CAPS 556MT
T E AR j]2] J9sj 111] 1912 jll) 191g jisJ p{} jl}] jjjj jjli 19]j j]9] 39] Hij lilj j91) llM 11]] 193 jl99 yg
MY DISCHAPGED C 0 0 29 29 29

8 MCNTICELLO NCRTHERN STATES POWER DERs $45MW FLO 1970 CORE WTs 97MT Fett STR=12?1T REM CAPS 324MT
YF aR 11]} I?s] H$j Hs2 213} HM 3f} 3*i 1317 334 JM3 pp 31gj I?R Jigj jl?g 33} J191 lig? 11M J11} 2p;g
MY DISCHARGED 24 24 24 s 24 24 2* 24 24 24 24 eh 24 24 24 24 2s 24 2, 24 24 24
REM STR W. 0 FCR 300 276 252 227 203 179 155 131 1C6 82 58 34 10 -15 -39 -63 -87 -111 -116 -160 -184 -208
REM STR W FCR 203 179 155 131 1C6 52 58 34 10 -15 -39 -63 -87 -111 -1 % -160 -184 -203 -232 -257 -281 -305
P NEW EtGLAND 1 NEW ENGL AND P0bER 8 LIGHT OER s 1250N F LD = 199 5 CORE WTs 9RMT FUEL STRs DMT REM CAPE!91MT
TEAR 112] jil) Mij 11[211[j 1?!) 111} 191) jjfs] 191) J11} M9) j939] jj92 j]9) 11131]]} jl% jjl? j]]} jl9? J20{
MY DISCHAFGED 0 0 0 Is 44 24 64 i.

REM STR 4 0 FCR 391 391 781 757 733 686 635 579
RIM STR W FCR 293 293 684 659 635 586 538 *81

P NEW ENGLAND 2 NEW ECMD PCWER 8 LIGHT DER s 1250W Flos 1995 CCRE WTs 9?MT FUEL STRs DMT REM CAPS 391MT
YE AR j]2] 1912 jlll lil2 j91) jjl3111} 1111 Jill IILS J21} 11]] jll] 111213]] J9M jl2} ]]1619L7193 M9) Mj
MT DISCHARGE 0 0 0 0 24 24 24

P NEW YORM 1 NY STATE ELECTRIC & GAS COMPANY DE # s 125% FLDs199 3 CORE WTs 98MT FUEL STRs OMT REM CAPS 391MT
19221112 jilj 1112 J11) 1113 jjl} lili 1922 jl!3191} j9),3119] jjl2 jjjj lim jlM 113% Q2 j933 I?]] MIQ9YEAR

MT DISCHARGED 0 0 0 24 4 24 24 12
*M STR W 0 FCR 39 1 391 781 757 733 684 635 579

RL' STR FCR 293 293 684 659 635 586 538 481

P NEW TCFX 2 NY STATE ELECTRIC 4 GAS COMPANY CE R *1250W F LD s 1995 (CR E WT s 989T FUEL STRs OMT REM CAPS 391MT
DEAR lill 11121113 EI2 lil} 11131113 lill 11131130 lili 11191113 U1213.311D lii) His 1112 liU 1133 22SS
MT DISCNARSE3 0 0 0 24 24 24

8 NINE MILE POINT 1 N!aGARA MOHAWK POWER DER: 61CW ELD s 1968 CCRE WTs106MT FUEL STRs132MT REM CAP =265MT

JS!j lilj 11P EI) 1?l4 EIS Eli EI? 12I4 ff? H12111] 11N 123312M 111} Hil 1112 liSI 1123 2223TE AR 9'

2 27 27 27 21 27 27 27 27 27 27 21 27 27 27 27 21 27 27 16 0MT DISCHF*
REM STS WO FCR 443 41/ 390 363 337 310 284 257 230 234 753 731 705 648 590 533 476 419 354 289 14 5 1C6
REM STR W FCR 337 3;0 244 257 230 204 177 151 124 97 652 625 598 541 48* .27 370 266 201 136 -8 -46

B NINE MILE PCINT 2 NIACA9A MOMWK POWER CJRs1C8CFW F LD s1989 (CRE WTs153MT FUEL STRs CMT REM CAP =581MT
TI 'm 112.2111911131212111) lili !!7 lill fil 11!4 3.59112219il 11N Hi} 12191122 lith 1122 H151191 M2
MT DISCHARGED 0 0 0 31 31 31 31 31 38 la 38 38

P NCRTM ANhA 1 VIRGINIA ELECTRIC 8 POWER CER: 907MW F LD s1977 CORE WTs 71MT FUEL STRs OMT REM CAP =18CMT
YE AR 1]]) HSQ lilj 11N jij} ligg l}f'j 11M J2$? MI4 H$? 223211?] 1192111} 1113 39} 119$ 997 J193111] 2229
MT CISCHARGED 0 18 18 18 18 23 23 23 23 23 23 23 23 23 23 23 23 23 - 23 23 23
#EM STR W.D FCR 717 700 682 647 873 8 32 79 1 989 926 863 784 699 615 530 440 350 260 170 e$ -10 -100 -190
REM STR H FCA 647 629 6 12 576 802 761 7I0 9 18 855 792 713 629 544 459 369 279 189 99 9 61 -165 -255

P NCRTH Alf4A 2 VIRGINI A ELECTRIC 4 POWER DER 943MW Ft 3:1979 CORE WTs 71MT Futt STRs OMT REM CAPz283MT
TEAR 11Z) 1112 jjlj j912 ji3} 113i jl1} 1114 E1711$$ Eg} J29Q jilj 1192191311191195 J2312212 jl15 J229 2129
MT DISCHARGED 0 0 0 18 18 18 18 23 23 23 23 23 23 13 23 23 23 23 23 23 23 23

P MRTM APR4A 3 V!ni!NIA ELECTRIC & PCWER DER: 907m FLD=1983 CCRE WTs 65MT FUEL STRs ChT REM CAP =261MT
1E AN 11221112116J H12111)1153111} lili Et? 11141212 Hij H?2 lii} 1124 HI) E?$ 9 7112$ M1? DI]
MT DISCHARGED 0 0 0 16 16 16 16 22 22 22 22 22 22 ' 22 22 22'

P NORTH APR4A 4 VIRGINIA ELECTRIC 4 POWER CER: 907N FLOs1986 CORE WTs 65MT FUEL STRs OMT REM CAPS 261MT
YEAR 1121 jl1219.1111l2121} 111) jll) 11161112121$ 1132 Hij 111] M12199) Q4 jji} J11g lill 1*94 jjji 222Q
MT DISCHARGED 0 0 0 16 16 16 16 22 a 22 2. 22 22 22 22

P OCONEE 1 Ot>E PChER DERs 887m FL0s1972 CORE WTs 8CMT FUEL STR=220MT REM CAPS 127MT

T !$ CHARGED
REM STR WO FCR 61 -19 -99 -178 -258 -338 -417 -497 -576 -656 -736 -815 -815 -975-1054-1134-1214-1293-9373-1453-1532-1612
REM STR W FCR 19 -99 -178 -258 -338 -417 -497 -576 -656 -736 -815 -895 -975-1054-1134-1214-1293-1373-1453-1532-1612-1692

P OCENE 2 Duke POWER CERs 887PW FLDs1973 CORE WTs 80MT FUEL STRs OMT REM CAPS CMT
VEAR jll! Jjl212RJ 1121153 M14 l!!} 121% 11Q IMS Djf 1922112j 11?2 li1} 1114121} 19_91111, jl9311_9] 29107

MT CISCHARGl* 20 27 21 27 27 2$ 21 21 2i 27 27 21 21 27 27 21 27 27 2i 27 21 21

P OCchEE 3 DUKE POW 89 CER: 887m FL0s 1973 CORE WTs 80MT Futt STRs cMT REM CAPS OMT
YE AR 1]]? 193{ jjjj jl$1 jll] jl!$ 113} 113) 3912 jlS41119192) 11M 1112119) 1994 jl9) j91g 129Z Hi) 1121223)
MT DISCHARGID 20 2i 21 27 27 27 21 21 27 27 27 2r u 27 21 27 2I 21 27 27 27 27

F-22
&, c,h.*$ E, 4*



Table F.6. Continued

S CYSTER C#iEN JEftET CENTRAL PCWE9 $ LIGHT CERs 450N F L0s 19E S CC#E WTs112MT FUEL Sfes124MT eEM CAPS 2%MT

M7} JM] }}{} Hj' $ ) pf) ]!!} f M D(l711'4 j})? M97 gN JPl $) J}}4 MM y$ pg]8 1P) }}}} [U)d AR ;8 :s 21 0 18 28 ;8 25 i 28 .s 8 28 :8 ;b ;8 ;8 28 112 0MT 0!sCnscE0 .

Bf M STR W 0 FCR ICS 180 152 124 96 68 40 12 - 16 -44 -72 - 1J 3 128 -1% -184 -212 -240 -268 -296 -324 -4% -4%
DLM STR W FCA M 68 40 12 16 -44 -72 -100 -128 -156 -184 -212 -240 -268 -296 -324 352 20 -scs -4 M -4% -4M

P Pat!$ADES CCP6UMERS PCWrp 0 #s SC5N F Los 1970 CC#E WTs 92MY FUEL $tes123MT 9EM CAPS 2%MT
M A* l!T) H M 1111 F 2l!*ll!'t 2'1 M '''? M E212222 Dil12S IP311M 119 IPt 1217 IPS D'9 *1
MT DISCha#GED 31 Ji 31 11 $1 h 31 31 91 31 Il 31 31 31 11 il 31 31 31 31 Il Nt
#EM STt W 0 FCR 2C5 175 144 114 83 53 22 9 -39 -70 -109 -131 -162 -192 -223 -253 -284 -315 -145 -376 -406 -437
aEM sia W FCs In 83 53 22 -9 39 -70 -ICS -131 -%: -192 223 -253 -284 -315 -b5 -376 4C6 -437 -468 -498 -529

P PALO VE80E 1 A8!.0NA Pt9t!C SEty!CE OFN s127CN FLD s 1983 CC#E Wis103MT FUEL STWs CMT PEM CAPS 434MT~

13'!lii220]E2m)l'!}EU11]Di'7 E} li'? 119211;A111N 112J 12jt 11M 123612*l7 IPS H2? UMM A'
4 v 0 2 2 2 21 h h % A 36 M i 16 h %MT O!SCHJCf D

#EM ETR 4 0 FCf 4% 434 4% 4C7 380 78 T 760 1157 1f194 1031 1312 1242 1143 1410 1278 1146 939 P24
PCM ST# W FC# 325 325 325 298 271 678 651 1049 9% 92312M 1%41C45151311801C48 891 '27

P PALO VEPCI 2 At!?ONA PLSLIC SEFv!CE CE W s 1270N FLD = 195.3 CDFE WTs 102*T FUf s iTes DMT REM C APs434MT

111112.12 39] 12M 119} E?411M 124 IH12PI H}A? EQda lill 121U 1211 El lii) 121312M 1216 lill FI
y u 2i 2i 21 27 % M M M hMT O!$CHAPGEO O

P Pato %E8CE 3 AGI?$A PLtLIC SEtv!CE CE R s 1270N F L 0 s 1990 (CoE WT=1U"T Futt ST.Ts OMT #FM CAPS 4 34MT
dd 123 2".2121312. $ UU 121.3 Il*) 12I$ III2 lilE 113312M IUI IU 1E 11 1$ MM 1235 IIII UII UI
MT c!sChARSID 0 Ti 4 2 - - 2/ a a a a

P PALO %EPDE 6 AP!?ONA PUCLIC Sf rv!CE CE R * 1250N FLD * 03 C09E WTs 9sMT FUEL Sfee CMT #EM C APs391MT.

MAR 12] 11U N1121:51111 Elk EES Elk 111? D E0111101111111120 lih IU} E% U?l 1U11U1 U'.},0 0 24 2+ in 2, IMT O!$CMOGEO 4

P PALO %EPot 5 As!?>A PuPLIC stav!Ci DE s s 1250% FLos ib6 Co*E WTs 93MT FoTL stas OMT arg CAPS 191MT
MA8 11111212111313211Il 131111U 12Il 13I.2 21311II 111211111131L.} 11113.D IU$ Hij lill 1122 0 91
MT O!; CHARGED 4 s 4 24 24

9 PE ACM BOTTCM 2 PHIL ACELPHIA ELECTt!C DIP s 1065N F L0 s 197 3 CSE WYs153*T Fuf L STp 126MT DEM CAPS 440c

I21121*.) 51312'2 lif) 13T 12*) IPi 29? MEI ES? H?911311?M 11?3 IP4113 MM 112I MiI EM U]Ld!8
31 31 13 M M M 13 M M M 38 38 M A M li M 13 M M MMT O!E MBLTD

pf M S's W 0 FC# 8% 792 716 640 563 4t 7 410 3M IM 13 1 105 25 -48 -1N -201 2 7 7 -F -4 30 -!'6 -521 -659 -?M
#EM $1R h FC8 701 640 M3 487 410 3M 2M 14 1 105 28 -43 - 124 -201 -27 7 -3% -4 30 -5C6 -M3 -639 -73 -812 -8.t3

0 PE ACH 90TTOM 3 PhT; A0ELPu!A ELECTWIC DE R * 106 5N Fi0:1973 CNE WT s 153**T FUEL STW: 22MY PEM C APs47*.#T
1EA9 11?9 l}I') 111] 11'2 M'] M 11') It?$ 19'? llM JR9 E9] 111j 19M 119) H]$ 199) JJ94 JMT JP) Q) Ej
MT DISCMPGEO 31 31 M M 38 38 18 38 38 38 35 18 2 la 38 18 2 M la M M 1s
P PECELE $P#MS 1 PCPTLAND GFhER AL ELECTRIC CES:12MN F LD s 199 3 C^RE W's 9'MT FUEL Stas !MT #EM CAPS 391MT

l2l? 122 Y11111 11113.311*$ lith 111120111.2110 2111?1 111) 3241101*\ 101, $111R, E2'E9
0 d a N 2 in 2 2MT DITCcMEO

FEM $TR W G FCR 391 311 39 1 757 733 7C3 660 601
NEM Sse W FCR 293 ;93 293 659 6!5 611 562 505

P PEEBLE $FAINGS 2 PC8TL AND GENE 8AL ELECT 8!C C E R e 1< w F LD s 1996 CC#E his 9?MT Fuf L Stas OMT pf M CAPS 191MT
VEra JP,) liig 31] fly JMJ RD J1D 1131112 JP$ 23f] 111211}j J212 E1} 1113 I!M J23 Jil? m,_$ 121} C7
MT 0*SCHANOED 0 0 0 i, 24

P PEDh!NS 1 ?_vF FCAT# CE#s12MN FtDs1993 CCSE hrs 9?MT FUEL STR* CMT PEM CAPS 391MT
YE" 111I 12121113 III211U U18110 IIIA 11Il 11*E IIII IU) 1113 IU2 Ill} 11141U) 113 II?l 3}I Ul} 2.Q
t'T DI!CHA93E0 0 6 0 24 24 3 24 3.
REM sin W'O FCR 391 391 781 757 1123 1075 1026 945
EEM 5!R W FCR 293 293 684 659 1026 977 928 847

P PE Pt !NS 2 Ca t Pwt e CE p s 125W F LD s 1995 CC# E WT s 9?MT Futt STRs CMT #EM C APs391MT
Y E AN M2,]11C 31]1112 H U M1)]1U 11[j111213fd fi}lilj1]}j1132 fly Jil) 1D"J1% 111] 31) Mj}dEQ

l 0 0 24 .4 24MT DIScha# SED

P Perk!NS 3 DLS E PCWER CE9:125CN F LD = 1997 CCat WTs 9'MT FUEL Stas Ci eEM CAPS 391MT
4 AR 1231113 lil312.01213 lin 20 5IA 111? 1214 lili H2.2 lill 19?.21213111111D 121111F 11211111 Z9

3 v 4 2*MT DISCMOGED

B PERRY 1 CLEVEL AND ELECTWIC 8 ILLUM!uYING DEWS 1205N FL0s 1935 Ccet WTs146MT FUEL Sies CMT FEM CAPS 556MT

112211121111121Z 551 Rif H1211*i H12 H55 ff ? li'912}J 192 lit) H141P} lUt 1217 !!?) 101 EQifH
0 0 0 27 29 29 .9 29 17 17 3 li sf si si aiMT CISCNDCED

PEM STR svo FC# 5% 5% 5561C% 10541025 967 9CS 843 777 711 6 58 565 491 4 18 345
PEM STR W FCR 410 410 410 937 908 879 820 762 696 630 565 491 418 345 272 199

8 FEPRf 2 CLEVELAM ELECTS!C 5 ILLLPINATING DE# s 005MW F L D = 1938 CORE Wis146MT FUEL STWs OMT #EM CAPS 556MT
VEP 192} 19M jjij 1112191J Jg41MJ J21g R11 l}f.$ fM 1129 IPJ 1992 3]] JM4 g 39g 111] jp} 119] 27g
MT O!$6APGE0 0 0 0 29 29 29 29 .9 31 31 37 li li

8 PHIPPS $END 1 TENNESSEE V ALLEf AUTHC8tTV OE R e t220MW FLDs1937 CCpt WTs146MT FUEL STes OMT #EM CAPS 556MT
1 EAR MZI 11121111 EU fl} 11D 120 llD 111212I411EI 1U2 U1111?2 M?) 129) EU 1011121112} E99 ZE.Q
MT DISChA#GED 0 0 0 29 29 29 29 29 37 li 31 31 32 3r
#EM STR W. 0 FCR 556 5 % 1113 10s4 1054 996 1M 879 813 748 674 601 525 455
NEM Sf a W FCW 410 4 10 966 937 9C8 850 791 733 667 601 528 455 182 308

9 PHIPPS BDC 2 TENNESSEE VALLEY AtJYMOp!TY DER =1220N FLDs 1989 CORE WTs 1464'. FUEL ST9s CMT #EM CAPS 556MT

T ISCHAPGED

e PILG#IN 1 BCSTON EDISCH OER: 655N FLD =1970 COPE WTs116MT FUEL STe:116MT #EM C APs348MT

11]9t 19121201 lill 11011% D;} 11Eb 11.1}7 E24 Eit Elf 11{l 10210) E{f 1D} 11% litl 11?S 12912990'E AR
.9 49 29 29 29 49 29 2 29 29 29 49 29 29 .9 2, 29 29 29 29 29MT O!SCH&8GED .

REM STN wo FCR 319 290 26 1 232 203 174 145 116 87 58 29 0 -29 s2 -87 -116 -145 -174 -203 -232 -261 -290
#EM $TR H FCR 203 174 145 116 87 58 29 0 -29 -58 -87 -116 -145 -174 -203 -232 -261 -290 -319 -348 -377 -406

P PItCN!M 2 00ST04 EDISON DERs125CN F LD= 1996 Capt WTs 98MT FUEL sten SMT DEM CAPS 391MT
VE AR Ml}110 13]llE2 M1)Jjjj}}]]J2M 212 EI4 MI)121)111] M1211U H2) 31) M])J11{ Ej) M?}2C)
MT Cl$CHAPGED 0 0 0 24 24
DEM STR wo FCW 391 39 1 391 366 342
#EM STR W FCR 293 293 293 269 244

e. ., q s, '

k.e 4 IC *
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Table F.6. Continued O _
b}J, I ~]-

P PWAIFIf I5L AND 1 NC9TMitN STAT [1 Pt%tR Dens 53M F t os 1972 Cops hT 54MT FUEL STWs 90MT etM CAPS 219MTit"
H2? 11M 20 f*I' 12f } r't E!5117 H5? H'-3121,? Hi? DU 1921U)11M HM HM H371111 H?? E20

MY PISCH"o FCR
DED 18 18 18 1 18 18 la la 18 18 18 18 18 18 18 18 18 18 15 to 18 18st4178 n 188 152 116 83 44 4 -28 -44 -109 1 % -172 ?O5 -244 -293 316 -352 -388 -424 -460 -496 -532 -568stM STS W FCA 133 97 61 25 -11 -47 -83 -119 -155 -191 -227 -263 -299 -335 371 -407 -443 -479 -515 -551 -%87 -623

P P7AI#!E 15 LAND 2 NC97WEF1 STATIS PCW[B CERs 5 3 *MW S LDs1973 CCet his HMT FUtl $fes OMT eEM CAPS OMTT f AR I?]} M jf 31 M*; 19*) M2419?} 19,'$ 195? 19'S 1959119) 119] 392119) M94 $) H?6 D9719]$ Mj? E9QMI C10CHA* GIG W 18 18 'A 18 18 18 '.8 18 18 18 18 18 18 18 18 18 18 18 18 18 18

# PT. EC ACH 1 hischS:N MIC5df 6AN [LICTRIC 0;#3 497N F LD s 1969 (CFE WTs 54MT FUf L 572: 81MT REM (APs 77MTTE"
1Pt Hit E!' 19" H:3 mi Dt> 11% UP 11'" 115? Rf 2 EI! 11R I?M 11?) lin lin 3?7 1135 ID? M 7l8 18 d 18 18 18 18 18 18 18 18 15 18 18 18 15 18 1s ti \& 18 %MT 0150 Masto

stM 578 W o 70R 559 '23 437 451 415 379 34 3 307 271 235 199 16 3 127 91 35 19 -17 -53 -89 -125 -161 -?34RLM Sie W FOR 504 463 4 32 396 340 324 288 232 2 16 156 144 #8 72 36 0 -34 -72 -108 -144 153 -216 -288
P FT. E E ACM 2 ei!Y % SIN M!ClelGAN (LTCTRIC CTOs 497 % FL3 s '9 71 Cost WTs %MT FUEL Sfes DNY #EM CAPS OMT*E"

IU? lill ;!! l'"d 11!51}ti 19U It'$ 111? DM H!? E?) I?.}} 19? JM) 12?4 lin 1L9% D?? D?5 H?? E2M' 313CH APGf D 15 '8 16 13 '8 18 'S 18 18 18 18 18 18 18 18 18 18 13 18 18 18
8 (MO CITIES 1 CC"tPM ALTH TDISCN Ole a 789MW FL D = 19 72 CCSt WT=145MT FUtL Sfe 3*MT BPI C ape 262MT'Eu

E? 1"11?) 1?% 1M3 BM 2:11"119?: 1"11?M DH B{1 D?2 W) HP .11D R?$ D1! hM 1D? W1MT CIS!EP 'lD ;e '3 h M M h h 35 h % 5e % A h 14 A % h 16 % h !6#FM 5:R W 0 #CR 3,7 ?'4 2a2 130 57 -15 -78 -160 -2 32 - 3t5 - 3) 7 453 -522 -Sig -667 -739 -812 -884 -956-1029-1101 1174
RE M l'# W F LP 2C2 !33 57 -15 4 3 163 -232 -305 -377 -453 -522 -594 -667 -739 812 -884 -956 '029-1101-1174-?246-1318
8 GJAD CITIE12 CC?* M TALTH (!jSDM OF N s 781'% F LC s 19 72 COPE WT a l'.?"! FUl t SYe s 149MT af M CA#s143MT'I"

E3 l'M f*3 M*I 1D) D'36i 19]$ 2I% M'? 1923 F9 F9 E1} Hl2 I19) M99 29) UM D1' UjI UU MQM T 0 %CH APM 29 h % 26 h h h h h !b h 36 h h h 36 h 36 A 16 36
P RU&C SECO SFra* tMO KNICIPAL t TIL IT!IS O!stsICY Cl a s 9 *2% FL C s 19 74 CC*f WT s 8 7MT FL,t t s ie s 5 ?MT stM CAPS 210M1J
TE9 19'? D?) 11!] I W 11') f*$ I?M 13' 1"? jN JP91917 '?9122M 129g R?4 l??} My 1997 D] IM1 M20 u 25 27 27 21 2 27 27 21 v M 27 2 21 27 27 T 27 27~T tnW" arc

oF M $!N > 0 F C# 1M 171 14 117 91 64 38 11 -15 2 -t 3 -95 - 122 -14% - 175 <231 -228 -2% -281 -30 7 -3 % -340
.

etM sia W FCs 111 91 64 2 11 -15 -42 -68 -95 122 -148 e t;5 231 -228 -254 -231 307 -134 160 -387 -414 -440
8 RISEP Poe 1 CULF Staff t UTILITIES DENS 9 3*MW F L D = 1989 CC'E W?s11ENT Futt 5 Tea CMT pf M CAPS 45CMT
'f" 111111'12111112 'lll Eb 1101Yb EE D15111? 2191111 B'l N31"? 20 JW 1"? 11M 119? D9MT DISCwkestS 0 C 0 24 24 24 25 24 30 33 30 33FIM 5'a w 0 FCR 453 453 450 8 '6 853 E29 70? 735 682 628 575 516p[M STP W FCP 332 332 332 7%$ 734 71: 664 ? 16 563 513 457 398
8 81.[a Blac 2 C<jt f STATCS UTILITI(3 013 934ne Ft S = 1992 C0h! Wis 118MT FUtt sfes CMT 9(M CAPS 45CMT
r'I # U_'I 1M EIl *.IU 12Il 11D I30 UU -.11.' 11I411*211M 23312M IL9) lili 33) M2) 12N M3 3 293 CQt 01scesa a e a a a a 24 24 2a
P #C!!CN 2 C AP; LINA Powf e a Lire *T CEsa 7CCN F LO z19 73 C9EE WTs 71MT Futt stas 13tMT etM C AP 125MTTI"

li'} 2') LI.111"? 15*) USS lM)UM # W 12'? 1393 P l 19N D?) ]294 M9) 194 M97113 IIS9 EC23 23 2 23 23 21 23 23 23 21 23 23 23 23 21 23 23 21 21 23 21 23PT CIWuS63
F(M 5 'R is 0 D CB 121 78 54 31 8 16 -39 43 86 1W ~133 -1% -123 ''03 226 -250 -273 -297 -329 -343 -367 -393EFM 5'9 W FCs 31 7 - 16 -43 -63 -86 -113 -133 -157 180 -233 -227 -253 -274 -297 -323 -3 % -367 -391 -414 -437 -461
P 5!.L EM 1 PWIC Sf tvIC GAS A ELITYe!C CF NJ CI P r 109 % f t Ds 1976 CC81 WTs 87MT FVil 572= CMT ptM C APs119MT

MM D** lim L*21".43 F4 DD Fi St711'4 IS!.? 197 D91 "9? 199) 19741U) 11% IP? IP1 I??? L'M
't

M r"D IWAPGED22 22 22 22 29 24 21 D .9 29 29 24 29 29 29 2'e 29 29 29 29 29#I15ip W Q FCA B!2 831 809 7( 5 7 16 665 6M $37 M,3 %2 I? 4 3! 7 269 212 1% 96 39 -19 -7? -134 192 -2 0Pf M 5M M fC# 765 14 722 679 429 578 528 473 413 355 297 243 18 2 125 67 9 -48 -106 -163 -221 -27* -3 %
P SALIM 2 PU9L:C Trev!C CAS 4 ELECT 9!C OF MJ Dir:111N F L D s 1979 CODE WTs 8 ?MY FUIL svas DMT pt M C AP= 347MT
TEJ M'? "'@ 21') IW 11El 3") ISI{ 1"i IT UIS 1P! mig 1U1 IIR 393 fM IM) 11% El? 11M 1199 T3'11 OlStkusiD 4 0 3 2 .2 12 2) 29 ;* 49 29 29 29 27 29 26 29 29 29 29 29

'

P SW ChCF K E 1 5%Tkt#f* CALIFCWI4 E0!!78 Ct ps 4 36P.4 F LD = 196 7 Cr#1 WTs 7179 FULL Sv#s 26MT #EM CAPS 71MT
1319 Im 3;j 11"3 y} IM311;} 13y IMI 19's p? IM] ljM p3' n4} lib 39h 119) 32711M _1.1M Mgv t as
23 23 23 2 23 23 43 23 23 23 25 23 23 21 ;5 23 23 23 21 71 0 0

MT CIWAECED
p!M ST8 k 0 F Cs 48 415 392 %8 711 663 6 16 544 464 3.13 303 2 15 177 39 -50 - 133 226 -314 -402 -5'A -60 5 -667
FLM 5's W FCs 23 3% 32 1 270 61) 566 518 4s6 3t6 '.3 5 2C6 117 i'9 -59 -147 -235 -324 -412 -SCO -6 35 -6 7 3 -7 38
P SAN CaaCTRL 2 50U4[84 CM IFCONIA (CISON C E R s 114 C"W FLCa l930 CC* ( WTs 95FT Fuf L Sf as OMT #IM CAPS 391MTit"

Bl? 2319 fl.111% 11*) 2h IMS 3%,1187 ID) 31? 1?] 1?9{ Ep2 1D) H291992196 E971231191 M2PT DISCM"LE3 0 0 0 a 24 2* i !! 32 12 . 3 32 32 22 32 D 32 32 32.,

P SAN OCFRE 3 SC'jiMRN CALIFCFNI A ECISCN C E N 41140"W FL D = 198 3 CC#[ WTs 9NT FUEL STRs CMT a[M Cas=391MT
1 EAR MH llij l?If H1; 111] 111411'} 1") 11'I F1 j2*9 159) 99{ 129? 199) .11,94179511M 1297 Hj$ 1199MT CItchA93E0 0 0 0 14 24 a 24 ' 2 12 12 32 32 12 32 .2 32 1.
P Sf AFR00r 1 PUBL IC SERV!CE CF HTW HAPPGh!Ff 0[# s 119WW F LD s 1986 C09[ WTs 8?MY FUf L $1Rs CMT 9tM CA* 34 'MT

Illi 1212 lill liu H1) 1?l3123] Jitt 237 jf4 F? P9019911992139) Rt* 19) 1Dt HH HM 'Ut EOvt As
0 3 0 22 22 22 22 29 .4 29 29 29 29 29 29PT D!=CHAPCt3

stM Sie w o FCA 347 347 347 673 652 630 '47 5% 486 4% 378 300 263 205 148ein sta W FCs 261 261 261 586 565 543 530 450 399 349 291 234 176 118 61
P $[ AfROCK 2 PUBLIC $f tvICE OF Ftw HAMP$wlet CE Rs 1194HW F L 0 s 1989 CC9E WTs 81MT FUtl STR= CMT REM CAPS 347MTTraa

l!ll 1112 D31 MU 12.1J 11312f} 1216 E1211% 12191112 H2] I?U 1D) H{9 I?{211D6 E12 H{51U4 29MT DISCHAPCEO 9 0 a 22 22 .2 29 29 $9 2% 29.

P $[QUOVA4 1 TEtestSSFE vatitY AJThCRITT Cro s1140md F LD s 1979 CDPt WTs $7MT FUEL STWs CMT REM CAPS 347MTvt an
M211122121] DP 115j Eq 12] 1116 !!!? 12M Mf? 1U2 JU) 11?' 12?) RM H{9} jut 2{l M!$ lit? E90 0 0 23 2 2 29 29 29 29 29 .'9 ZI 29 29 29 .9 29 29 29MT C!$CHAPGED . .

REM STk W,0 FCR 34 7 695 695 673 630 '47 544 493 4% 378 320 263 205 148 90 32 -25 -83 -143 -198 -256 -313
BEM ST8 W FCR 261 6C8 6C8 586 54 3 500 457 406 349 291 234 176 118 61 3 -54 -112 -170 -227 -285 -342 -400
P 1[QUQY4H 2 TE*I55tf v4LLEY AUTHORITY Ctes1143MW F L C s 1980 CODE WTs 87MT FUEL Stas OMT RfM CAPS 347MY1844 M133211*j 193j lilj pg 19*) 19j lt!? 19M 1219119Q 119J 1192199) H2$ 32) llM 1211119311{} M9MT 01SCD&9EI3 0 0 v 22 22 19 29 2# 29 29 29 9 29 29 29 29 29 .9 29

8 SMOPEHAM LCNS ISL ANO LIGNTING CIR: 854MW FLDs 1981 CORE WTs112MT FUEL ST2= OMT RE
1111312 213 n:2 n:1 m4 yty nn rg 33 y;t mg ny nn 1v} 11M my n.y ngl yM ng,M CAP =426MT

*t An mq
e 0 e d 22 22 2. 22 28 28 c8 28 28 2S 28 8 28 28 .8 28MT nistnocto

#EM STR WO FCR 426 406 426 403 381 358 34 314 286 258 230 202 174 146 118 to 62 34 6 -22#tM SIR W FCR 314 314 314 291 269 246 224 2C2 174 146 118 13 62 34 6 -22 -50 -78 -106 -134

F-24 O / ' CFv OeA')y 'eM



Table f.6. Continued

8 Sk AGIT 1 PUGET SCLPG PCWER $ LIGHT DER s 118|MW F LO = 1994 CNE 6:Ys146MT FUEL STRs CMT RtM CAP'556MT
T E AR }}]} J]tj 19]] 11*2 blj J113111) jjfl H12 J1'-) 111] 11?j D1) '.112111) J19) 11]) 1916119] Rj$ M9) CQQ
MT O!SCHarGED 0 0 0 29 .9 29 29
#EM STR wo FCR 5% 556 1113 1034 1C 54 996 9 38
REM STR W FCE 410 413 966 Si7 9 C8 850 791

3 SKA617 2 Pur47 SQL*C POWTR 8 LIGWT CE # s 1180N F L Ds 1996 CORE WTs146MT FUEL STes OMi REM CAPS 556MT
TE AR EI.! 11M lii) 1112 lin 12M Ha2 lili 1112 Db3 21.1 l!D E111122 M13 I?16 EIS 1121 '9971123119? ZM2u7 0 29 29MT DISCMAPGED

P *10UTM TEMAS 1 HOUSTON POWER 8 LIGHT CER s 125CN F L O = 1983 CCRE WTs 87MT FUEL STWs CMT REM C APs347MT
TEAR J11} 111) 111] J112 it!) jjij .191} j9f 6193? 19'4 J3!? 1PQ JPJ D9{ 1L9) 19p 1995199) 39] 1193 J191 ZGQ

29 29 29 24 29 29M1 DISCMARCEO O 0 0 22 22 22 22 29 29 2: 29 . 263 205 148 to 12 25REM STR wo FCR 34 7 347 34 7 673 652 630 58 7 526 4C6 4 36 378 320
e REM ST# W FCR 261 261 hl 586 565 Su 500 450 319 349 291 2h 176 118 61 3 -54 -112

P SOUTH TEXAS 2 HOUSTfW POldt 8 LIGHT CER a t250N F L D s 19 '6 COPE WTs 87MY FUEL STRs OMT BEM CAPn347MT
TE AR ]]2) jly j$ , Ji'2 pgj 33 p;} J1!$ 1117 J1'4 ff t pQ 1191119; 199} 3?) 1??} Jpg 1}}f y$ JD} CQ
MT DISCHAP0E0 0 6 0 22 2 J '2 49 2$ 29 29 29 29 24 21

P ST LUCIE 1 f tCPIDA POWE# a LI'.iHT DER: 802N r LD s 1975 CcRE WTs 95MT FUEL SYts 2TT REM C APs 301MT
VE AR 1}]$ 19fQ J"Il fM ][*) }}}$ J]1) 195$ py jlM J1 Jilp ]]I j?{ (99) Jj94 ]]}} hy JP71933 J19] 2CQ
M1 LISCHAROIS 24 24 .4 32 32 12 32 32 3. 32 w 12 % L x_ 32 12 3. d 32 32 32
REM $1R M 0 FCR 276 252 228 195 16 3 131 489 4% 4N 36 7 311 254 197 132 68 3 -62 -127 - t92 257 -321 -M6
REM STR W FCa 179 154 130 95 65 33 !91 339 326 270 213 156 99 35 -33 -95 -160 -225 239 -354 -419 -48,

P ST LUCIE 2 FLCRIGA PCW# 4 LI6df DENS 8427s8 F LC s 1935 CC9E WTs 98MT FUEL STW: OMT REM CAPS 391MT

1111D1.911111111Ef)121h130E*%E17U?4E'11U21?]1192:11?k'9?}l'')119Q1191E'S111933 32' EAR
0 0 0 24 24 2' .* 32 32 3. 32 34 12 32MT JIrtHAPGED

9 STANISLAUS 1 PACIFIC GAS 8 ELECTRIC DER s 118 W F L 0 n 1994 C09E WTs 146MT FUEL STRs CMT REM CAPS 556PT
TE AR ]]]} ]]Ij plj Jj,jj 13,1) plj }}jj }}j.} fj] }}f } p{} 21) jl]] }}]] Mij pl$ }}}} Jjpg J1j7 J19j }{9? [MQd 2F 29 29MT DISCHARGED 0 0 e

95M Sia wo FCR 556 5561113 tCS4 1C54 996 9 38
REM STA W FCR 410 4 10 966 937 908 850 791

9 STANISL AUS 2 PACIFIC GAS 8 ELECTRIC DER * 118 3N F L O s 1996 CCPE Wis14MT FUEL STRs OMT REM CAPS 556MT
*f AR 111111011*1111: 1911111b 1910111b 11111100 lli2111211111115 lii) 111% lili 1?'h '1 ' 111I 119? 22M9

MT DISCHAPGED 0 0 0 ;9 9

P STERLING 1 PCCHESTFR CAS 8 ELECTRIC DER s 115CN F L0 s 1991 Copf WTs 80MT FL1L STR = OMT REM CAP =319MT
iEAR ]9]} 191) Ji*j 1132 % J9]j J2}} J11) 19M 191] J119 ]]1) J991 ll]] pl) ]]9$ 19)} 1994 7 Jtij g9 230
PT DISCHAPGED 0 0 0 20 .0 23 s0 27 J 27
NEM STR W D FCR 319 319 319 299 279 259 239 213 1*6 160
NIM ST9 W FCR 239 239 239 219 199 18 3 160 133 107 50

P SLRPtp 1 SOUTW CtROLIMA ELECTRIC 4 La$ CFR= 9 CON F L O s 1981 CORE WTs 71MT FUEL STRs CMT DEM CAPS 283MT

1911 E121*f) 12I2 II'31134 EU 11'i UU U%I 12I? JU2 21] JU'} 39) M?4112) 129% 12?} 1233119? EI
TEAR

0 0 0 18 ?8 18 18 23 23 23 23 2 .3 23 23 23 22 23 23 23MT DISCHARSED
REa STa ut FCR 283 283 2$3 255 248 233 212 189 106 142 119 v5 72 49 25 2 -22 f45 -65 -92
REM STR W FCR 212 212 212 194 177 159 142 118 95 72 48 25 1 -22 -45 -69 -92 -116 -139 -162

P SL5Rf 1 VIRCIh!A ELECTRIC 4 P6EW DERs 82% F L D s 1971 CCp t WT s 71MT FUEL STp:1%MT REM CAPS 274MT
TEAR 1N} ]]$y Q}} J1* 11f } H% QO Jfik f*] 13'4 J1$1 D9} MJ D): J1}} Q}} Q9} ly% J1f M) JM9 ff
MT DISCN8GED 23 23 23 23 23 23 23 23 23 23 23 21 23 23 23 23 23 23 23- 23 23 25
pfM STR u O FCR 227 12 9 133 86 40 -7 -54 -101 -148 -194 -241 -28.3 -335 -M2 -428 -475 -522 *69 -616 -662 7C9 '56
ALM STR W FCs 156 109 63 16 -31 -78 -125 -111 -218 -265 -312 -359 -4C5 -452 -499 -546 -593 -639 -686 -733 -780 -827

P Stil?Y 2 VIRGINTA ELECTWIC $ P.*WFW DE R s 822MW FLO= A972 COPE WTs 71MT F UE L STW s CMT REM CAPS CMT
1 E AR

1921 EI7123] 11" 19 Eh 11*13*i 13*37104 291312 UI 1MJ ll?) lli) 19) 1136 39711951U9 2M23 23 23 2 23 23 23 23 23 23 23 23 23 f3 23 23 23MT DISCHAPSED 2J 23 22 2' 2

8 SUSQLTNVftA 1 PEPNSYLVANIA PCHER S (IGHT Cf p s 1052W FlDs 19$ j COFE WTs153MT Fu[L STWs CMT REM CAPS *J1MT
VE AR IU.I EU EIl11I21D} UU IIII E*%17'I UI4 EI9 E171193llU 193 U14 E3)17??12f? E3I UU 2C2
MT DISCHAPGED 0 0 0 31 31 31 3l 11 M M 38 M M 3d M 38 38 M 38 M
REM STE n o FCR 581 581 1162 1131 1100 1039 978 9 17 84 779 703 626 550 474 397 =21 244 163 92 15
FEM S1R W FCR 428 428 1C 39 978 948 886 825 764 693 626 550 474 397 321 244 '68 92 15 -61 -138

8 St190UEHAtNA 2 PEPfSTLVsW A PCNER 8 LIGHT CE R s 1C S2"W F L D s 1953 C0ct WTs153*T FUEL STRs CMT PEM C AP 581MT
J}l} 113) J11] JP] }}IJ Hjj Rj) 11% 3M 19831]{9 3191}}] ll]] 11?) 111$ }}J} J13) IM[ 1}}$ 199] $Q) EAR -

MT DISCHARGE 0 0 0 0 31 31 31 31 31 38 38 38 38 38 D3 38 38 28 M

P 1HPEE MILE ISL AND 1 METROPCLITAM EDISON DEps 819N F L'h 197 3 CC'E WTs 20PT FUEL STh 72MT PE M C APr 716MT
YE AR lil? UM 113111" III} lil) lI*) EU 1337 EI419f? 1997 EU 1110 l'?) MD M% 119% 1U71123 32} 2.CQ
MT DISCHARGED 23 27 21 21 27 2r 27 27 21 21 21 27 21 27 21 21 27 2' 21 27 27 2?
REM STR WO FCR ~47 200 194 167 14 0 114 87 61 34 8 -19 -4 -72 -99 - 17 5 -152 -178 -205 -231 -2M -234 -311
6EM STR W FCR 16 7 140 114 87 61 34 8 -19 -45 - 72 -99 -175 -152 -118 -24,5 -231 -258 -254 -311 -In -364 -391

P THFIE M!tt Islah0 2 METRorCLITAN E3!SC14 PER: 926N F LDs1978 CC#E WTs 89T FUEL STWs OM T EEM CAFs1999T

lIli 1U) 11511U2 lif} 1134 E' 113) EU 11'411M 197919) E92 293 US 19?) Jlli 32712911I91 EQ
VI 49

3 0 20 ZG 23 20 2 2 23 27 21 2: 2 27 27 2 27 27 21 27 21 aMT DISCHAPGED
REM STR WD FCR 199 199 179 159 WO 120 93 67 40 14 -13 -40 -65 -9 3 -119 - 146 -172 -199 225 252 -219 - 3C5
pfM STR W FCR 119 119 99 80 60 40 14 -13 -40 -66 -9 3 - 119 -146 -172 -199 -225 -252 -279 -305 -332 -358 -M5

P 790JAN PORTLate 6EPTEAL ELECTRIC DEDs 1130N FLDs 1975 CORE WTs 8 7MT FUEL STW: 2Mr REM CAP =264MT

M{2I MI{ M} ff 12U E@9 120 IM% lI*? 1314 UI{ 2U0 Ell 1U219731?}$ Ef IU917221213 lMI M2
YEAR

. L 2 29 29 4 29 29 29 29 2 29 29 21 29 .9 69 29 29 29 .9 29MT OfSCNARGED
Rin STR WO FCR 243 221 199 171 142 til 24 55 27 -2 -31 -60 -89 < 117 -146 -175 -204 -233 -26 -290 -319 -348
PEM Sir W FCR 156 1% 113 89 55 26 -3 -32 -60 -89 -118 -147 -174 -204 -233 -262 -291 -323 -345 -371 -406 -435

P TLREY POINT 1 FLORIDA PCMR 8 LICHT CERs 69W F L D = 19 71 CCEE WTs 71FT FUIL STP 156MT REM ( APs124MT
YEA 4 1?]} 198Q ]]jj 1182 jll] 113$ I9J' Mf4 ]]U 19'112$9 JDj 1U] }}92119) J19) M9} ](9$ 392 3]$ jl}9 [jj-
Mt DISCHARGE 0 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 .3 23 21 23 23
#EM STR WD FCR 77 30 -17 -6 3 -110 -137 -204 -251 -297 -344 -391 -4s8 -435 -531 -578 -625 -672 -719 -765 -812 -859 -9C6
ptM STR W FCA 6 -41 -87 -i34 -181 -228 -275 -321 -368 -415 -462 -509 -555 -602 -649 -696 -743 -789 -836 -883 -930 -977

*

P YLMEY POINT 4 FLORf04 POWER 4 LILHT CER 69 #W F LDs1972 S ENPE WTs 71MT FUEL STR= OMT REM CAPS OMT
' EAR 197917$2 Jijt JNg Jijl 1954 JD} ES$ 1937 jy j;M If39 L19j 1932199} 11341p5 lug J337 J171 M3 gic?
MT oISCHARGED H 21 23 23 21 23 23 23 23 23 23 23 23 23 23 el 21 23 23 n 23 23

F-25 )



Table F.6. Continued

P TVROP4[ NORTHERN STATES POWER DE R = 1150HW FLO 1991 CORE WTs 87MT Ft,EL STR= CMT RETE C APs347MTTE A8

lill 212111} EI211U 131111U 1111 UU III4 MU 1112 llI} E!2 Ul} Mf U{2} Mi 17?? E9312?? M9
4 0 0 .3 22 22 29 29 -29MF O!SCHARGED

.
PEM SIR wo FCR 347 347 347 326 304 233 261 232 203 175REM STR W FCR 261 261 261 239 217 196 174 145 113 88
8 VEPMONT VAP&EE VERMCNT TAPFEE MJCLE AR POWER DER = 514N F L D = 1971 CORE WTs 74MT FUEL STR=179MT REM CAP =221MTTEAR RI? E!2 E3] 11H 115) 2011M 1936 E7 B'4 li!9 29 E!! HN 11?) 1129 Eli dst 119? 1195 m? m2MT O!SCHARSED '8 18 is 18 18 18 18 13 13 18 1d 18 18 18 18 18 L8 15 18 18 18 18REM STR k 0 FCR 203 184 166 148 129 111 92 74 56 37 19 0 - 18 -36 -55 -73 -92 -110 -1?8 -147 -165 -114
REM STR W FCR 129 111 92 74 % 37 19 0 -18 -M ,-55 -73 -92 -110 -128 -147 -165 -184 -202 -220 -239 -257
P V0GTLE 1 GEC9GI A POWER DE R s 1100ne F t Ds 1939 CCRE WTs 87MT FUEL $1Rs CMT REM CAP =347MT

-

1}]] jin) 111) 193] M1) 111) lid jf.f} 113J 111j 213) 19.1) 19}j H9219}} 19j}4 g} }}29
vfAR 9% 11]F p?$ 1199 QQ
MT CISCHARGEO 0 0 0 72 22 2 s2 29 29 Zi 29REM STR 4 0 FCR 347 695 695 673 633 587 544 493 4 36 378 320 263REM STR W FCR 261 608 608 m 543 500 457 406 349 291 234 176
P VCGTLE 2 f EORGIA PCLER DE R s 11D OMW F L 9 = 1990 COPE WTs 87MT FUEL STRs CMT RtM CAP =347MT
1E AR

IIII 120 lIll III2 UU 111$ EU 1711 UI2 llIS 211 UI2 U2} E?2 UI) 1234127) 1U$ IIll 119I ll?! WIMT DISCHARCED 0 0 0 22 tf 22 2. 29 29 29 29
P W* SHIP.0 TON NJCLE AR 1 WASHINSTON PPSS CE R v 1251MW FL0s1935 (CRE WTs $2MT FUEL STRs CMT REM CAPS 369MT
VEAR

1213 UI.2 lill 12I213} 11Il III) 12Il III? 13"$11*? Ul} 112] llN lil) 133% E!) 1131112713?) D1P? MIMT O!!CHAFGED 23 22 21 31 il 31 11 31 31 li 310 0 0 2
NEM SIR wo FCR 36 9 369 369 7 'S 692 669 623 570 516 %S 401 34S 279 2 18 157 95
REM STR W FCR 277 277 27/ 623 600 577 531 477 424 370 309 248 187 126 64 3

8 LASHINGTON NUCLE AR 2 W3SMINGTON PPSS DE R s110 3N F t D = 19 30 CCRE WTs153MT FLTEL STW: CMT REM AP=581MT
D E AR 111} 1}If 11.1) 1$1211M) 11M I?j} pf$ ps? 381 pj? 39Q 219) DN J}}) J 9412}} Hij 39] 119} 1199 UQ
MT DISCHAcGE3 0 0 0 31 31 31 31 11 38 13 38 M 38 38 2 38 la 3.5 33 li 38RTM Sra 00 FCR 58 1 531 581 550 523 489 458 428 3?2 351 313 275 237 199 16 0 122 84 46 8 -3; ti
REM STR W FCR 428 428 428 397 367 3% 3e6 275 217 199 160 122 84 46 8 -31 -69 -137 -145 -183 -222
P WASHINGTON NUCLEAR 3 WASHINGTON PPSS DE R s1242N F L0 s 1987 Cone WTs1CMT FUEL STRs OMT REM CAPr434MTvfAP H?] 11!j 111] jp lil) 191911Q 1116 jl1T

1114113? 199] 119J J29199) 1999199} 119$ Dj? 1p{ }}T6t9 MQMY C!!CkARGED 0 0 0 27 27 27 27 36 l' 36 36 36 36s
REM STR u 3 FCR 434 4 34 434 841 814 787 733 672 607 544 472 403 328 256
REM STR W rCR 325 325 325 732 705 678 624 %1 495 455 36 3 291 219 147
P WASHINGTON NLiCLE AR 4 WASMING'f|N PPSS D E R = 126 7N FLO s1938 CORE WTs 92MT FUEL Stas CMT REM CAP =369MT
YEAR

1}i} 1]IQ H1] jjI2111) 138) 111) lili 111219M 19*919,}} 11]1119Q M) 33) M} pjj 12]] 119) jl}} $QMT DISCHARGED 0 0 0 2 23 23 23 Il 31 31 31 31 31
P WASH!NCTON NJCLE AR 5 WA!HINGTCr4 PPSS DE R * 1242N F LOs1993 CCFE WT=1C3MT FUEL STRs OMT REM CAPS 434MT
YEAR

192} ;isj n1] 121; 111} 1113 lin 1911111Z 1913 lill Hit 121] 1132 M3 EI) 12.!11?911?921215 m? MQMr DISCHARSED 0 0 0 (7 27 7 27 % h % %
P hATERFCa3 3 LCU!sTANA PWTR 4 LIGdT DE R * 126 7MW FL Q s 1933 CCRE WTs 92MT FUEL STR= OMT REM CAP 36997
1 EAR

1212191211112I2111} 121312I311*6 P7 '9*412'9111911]] 1191S31?it 123} Hii 119211931339 M2MT CISCHARSED 0 0 0 23 23 23 21 31 al 31 31 31 11 31 31 111 31 31
REM SIR W. 0 F CR 369 369 36 9 3% 323 300 277 247 216 18 5 155 124 94 63 32 2 29 -59
REM STR W FCR 277 277 277 254 231 2CS 18 5 154 124 13 63 32 1 -29 -60 -93 -121 -152
P WATTS BAR 1 TimESSEE VALLEY AUThCRITY DER = 1165N F L D = 1133 CCRE WTs 87MT FUEL STRs OMT REM CAPS 347MT
TEAR 1911 JUQ lill MI2 ff) llI$ 133) F.i IIII EI4 UI? 119112311.22122) 119% 123) $612?] 335119? 2.M9MT DISCHARGED 0 0 0 22 22 22 22 29 29 29 9 29 29 29 29 29 29 29 29 29 29
REM STR 4 0 FCR 347 695 695 673 6 30 587 5% 493 436 378 320 263 235 148 93 32 -25 -83 -140 -195 -2 %
REM SIR W FCR 261 6C8 6C8 586 543 '00 437 4C6 349 291 2% 176 115 61 3 -54 -112 -170 -227 -285 -342
P L'ATTS BAR 2 YENNES5tf VALLEY AUTHCRITY CE Rs 1165"W FL D s 1981 CCRE WTs 87MT FUEL STRs CMT REM CAPS 347MT
TEAR li'.! 12D Hij 11321113 lili 21:311*6 lif? E*4 li'? 1192 E9111M m) H?S 195 H96 39? I??S lt?! MQ
NT DISCHArcED 0 0 0 22 Zi 22 22 29 29 29 29 29 29 29 29 29 29 29 29 29
P k?LF CPEEM 1 KANSAS 6AS a ELECTRIC DER 115CW F L D = 1936 CCRE WTs 87MT FUEL STRs DMT REM C APs347MTDEIR 112] 110 j91] 1112111) 111311Q 191$ 191719f4 I!)? 1992 H9J jl92 jl9} 1993199} 1996199? H93119? $qMr CISCHARGED 0 0 0 22 22 2. 22 28 29 29 29 29 29 29 29
REM STR W 3 FCR 347 347 347 326 304 283 261 232 203 175 146 117 88 59 31
RLM STR W FCR 261 261 261 239 217 196 174 145 117 88 59 30 1 27 -%
P Vat & EE RC%E YAt*EE ATOMIC ELECTRIC CEsa 175N FLC s 1960 C3RE WTs 34MT Futt STRs 67MT REM Cap =109MT
TEAA 117) 11]) JIgj jij2 M*) R$) 191} 19jj Q9 13*411$9 2]]} M9] }}_9211}} j91319J} lt}} jl}[ 111) L999 gjjg9 9
NT CISCHAPGED 11 11 11 11 11 11 11 11 11 11 11 11 34 0 0 0 0 0 0 0 0 0
REM STR k 0 FCR 246 235 224 212 201 190 179 167 156 145 1% 122 83 88 88 88 83 88 88 88 83 88
REM STR W FCR 212 231 189 178 16 7 1% 144 133 122 111 99 88 88 88 88 88 88 88 88 88 88 88
P YELLOW CREEK 1 TENNESSEE VALLEY AUTHCRITf DEN s1285N F L0 s t938 C00E WTs 87MT FUEL Stas CMT REM CAP =347MT
YE AR }}]} jl[j ]]]j ligj jll) ljig 111} 1{1( j91? Jjf4 J]f? 1]9) 199] j99211] lijj 39} jjjj 1197119) J}99 $Q
MT DISCHARGED 0 0 0 22 22 2. 22 29 29 29 29 29 29
RE11 STR wo FCR 347 34 7 695 673 652 6 38 565 515 464 407 349 292 2%
RE 1 STR W FCR 261 261 608 586 565 522 478 428 378 320 262 205 147
P YELLOW CREEK 2 TENNESSEE VALL EY AUTHORITY DE # s1285MW F L D = 199 3 CCRE WTs 87MT FUEL STRs GMT REM CAPS 347MT
VEAR 191111*j 113] lii; jl{j J21119Q 113619{211f3 R$1111) jll] H221]]} 1794119) jl96 jl9? 1195 l}}) 2922
MT DISCHARC-ED 0 0 0 22 22 22 22 29 29 29 29
P ZIr#1ER 1 CINCIWATI GAS 4 EL ECTRIC LMRs $10MW FLDs1980 CCRE WTs252MT FUEL Stas CMT REM CAPS 008MT
YE AR 11111119111) 125212]] 1219121} 12f6 31212I4 Mlf 122911?] 1??l 11?} H1) D1) 1236119? 1193122? Z2.79
MT O!SCHARGED 0 v 0 63 43 63 63 84 84 84 84 84 84 84 84 84 84 84 84 84 84
REM STR WO FCR 1C08 1008 1008 945 882 8 t9 7% 672 588 504 41? 335 251 167 83 -1 -86 -170 -254 -338 -422
REM STR W FCR 7% 7% 7% 693 630 567 504 420 3% 252 167 83 -1 -85 -169 -253 -338 -422 -506 -590 -674
P ZION 1 COMMONWE ALTW EDISON DER s 1040MW FLD s 1972 CCRE WTs 87MT FUEL Stas 139MT REM CAPS 252MY
TE AR III} MO 113] l2j? 123} 11 1135 lif t lill 11'411511911119] 1122112} 1339199} 1936 J2}? j]9311?9 2129
MT DISCHARGED 29 29 29 29 29 2 29 29 29 29 29 29

670 13 -45 -103 -160 -218 -275 -333 -391 -448
9 29 29 29 29 29 29 29 29 29

REM STR h'O FCR 761 704 646 589 531 473 416 358 301 243 18 5 128
REM STR W FCR 675 617 559 502 644 387 329 271 214 156 99 41 -17 -74 -132 -189 -247 -305 -362 -420 -477 -535
P ZION 2 COMP'3P4JE&t TH EDISON DER s1040MW F L D = 1973 CORE WTs 87MT FUEL ST1s CMT REM CAPS OMT
YE AR 117} jl3Q 11'1 E2 J2}} 193319M jj!6 ]]3? 12!4 jlf919921}9] jl9219]} Dj$ J2951126 jl9? jj$$ 199? Zjpg

22 29 29 29 29 29 29 29 29 29 29 29 29 29 29 69 29 29 29 29 29 29MT DISCHAMED

'O ,N
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Table F.6. Continuud

a 230 B Of es1130W F t D* 199 7 CCSE WTs146MT FUEL STRs CMT REM CAP 556MT
VI A8 11U IIM Mll 11I2 HU UM 12M EM IU2 UI) Ul219.12 Ull 1131 EU MD 11U MM 112] 1133 ll9.} C79
MY DISCHAPGED v 4 e 29
#EM Sif Mc0 FCa 556 556 556 !?7
REM SYN WFCR 410 410 610 38 1

B 230 B cr es 1180MW F L D s1997 CceE WTs146MY Futt stas CMT stM CAP 556MT
vtAs 111] 121) IMJ 11*1191} jl3 }}}} 191) IMZ 1913191) 121g 191] l}91110 llB 119) jlg J199 1]]) Q9 Cig
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Table F.6-A. Summary Alternative 3 (Unlimited Transshipment) Showing
Discharges and Remaining Storage for Each Year,

with and without FCR
(230 GWe Installed in Year 2000)
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b h
Table F.7s Storage (with and without FCR). Discharges, and Pertinent Informatica

for Individual Reactors Used in Data Base for 280 GWe Installed in Year 2000 EQ
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pt1 STR wo FCR 554 556 5* 6 527 4t8 461 443 410 374 137 301 g ~3
-

RLM STW W FCE
418 410 418 38 1 352 322 293 fi,4 227 11 1 154 C_ Q

N.__
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RLM Sta W FCR 2*9 249 249 231 213 195 178 100 1 33 115 93 71 49 27 4 -18

P Pf avtB VALLEY 1 OuwtStJ LfCHT Otes 852124 FLCs1975 (CFE WTs 71MT FbtL Stas OnY RtM CzPs375t*T

111? 11M fi) lT 193) E') MU F1 I{17 EM E'1 D*1119111" IU) li't 11;5 E'A 197 lD) ll? 20.4"3
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Table F.1. Continued
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Table F.7. Continued
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19

IMT Of'CWAPGTO 4 0 31 31 31 31 31 21 M is 3.1 M 23 IS 53 a$ sa LS '8NIM 579 We0 FCR M1 331 1162 1131 11CO 1019 978 9 17 8' 8 779 7G3 60s *53 474 397 321 244 16 3 92 15 -61FEM STR W FCR 424 423 1001 978 948 846 825 764 615 626 550 474 397 321 244 168 92 15 -61 -138 -214
,

9 9t"ML'fMAhh4 2 Pt*Pr5YLVANIA POTR 8 LICHT 0?'s1052'*4 F L3:19f 2 CCit WTs153MT FUtt STRs CMT PEM CAP-581MTVI AR

II21 EU EI] MM 11Il lfIt lil) IIli E'l7 fl1 fM 219 391 MM F) 1194 3199 MN E? EI 192 MQ57 CISCPt.ert0 0 0 4 31 31 a 31 11 3 ', M ;S M L3 13 13 33 53 3.3 M
P T*srt Mtit !?L ANO 1 NITPCPOLITAN E01$0N OfRs $19tS4 FL C s 1973 Cor't WTs 81MT FtTL STP *2MT stM CAa 266MTild s

li'? f.Q fll ifE *) flj E'S 19 237 E' Ei 39) Uy 11U 119) JU41471]2 U27193 E99 Uf7;0 er 2r 27 77 2 27 2r 27 27 27 2 ;7 2i dMr DISCHA"Gt0 27 27 27 27'.
FEM til Wd FCW 247 223 194 167 1(0 114 27 61 34 8 , -19 -45 -72 99 -125 -152 -175 -2C 5 -231 +2!3 -23 % -311FCM STR H FC# 167 140 114 87 61 34 8 -19 -45 -72 -99 -125 -152 -178 -205 -231 -2 2 -234 -311 338 -364 -311
P TWPf( Pitt ]$LANO 2 ME T*0*0LITAM ECISC*t 9t s 905 F LD s 1975 CC9E WTs SOMT FLTL STWs OFT PEM CAPS 199MT121) y gy 1"{ f.23 33$ p!} 11M 30 J}s3 y'sg gg"Wp9j gggg ;i95 yg 1953 39137 jigjyn 3,YE AR

t T cIsCento 0 0 ;g 23 20 20 27 7 4 27 21 .7 2r 27 27 zu 27 27 21 27 H 2REM Sie K 0 FCR 19 9 199 179 159 14 0 123 93 6' 4C 14 -13 -40 -66 -e 3 -119 -146 -172 -199 -225 -052 -279 -305RLt1 STR W f CR 119 119 99 83 60 40 14 -13 -40 -46 -93 -119 -146 -172 -199 -225 -252 -279 -305 -332 -358 -3:5

P TE VAN PCRTL60 G!NERAL ttfCTRIC CEN s1130NW F L D = 1975 Ccet WTs 87MT FUEL Stas 29dT REM CAPS 264MTTIA'
ITU U] E3I MI212U HQ E) 11*6 UI? U.*I 23? 1219 MU EN E9} UIS 10) EN 1Dl E 112I EU2MT DISCHA*Gt0 22 2. 22 24 24 ;# 29 is 29 .N 29 ;4 29 il 29 24 29 29 3 4 29 29FlatSTR N/0 FCN 243 221 199 171 142 113 84 55 27 -2 -31 -6C -89 -11' -146 -175 -204 -233 -261 -210 -319 -348REM STR W FCR 156 134 113 84 53 26 -3 -32 -60 -89 -118 -147 -176 -234 -233 -262 -291 -320 -348 -377 -4C6 -435

P TLR> ET PCINT 3 FLORICA P0ldR R LIST SfWe 69354 FL 0 s 197 e C0pt WTs 71FT ft,TL STRs156MT REM CAPS 124MTYt *9
3711U21"I 11'2 U*I "23y1 4 El El1?"l 214159109 H11 IU2 J911 E}4 F5 lut L9_711?9 2?? U21"

MY orstaAssia 23 23 23 23 . 23 23 f 23 ;3 ;i 21 25 21 .1 2s :3 25 21 23 23em 1To w o FCa 77 3a -17 6 3 -110 -157 -204 -251 -297 -we -391 -4 ss -4a -5 31 -578 -625 -672 -719 -765 -812 -ass -906stM sTR W FCR 6 -41 -87 -134 -181 228 -275 -321 -368 -415 -462 -509 -555 -6C2 -649 -696 -743 -789 -8M -8s3 -930 -977
P TWRET POINT 4 FLO'!DA POLER 8 LIGHT CER: 69 3HW FL0s 1972 Cone WTs 71MT FLTL $TRs CMT SEM C APs CMT

U.if F9 F1 E'31*3 19'i 11] M?i 3211) U'91*27119] U21 EU F 121) F% 12M II'I 1999 200
9 t AR
PT Di$*dAP0iD 3 23 23 23 2 23 2. 23 23 23 21 23 23 23 i3 23 23 23 23 23 23.

P T VE 0r( PC#TMCR4 STATES PCblR Cit:1153tte F L0 s 1958 CC'E WTs 87MT FL EL STRs OMT RIM CAPS 347MTT E AR

ifR 21,2 f1j 1112 21) J1i) I?i} 12') 1112 li') 1719 jll) $?] JP? JU) 119g M1) liJ'9 119' 1933 1199 U])MT D!5 CHARGED 4 3 3 22 22 22 2. 19 . El i9 29 29REM $1R n o FCR 347 347 347 3;6 304 233 261 232 2C3 175 14 6 117 88RLM s!R W FCR 261 261 261 239 217 196 174 1*5 117 88 59 38 1

9 VEPtTNT TANKEI vtRtY Yavit NUCLEAA PChER etas 51a.9W FL D = 1971 CC9E WTa 74MT FUEL STRs179MT pin CAPS 221MT'I AR
MIT 13II M*] 11121D ED 11') IC 1DI 121-1 DI? 2112 Ell 182112) IUi 111) 11% 11M 1?53 21 U.C2PT DISCHC!D IS 15 la 13 18 la 18 la 18 13 18 15 18 18 18 38 18 11 18 18 18 13REM STR W 3 FCP 203 13 4 16 6 143 129 111 02 74 56 37 19 6 -18 -36 -55 -73 -92 -11G -128 -147 -165 -154Fin 57R k FCR 127 111 92 74 56 37 19 8 -14 -36 55 -73 -92 -110 -123 -147 -105 -154 -2C2 -220 -239 -257

P bCSTLE 1 6fCR3!6 PCWER
DF # s 11C M4 F LD s1933 Colt WTs 87MT Flit STRs CMT REM C APs347MTYI AR 112.1212 rij ff.2 21.11?111215114 21? 1113 E91112 Htl 29; H2311961i92 Jun 29? HM HI? EMPT DISCva8GtD 4 0 0 22 22 22 22 26 ;9 29 29 29 ;9 29 29etM s R W4 FCR 347 695 6 9', 673 633 '47 544 493 436 378 320 263 235 148 90pen $7R H FCR

261 608 6CS 526 543 SCO 457 4:6 349 29 1 234 174 118 61 3

P VCGTLE 2 GECRGI A PC'4R
CERs11CCN4 FLDu t917 (C'1 bis 87MT FUEL S Ws CMT REM CAPS 347MTTIA9

E2.I III213I31"1 UI) Illi Ull lill fI' EM 1*.*91191 f 93 fM 1913 fS M9519M 1191 F) 119] 200MT 0!SchARCIO 6 4 6 ;2 22 22 22 it 29 29 19 29 ;9 29
P WtiHINCTON NUCLTAR 1 ha*.,819GTC'4 PFS$

CENs1251N F L D s1933 Cc E WTs 9?MY FUEL $TWs CMT REM CAPS 369MT%IA9 191) jlly 11] M[219]} 1]I) J185 R34 HP7 J9'$ JD9 JDQ j9]] J19? ji}} 111g Ji9} 199) jp7 }}S} 119J [pQPT CISCHARCED 0 4 4 21 13 23 25 31 31 31 31 31 31 31 31 31 31 SiSEM 579 W/0 FCR 369 369 359 715 692 669 (23 570 516 463 431 343 279 2 18 157 95 34 -27R[it STR W FCR 277 277 277 623 603 577 531 47) 424 370 309 24S 187 126 64 3 -58 -119
8 WAS:iIheTCt PCCLE AR 2 WA!HINGTC1 PPSS CERs1133t A FL0s ?983 (CKt WTs1539T FLEL STRs 057 p[M Caps 581MTYEAR 1312 lili 1113 lil219.) 2M II*I fM 11'I ll'I lII? fiQ lilj 1192 lil} lili 11D 2h E!l El 1111 U29MT cIer.Hapets e O C A 31 31 31 31 n 18 M 2.a is is M 33 53 n u 23 nr*M ST? W-0 FCR 521 58 1 Tel 5'O 500 439 4M 48 390 351 313 275 237 199 16 0 122 14 46 8 -31 69PEM STR W FCR 428 428 4:8 397 M7 3M 336 275 237 199 160 122 84 46 8 -31 -69 -107 -145 -133 -222

P W?tMIP*, TON NJCLFAR 3 WASHIN1731 PPS1' Ct R s 1242'N FLD =1985 CO*E WT81P!MT FLTL STps OMT #CM CAPS 434MT
VIAR M'I 21712Il f.12 f1) Mai EEI EO EM E39 M*I 1 119211U 11}$ 111) El 1021D} Elf UlfMY CI:CuartE3 0 0 27 21 27 2 u 36 .6 a u u 36 u aRIM SIR W D FCS 434 434 863 841 814 763 7C6 643 !33 508 4 36 364 272 220 148 76
REM STD W FCR 325 325 759 732 705 651 597 5M 471 399 301 2;5 18 3 111 39 -33
P wasM!M CM NUCLE A9 4 WA* MIN 37tN PPSS Cte s1267W F L D = 1936 COME WTs 92MT FUEL STR8 CMT RIM -C A Ps 349MT/
TEtt

1171191219311212 li') 19M 111 11111217.19fe 2*!91991 199111N H21 J19% JU) 191) 22571134 L9991119t!T CISCMAPGE3 0 0 e 23 23 73 23 31 31 31 31 31 31 JI 31
P Wi!HINGTM hUCLE AR 5 Wasw!Msic's PPss Dip:1242W FL 081937 CC*t Wisithi FUEL STRs CMT PEM C APs43'.hi
Yt'P 112.1 III.211311113 f.1) Eli IIII IIll 19.k711101131$ D13 EN 111) 1193 M1) ED 192 3DI 111I E$.02MT DISCHAFCt3 d 0 0 2r 21 27 27 h h h 26 % 36 %
P WATIFFCFO 3 LCt151AMA PCktp B LIGHT DERs 1067W F L Ds 1931 CC91 WTs 9'MT Futt STP8 CMT REM CAPS 369MT

111] IIII E1] M*3111} EM El 1".z3i E37 II*I 199
YEAR

31 D'9*1 L9913 93 L99)1394119711911992 El)Ill 2IMs 0 0 23 23 23 31MT DIsCuarCED 1 31 31 3i li at 31 at 3i 3 at
REM s?R E O FCR 369 369 369 34 6 323 300 277 247 216 135 155 124 94 63 32 2 -29 -59 -90 -121
PL'1 STR W FCR 277 277 277 254 231 US 185 154 124 93 63 32 1 -29 -6r -90 -121 -132 -182 -213
P WtTTS PAR 1 Timtstit VALLEY AUTHORITY CERs116P'J FLD =1920 CCRE WTs 87MT FUEL STps OMT Rim Cap:347MT
YD9 11ZI 111I M1] EII 11*) EM 11*) 11I% MU El 109113 3D] 1172 M1) ff) H}} Ji46 jim ll?3 393 gDQ

0 0 0 12 C2 22 22 29 29 ;) 27 19 29 it 29 27 27 29 ;9 19 19MT c!T*HA9012
stM sTR WO FCR 347 695 695 673 6 30 $37 544 493 436 378 323 263 2C5 148 to 32 -25 -83 -1U) -198 -256
REM STR H FCR 261 6C8 605 506 543 500 457 406 349 291 2 34 176 118 61 3 -54 -112 -170 -227 -235 -342
P k&TTS 8AR 2 ftNNE$$tt VALLEY AUTHCPITY DIR81165W FLOs 1981 C0rt WTs 87MT FutL STR= OMT PtM CAPS 347MT

jg2] J11g j_911 jig 31} 11541*3) 171% g*Z ft,$ 31.sj 11M 31] Ji92141} J19,4,119} 19.M D1] M43 pl? C09vfft
e a 0 .2 22 22 22 29 29 29 ;9 27 29 29 29 19 29 29 29 29MT o!stwArtt0
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Table F.7. Continued

P F3LF CRttu 1 RA* GAS CAS 6 (LICTRIC C t t s 115 *FJ FL0s t9*4 CTE WTs 874T FML STRs CMT RtM CAP =347MT

Elf E13 Ell E.22 E.3 EIt E3111'1 El' E*1 H"2 2.!? 11M M*? 11U 21'9 *219p 21'7 1*" ''11 C9YEe
0 0 0 22 22 3 22 29 29 29 29 79 69 29 29 29 29"Y DISCpt%ID

REM STR WO FCR 347 347 347 306 3C4 203 261 232 203 175 14 6 it? LS 51 31 2 -27
FEM SIR W FCR 261 261 261 239 217 196 174 145 117 C8 59 33 1 -27 -!6 -85 -114

P YA4 [[ PCWE VAhnrtt ATL*[C f([CTRIC D(E s i@4 FLO= 196 0 C07E WTs 34MT FUEL ST's 6'"Y Rtg C AP=109MT

f t A9 RZ1 f t f } Bl] DD g}9 RQ 111% HQ 1DQ 19t} 212 lyj 12N j!L} f} Dl} JDt *%U B RJ) Mg
Mr DI'CHAs5ED 14 11 11 11 11 11 11 11 11 Il 11 11 o 0 0 0 0 07 0 0 0

RfM ffR W 0 FCR 246 235 224 2 12 201 190 179 167 156 14 5 134 122 83 M (8 83 PS ES 88 E3 88 88
Ptn STR W FCE 2 12 201 10 9 17b 16 7 1% 144 133 122 til 99 t,8 38 f,3 f4 88 23 P3 88 23 t,3 84

P YELLOW CFtfx 1 Tt*Nisstt WALLtv AUTHORITY Ots s 1285W FL0 s 1976 tC9t WYs 87MT Futt STR= 0"Y Rtn CAPS 34?MT
'l?" 1111 Ei$ 11*ni E111101%.h lii)llE E07 ES3 E.O 11D 110 212E 110 E?% ES1 Uh 1?? ]ES 1El M1
Pr CISCHA'510 0 3 0 72 22 .2 22 29 29 29 Id '9 29 21 29
PtM SYR M'O FCR 347 695 695 673 6 30 537 554 413 436 378 320 _13 2*5 148 93
FEM SYR W FCR 261 6CS 6C8 52 4 543 SCO 457 4CS 349 291 234 576 118 61 3

P YTLLCW CRtIW 2 f t*RTS$tt VAtttY AUTWC91TV Of f s 123?W F L O * 1937 CC't WTs 8)MT FCEL STRv CMT REM C APs347MT
vt M I!E EM 113.3122 2DJ lilt Eli 1*fi E1' U131219 EU E91222 lid lDi 1") EM E!! lill 3D2 MO
MT c!SCHA?GT2 3 2 0 22 22 22 22 29 29 29 29 ;9 29 29

P IIMMER 1 CINCI*ATI CAS 6 EstCTRIC CENs $1CW F L 0s 1979 C09E W's?$2MT FUEL STRs OMT REM CAPS 008MT
ft R

322I 1119 1111 III}' IIIl III) HI) EIl EE EM EII Ef 2 213 E32 E!I IU$ S) E91122 M MII CI6 63 63 63 E4 84 84 34 24 84 4+ 84 84 84 A 64 84 44 84MT CISCFARGiD e 0 0
RCM l'd WO FCE 1038 1008 1C *8 945 822 8 19 7% 672 '44 504 419 335 251 167 83 -1 -86 -170 -254 -318 -422 -506
PEM $!R W FCR 7% 7% 7% 6*3 630 56 7 SC4 420 Jh 252 16 7 83 -1 -85 -169 -253 -333 -422 -536 -590 -674 -758

P 210tt 1 CCt?WE ALT 4 tDISCM C E s s 1C4% F L0 s1972 C2't hts 87HT Full STRs13997 REM CAPS 252MT

191) q) 22111} 11fj fj J9'} 11}7 gj-3194} y211)9] hq jlf} ji16 39) 39) 12921Dj 1t99 21.70VEA*
29 .9 29 29 29 ;9 29 29 29 71 29 29 si 29 29 29 29 29 29 29MT fj!SCHAEGtD 2 .

RtM SYR wo FCR 761 706 666 559 531 473 4 16 353 331 243 ta5 12 8 79 13 -45 -103 -140 -215 -275 -333 -391 -4*8
REM STR W FCR 675 6 t7 559 SC2 444 387 329 271 214 1% 99 41 -17 -74 -132 -189 -247 -3C5 -362 -420 -477 -535

P 2 ION 2 Cara%Wt ALYN EDISOM C[R TCweJ FL3:1973 CC#t WTs 8'MT FU(L STRs OMT REM CAPS OMT
EI2 E33 E'2123) Efi EU Fi 12f? EI3 EI? lip II93 F2 ll?} 113312) 31% E.9' 1PI EM U2*(" 7

29 29 i9 29 29 29 29 29 19 29 .9 29 29 29 29 29 29 29 29 i9MT DISCNAPSED

6 230 t C r e s 11eMe F L D = 199 7 COSI WTe146MT Futt SYts OMT PsM CAP =55tMT
TI At l}]] ltD jjlj 1912 M!.] 1]jj 111} HI) 1112 M131}]] 12]j jl}J lig j9,D E9311}} J2fg E12 lit; j}]} 2f*;g
MT CISCHARGED 8 0 C 21
REM 579 n o FCR 5% 5% 5% $27
PIM STR W FCA 410 410 4 10 38 1

92300 D E 's 1130's4 F LC s1997 CORE Wis146FT FUFL STRs ONT REM CAPS 5*6FT
YI AR 11211I.2 E.1313I2 EI} Illi III21111212 21313EI 11101113 E22112) Eli 122 E1117.I2 lill 1217 2109
MT DISCHL9Ct3 0 0 C 29
REM STR sv0 FCR 5's $56 5% 527
NEN STR W FCR 410 4 10 410 381

9999 2Cs'a391MT
P 233 P CER s1250'sa F LSs 1h ? CC't WTs 93*T FUtt STRs CFT REM C A

112} M1211111112 M1} 191) jij) 1111 lij211M 191} 192.9121] 229] lil} 21) 121) 121} liil 121] 7T E AR
0 0 ;4MT DISCHA*3fD

REM S?d n o FCR 39 1 391 191 3* 6

#f M SIR W FCR 293 213 293 269

P 230 P OER 125*W F LOs1997 CCet WYs 95MT Futt STRs CMT Riot CAP 391MT
YEAR 112} }}}2111] lig 111) lili j'I) 121) fjl l!M 111) in) 111] U12 jf91) 1113 Ml} 3131121.111) jj}} 2097

MT DI CH AP0E0 0 0 0 2*
NLM S!R n o FCR 39 1 391 391 366
RtM STR W FCR 293 213 293 269

P233P DE N s 1250W F L D* 1997 CODE WTs 98MT FUEL STRs CPT R[4 C APs391MY
TIA' E E MII lill IIf2 IIU 1111 E U Illi 2I2 IIU EII U12 1313 122 213 Eli Ill) lill 111? 1133 E33 2I22
PT CISCHAR$t3 3 0 0 24
PEN STR ue0 FCR 39 1 391 39 1 3i6
E!M ST9 W FCR 29 3 293 293 269

P 230 * Otp s1250% FL3:1997 C08t WTs 9MT FutL S!Rs OMT REM CAP 4391MT
tta 12221112 E111212 F.3111$ E12 Eli E12 U.:e 1112192111] U12 E2J 1213 EM lili 11121213 lill 21
PT DISCHAssr0 0 0 0 24
PCM ST9 n o FCR 391 391 391 366
RLM STR W FCR 293 293 293 269

82803 OtRs1130m FLD s 1996 CC*E WTs146M' WEL STRs CMT REM CAPS 556MT
VIH 112} 1119110 EI3 EU EI$ 11}} IlII Ull MIS 1112 122E 112.)II12 E1} 11D E33 121 li E.15 E51ED9
MT O!$CNAPGED 1 0 29 29
PEM bre W 0 FCR 555 555 556 527 493
eEM Ss3 W FCR 410 413 410 131 352

82338 DER s 1180*4 FLD s 1996 CTt WT 146MT r.XL STRs OMY REM CAP 5%MT.

it Ar 1111 E11110 lill 11011% EU Elk 10I 112 E1111'E 11211110110 lith EU 19h 11N E311?? W3
MT O!! cwa 9GTO O O O 29 29
E E N S TR W,0 FCR 555 556 556 527 498
#EM STR W FCR 4 'O 410 410 38 1 352

8 030 B Dres1133*d FLD =1993 COOT WTe146MT FML STRs C*tT REM CAP 5%MT
if A* 11111119 EE.1 E12 EU Elh 1901?1b 201 lill Elf E12111111% E1) 110 E1} 2% EN ESS 11'125.00
M' OISCHANGFD 0 0 0 29 i9 29 29 29
REM STP wo FCIP 556 5% $!6 527 493 46? 440 410
RIM STR W FCR 410 410 410 381 352 322 293 264

82838 CERs118YA TLDs1996 CO*E WTs146MT FUEL STAS CMT FEM CAP 556MT
ilM 1121 EB.E 1101 Ell EU 110 Elk Elk 12111?& 1212 lill E111112111} 111% 1111111b E111215 M2 2110
MT Otstwar:ro 0 0 0 29 29
RtM Sid wo FCR 556 556 5% 527 493
RIM STR W FCs1 4 10 413 410 381 352

(% : q ; t %A
D A, [
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Table F.7. Continued ~ '

S 250 s DERs1180ted F t 0 = 199 3 Cort WTs146MT FUtt ST9 DMT REM C APs5*6MT
vt AR H21 I?l2 lill E!2 E!J 11It EU MIA 221Z HM HU lilt 119.3112; ni; 11'$ HD E9) 21?T F3 21?? mt
PT DISCMARGES O O 0 19 29 il 29 27
Rits STR wo FCR 1% 5% 5% 527 ** 8 469 440 410
REM STR W FCR 410 410 410 381 352 322 293 264
8 210 t Ot Rs118C'e Flos 1993 Coet WTe146MT FLtt STRs DMT Ptn CAP =554MT
YEA 9

If22 HU HU f*211U MI$ EI3 RIA H12 HU 2112 2121211 E!2 2DJ 2124 lt?) EM H!' ll.it 129 290 6 0 25 2I 9 il 29MT DISCNATGt0
REM STR WO FCA 5* 6 5% 5% 527 4'S 469 444 418
PEM $T4 W FC4 410 4 10 410 38 1 352 322 293 264
92368 Otsett8CMW F L O * 1995 CC11 WYs146MT FL1L STR= CMT Rtm CAPS 5%MT
It 18 M22110 21} III2 EI] IIU 12I3 UIl MI212*:3 lin H2A lill 2I2 IIU l!!i HM Hij H22103 hit D*t
FT OltCWARGEO O e 4 29 29 29
# tai sTR wo FCR 5% 5% 5% 527 498 469
RtM STR W FCR 4 10 410 410 381 152 322
32838 Ota =1130*se FLOs1993 (Cet WTe146MT FUtt S!No OMT REM CAPS 556MT
91 AR

IIll lIII Ell III2 EU EU 110 MI.) 3I32 IIIS IIU M12111] III2 IIU UD SIU Illi EI21DI IIII E.OMT O!SCHARCfD 0 0 0 24 se 9
REM ITR wo FCR 5% 5% 5% 527 493 469
REM $7e W FCR 410 410 410 381 352 322

0 280 B Ot t s 118CMW FL0s1995 C0ft WTs146MT Futt Sits SMT 6EM CAPS 5%MT
Yt AR 32) j!!) 121} 1112 lig 1113 l}D flig }}}Z gig j23] J21g flij 322 J11J 211) R} f mg
MT DISCMARGto 9 9 2$
REM STR wo FCR 556 5% 5% 527 498 469
REM STR W FCR 414 413 41J 38 1 352 322
0 280 t Otas1180tte Flo s1994 CORE Wis146MT Futt STR= CMT REM CAPsi%MT
vt AR 32) jiU 1111 }}{211Q 1113 31) 1,lg 121Z 313 liig gig 111j j}]] J2}} g g
REM STR WO FCA 5% 5% 5% 527 498 469 44s
atM STn W FCA 410 410 419 M1 352 322 293
82805 Otts118 Cree FL0s 1994 CORE Wis146MT FUEL sfes OMT REM CAPS 5%MT
TEAR M22 MIS IIll EI$ 1101I11 EU III.i lIll IIII UU 11191111 MI511U 1211 11I% UT{ 113 3 U29MT DISCHAPGt0 $ 9 2 29 4 29REM STA wo FCR 5% 5% 5% 527 498 469 440
REM STR W FCA 418 418 410 381 352 422 293
8 230 S Otts118 Cree FL0s 1994 C0pt WTs146MT Futt Stas OMT REM CAPS 5%MT
YI AR J2221912 jt1] 1!j2111} 1211111} MI) 111Z Dlj 11M 1112111] 1122122) 11}$ 112) 1926 R371193119] DjgMT DischAPGt0 e 4 4 24 29 av 29RtM STR wo FCR 556 5% 5% 527 498 459 440
RIM $TR W FCR 410 410 4 18 381 332 322 293
0 280 t OtR:1180'ee FL0s1997 CORE WTs146MT FUEL SYan CMT RtM CAPS 5%MT
YE AR

3122 lIII Ell III2 HU lII.) III) 11Il III2 IIII 1212 lIII 1123 HI2112312.11 El) HIA MI} IIII 119} DIMT DISCHARGEO s e e 29REM STR wo FCR 556 5% 5% 527
RLM $TR W FCR 410 410 410 381
P 280 P OtRs1250tte FLO *1993 CORE WTs 98MT Futt STes CMT REM CWs391MT

112} 111) 121] 1112 11 0 lili 11 0 1111 1212 1214 1112 1112 111] 1112 111) 1123 lil) 1196f t AR
9 11231191 U29MT DISCHARGEO 4 0 4 ;4 . 24 24 32REM STR wo FCR 391 391 391 Ju 342 318 293 261

REM STR H FCR 293 293 293 269 244 229 196 163
P 230 P

C E R = 1250'94 FL0s1993 CORE WYs 93MT Ft:tL STR= 0*T REM CAPS 391MTYEAR
122] IU) 113J 121211U RI.) HD 111) 111Z J13 E121212111] J11211M R13111) JU) Dil 1233 3}} MJPT OttCHAPGEO 6 6 8 24 24 24 24 xRtn STR wo FCA 391 391 391 366 342 318 293 261REM STR W FLA 29 3 293 293 269 244 223 196 163

P280P
OER31250rnd F L Os1993 CDPt WTs 93MT TutL STRs OMT REM CAPS 391MTVI AR 112] 1112121] 1212121} 1}Q 111311111932 j*U 1212 Hij 1211 jl22191) 11_$ l}}) 11M R22 Mil 11}1 Maj9

MT OISCHARGES S e 9 24 24 24 24 32RIM STR wo FCA 391 391 391 306 342 318 293 261
REM STR W FCR 293 293 293 269 244 220 1% 16 3

P 283 P CEN s 12= CMW FL0 s1994 COPE WTs 9tMT FUtL STR= DMT BtM CAPS 391MT
vtAR 11211I12 Jill 232 RIJ 11111I13 Hai l!I2 EM l!II 31211231122 IIU DIt g g H{I H;) II{I 2123MT O!!CHAPGES e 4 a4 4 24
RIM STR wo FCs 391 391 391 36 6 342 318 293
REM STR W FCR 293 293 293 269 244 220 196
P230P 013:1250994 FL0s 1994 CORE WTs 98W FUtt STRs DMT RtM CAPS 391MT
TE AR j}}) pij j1ij 1112 301]jj 20121{ 212 ft) 1112 Mij J].3,] M12 MU lil$ 119 lih 1}}Z 129) M9) U19
MT DISCHA9".;to 8 0 0 24 24 24 24
REM STW w0 FCR 391 391 39 1 366 342 318 293
REM gTR W FCR 293 293 293 269 244 224 196
P 230 P Cte 1250fte FLOs1994 CORE WTs 98MT Futt STRs CMT REM CAPS 391MT
TE AR 11ll lIII MI.) III2 IIU llli MU 20 MI.I MU MII MII 1113 IU2 EU 112) 1193113 EI211TI II91 EE2
MT O!SCHARGEO O O 0 24 2s 24 24
FtM STR WO FCR 391 391 391 3% 342 318 293
RFM STR W FCR 293 293 293 269 244 220 196
P 280 P Otas 1250PW FL0s1995 CORE WTs 93MT Fett STRs OMT REM CAPS 391MY

IIII JU2111] E!2 HU E11 EU 1U1 lIll IIM H1! E19 lIll 1122 l!!) 2I3 IU) EM 19.I,7 H231U2 ZG,
YEAR
MT offCNARCtB 0 0 0 24 24 2
REM STR W/O FCA 39 1 391 391 366 342 318
REM STR W FCR 293 293 293 269 244 220
P 230 P OtRs1250Me FLDs1997 CORE WTs 93'1T FUtt STRs OMT REM CAPS 391MY

MT c'IsCnARGt0 1122 3III EU MI2 EI) Ell 11U 11U HI2 214 HII 11II IIII IU211U fli IIII 113 IIII 111$ 1117 2102
TEA

0 0 0 24
REM STR wo FCR 391 391 391 366
RIM STR W FCR 293 293 293 269 (Wp c sq ;NMUO0A

F-40



Table F.7. Continued

P 230 P Ota=1280W F10s1997 CD't WTs 9fMT Futt ST's CPT WIM C APs39 fMT
vt AR j]2] jEl f1) 1912191] 1111121) 111) M*,Z jl*4 D12 Mij 191] JtM R1) 1191 IM) lill 1192 19.1{ lill Mt

8 e 8 26MF O!SCHarSFO 39 1 391 39 t 36 6PfM STR Wro FCR 293 293 213 269FEM STR W FCR

P 250 P Ot8 s 1250W FL0s t996 CCRE WTs 9?MT FutL STWs OMT RtM CrPs391MT
11Z2 li'l 21] 1312 fly 1913 RI) Mit 191211f4 Mit 312121j 1192111} 111) jll) 111) Iff2111) jff} 22.29vtAR

s 0 0 24 24MT O!SCWAPGt0 391 391 39 1 366 362FEM STE wo FCR 293 293 293 269 244REM STR W FCR,

P 280 P Ot R s 1250*te FLD s1996 COpt WTs 9tMT FutL STWs OMT ptM CAPS 391MT
1]2} j];) l'1] R32 J11} jjjj j93) j91{ 1132 Jisj J11) jl}} J11] jng 192) 119} jl1} 199$ L97 M9- 113) M9vitt

0 e a 24 24MY O!9CNARCfD 391 391 391 366 342FIM STR WO FC# 293 213 293 269 2%9tM STR W FCR

P080P DE N s 1250N FLD s1996 CORE WTs 98MT Futt STRs OMT #EM C APs391MT
Yt 'R 1122 lilI UU 12I211U 11.511113111111AZ 11181112 Hij lill 222 M2] Hli R121116 l!!111111112 q2

0 4 e 24 4
MT DISCMa#CED 391 391 391 36 6 342Rim STE wo FCR 293 293 293 269 244atM SYR W FCR

P 280 P 0!* s 12*l"ed FL0s 1996 CORE WTs 98MT FUFL Stas OMT REM CAPS 391MT
j!Z) 121] J11] J112 J11} 111) 121) 31) H12 Hjj 1112 Hij 111] Jg2 31} 21) 111) 11]) $ 31) 11}6} M2vf &R

e v 8 2 24MT DISCNpGIb
391 391 39' 366 342ptM STE wo FCR

atM STR W FCR 293 293 293 269 244

P 233 P Ot e s t250t4d Flo s1996 CORE WTs 93MT FutL STRs OMT 9tM CAPS 39'MT
yE AR HZj 31) J1jf lig; j}jj 31g ;1gj gig ljil j};j 113 gig 31] 113; 31} 3113 lig gig 31{ gij 392 22I2
MT DISCHAAGED 0 s 0 4 24

399 391 391 36 6 342ptM SYR w0 FCR

Rt9 STR W FCR 29 3 293 293 249 244

P083P Otp1250r48 FL0s 1995 COPE WTs 98MT f utL STRs CMT REM CAPS 391MT
vt AR 111} jjl2111) 1112 Jjl} 111) jig) 1111 jl1Z jig) 111) }}}) 111} 1}}) jl1} Igjj 111 3 jij] gyj

MT O!SCHAA0E0 4 24 24
REM STW WO FCR 391 391 39 1 366 342 318
REM STR W FCR 293 293 293 269 244 220

P 230 P DE R s1250N FL0s 199$ CC9E WTs 93HT Fl!EL STRs OMT ptM CAP *391MT
fteR 11H 1112 D111112111J Hai 11011111152 lila 11121112111111U 1113111311121111 Hi] HS3 D112199
MT DISCHARGID $ e e 24 24 24
f t?I STR WO FCR 391 391 391 366 342 318
RIM STR W FCE 293 293 293 269 2% 220

P 283 P Ott s1250m F Lo s1995 CORE WTs 9tMT f utt STes OMT stM Cap:391MT
vt AR lilj figj 111] jjs2111} 1913 jjd 121g 1112 jl*,3 Hi} jilj J11j lig jlfj 1123 111} hij $7ljigjjj! g;fg
MT O!$3ARGl0 0 0 e 24 in 24
ftM STR We0 FCR 391 391 391 366 342 318
F11 STR W FCE 293 293 293 269 2% 220

P 233 P Die s 1250N F L0 s 1995 CORE WTs 90MT f utt STRs CMT etM CAPS 391MT
vt A9 112] 31) jllj 112 MM 1111121) M11 Mil 1114 jll] 1112111} Hi2112) 11111212 lili lit? 19951151 MJ
MY DISCHipat0 0 0 0 24 24 24
FEM STE W'O FCR 391 39 1 391 h6 342 314
FL*l STR W FCR 293 293 293 269 244 220

P 283 P C t W s 125CPN FL0s1996 CO't WYs 93t'T FutL STes OMT REM CAPS 391MT
vt AR R22 212 H1111121213 2131112 HIA 232 IDA lu21112 lill 212121) 11111111 lili 1011113 H19 2219
MT DI!CHz'GES 0 0 0 24 24
#11 STW WO FCR r 391 391 391 366 342
Fin STR W FCR 293 293 29 3 269 244

P 238 P CER * 125Cau FL0s1995 CORE WTs 93MT FutL Sits OMT Rtn CAPS 391MT
vt AR 112) 1112111] J11; 11U j!131101111 J11Z 1134 31] 1212111] jil; jll) 1113 y9 ligg j$ 11}} 123) ZMj
MY otsCHARGED v 0 v 24 24 24
FEM STR WO FCR 391 391 391 366 342 318
ptM STR W FCE 293 293 293 269 244 220

P 283 P Ct p s 1250N F L D s 1994 CORE his 98Mf Futt STR* OMT PEM CAPS 391pr|
TE AR 1122 2121113111211El Illi MI) lIIs 113211II 11I2 M12 Mil 1122 IIt} U1$ 12.9} litt 1192 D25 Hj4t 2209O e 0 24 29 24MT CISCHARGEO
PLM SIR W'O FCR 391 391 391 366 342 318 293
Rtw STR W FCR 29 3 293 293 269 244 220 196

P 288 P Or es 1250m F L 0s 1994 CORE WTs 98HT Futt STRs OMT stM CAPS 391Mt
VEAR glj 111| j9]J 111211M J11) 111) Hda Jill J1's 1}}) jl]] lilj 1112121) 111) 111} 19]) 1197 jf}) Q1 g21)
MT 01SCHAaGID e 0 0 24 24 .4 24
ptM STE v0 FCR 391 391 391 366 M2 318 293
REM STR W FCR 293 293 293 269 244 220 196

P288P DE N s 1253N FLOs1994 CORE LTs 93Mf FutL Stas OMT atM CAPS 391MT

11U IIII EIl 1132110 lili 111) EIA IIll IIIS M11 U12 lill 11M 111} 111811111I1611{4Z E?$ U92 ZIIIYE AR
4 0 0 . 24 24 24MT DISCHARGID

#EM S'R WO FCR 391 391 391 %6 342 318 293
RtM STR W FCR 293 293 293 269 244 220 196

a

v D o.it w.*
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Table F 7-A. Summary for Alternative 3 (Unlimited Transshipment) Showing Discharges
and Remaining Storage for Each Year, with and without FCR

(280 GWe Installed in Year 2000)

#
SUPrWY TOTALS

T IfCNARC[D h
#EM fif WO FCR 1047 1112 1131 1379 1531 1742 1859 2007 2148 2320 2484Strt SYR W FC# 17879 19116 19927 21418 20255 23317 24213 24606 25309 24869 24094

Ytan 11?9 119J
b'191 1$9)

5i4'4 11 319

f'5?4 1991 I?11 1919 2012er cimaesto 4:04 43:5 as th4 1 54 ;if 62.3 64fi esil 44*ein sie w o FCs 2577 2577 2741 2r9 3 23 3:41 3276 ans sis: 42co 4303sta STR M FCR 22700 21927 21053 193-3 17147 14636 11344 8755 2341 -4356 -11263

d b' O .g \>\'@Q*O (
n. t* F-42



Table F.8. Away-from-Reactor Spent Fuel Storage Requirements (in MTHM) by Reactor Site for 230 GWe Capacity in the Year 2000.

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available 'b MWe Reactor Code Discharges Available *c MWe

a b

1979 1979

Oconee 1 P22 27 -19 887
Oconee 2 P23 20 887
Oconee 3 P24 20 887
San Onofre 1 P33 23 -23 436

Total 90 -42 3.097 Total - - -

1980 1980

Humboldt Bay BIS 9 -4 65 Oconee 1 P22 27 -19 887
Oconee 1 P22 27 -99 887 Oconee 2 P23 27 887
Oconee 2 P23 27 887 Oconee 3 P24 27 887
Oconee 3 P24 27 887

7 Turkey Point 3 P40 23 -41 693
;a; Turkey Point 4 P41 23 693

Total 135 -143 4,112 Total 80 -19 2.661

1981 1981

Big Rock Point B1 4 -3 72 Oconee 1 P22 27 -99 887Humboldt Bay BIS 9 -13 . 65 Oconee 2 P23 27 887Indian Point 2 P15 29 -16 873 Oconee 3 P24 27 887
Robinson 2 P31 23 -16 700 Turkey Point 3 P40 23 -17 693
Oconee 1 P22 27 -178 887 Turkey Point 4 P41 23 (93
Oconee 2 P23 27 887
Oconee 3 P24 27 887
Turkey Point 3 P40 23 -87 693
Turkey Point 4 P41 23 693g

C; Total 191 -314 5,757 Total 126 -115 4,047

1992 1982

C Big Rock Point B1 4 -7 72 Oconee 1 P22 27 -178 887
p* Humboldt Bay B15 9 -22 65 Oconee 2 P23 27 887

Indian Point 2 P15 29 -45 873 Oconee 3 P24 27 887
Robinscn 2 P31 23 -40 700 Turkey Point 3 P40 23 -63 693
Oconee 1 P22 27 -258 887 Turkey Point 4 P41 23 693



Table F.8. Continued

With full Core Reserve Without Full Core Reserve

Arnual Storage Annual Storage
a b

Reactor Code Discharges Available *b MWe Reactor Code Discharges Available *c MWe

19S2 (Continued) 1982 (Continued)
Oconee 2 P23 27 887
Oconee 3 P24 27 887
Quad Cities 1 B24 36 -15 789
Quad Cities 2 B25 36 789
Turkey Point 3 P40 23 -134 693
Turkey Point 4 P41 23 693

Total 264 -520 7,335 Total 126 -242 4,047

1933 1983

Big Rock Point B1 4 -12 72 Oconee 1 P22 27 -258 887
ft. Calhoun Pil 20 -12 457 Oconee 2 P23 27 887
Humboldt Bay BIS 9 -30 65 Oconee 3 P24 27 887

m Indian Point 2 P15 29 -73 873 Turkey Point 3 P40 23 -110 693
E Maine tankee P18 32 -26 790 Turkey Point 4 P41 23 693
" Oyster Creek B20 28 -16 650

Palisades P25 31 -9 805
Robinson 2 P31 23 -63 700
Calvert Cliffs 1 P4 32 -l 845
Calvert Cliffs 2 P5 32 845
Oconee 1 P22 27 -336 887
Oconee 2 P23 27 887
Oconee 3 P24 27 887
Prairic Island 1 P28 18 -11 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -88 789

Quad Cities 2 B25 36 789
Surry 1 P35 23 -31 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -181 693
Turkey Point 4 P41 23 693,3

w
C) Total 522 -889 14,431 Total 126 -368 4,047

1984 1984

C Big Rock Point B1 4 -16 72 Hemboldt Bay 815 9 -4 65

@; Ft. Calhoun Pil 20 -32 457 Indian Point 2 P15 29 -15 873
Humboldt Bay BIS 9 -39 65 Robinson 2 P31 23 -16 700



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Di scha rges Available ,b MWe Reactor Code Discharges Available ,c gg,

a b

1984 (Continued) 1984 (Continued)
Indian Point 2 P15 29 -102 873 Oconee 1 P22 27 -338 887
Maine Yankee PIB 32 -58 790 Oconee 2 P23 27 887Oyster Creek B20 28 -44 650 Oconee 3 P24 27 887
Palisades P25 31 -39 605 Quad Cities 1 B24 36 -15 789
Rancho Seco P30 27 -15 918 Quad Cities 2 B25 36 789
Robinson 2 P31 23 -86 700 Surry 1 P35 23 -7 822
Brunswick 1 B5 28 -14 821 Surry 2 P36 23 822
Brunswick 2 B6 28 821 Turkey Point 3 P40 23 -157 693Calvert Cliffs 1 P4 32 -65 845 Turkeygoint4 P41 23 693
Calvert Cliffs 2 P5 32 845
Hatch 1 B13 28 -13 717
Hatch 2 B14 22 822
Millstone 2 P19 32 -8 830,

L Oconee 1 P22 27 -417 887* Oconee 2 P23 27 887
Oconee 3 P24 27 887
Prairie Island 1 P28 18 -47 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -160 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -78 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -228 693
Turkey Peint 4 P41 23 693

Total 688 -1,462 19,360 Total 306 -552 8,907

1985 1985

Big Rock Point B1 4 -20 72 Big Rock Point B1 4 -3 72
Ft. Calhoun Pil 20 -52 457 Humboldt Bay BIS 9 -13 65
Humboldt Bay B15 9 -47 65 Indian Point 2 P15 29 -44 873

CO Indian Point 2 P15 29 -131 873 Robinson 2 P31 23 -39 700
C; Maine Yankee P18 32 -90 790 Calvert Cliffs 1 P4 32 -32 845
es Millstone 1 B17 29 -8 660 Calvert Cliffs 2 P5 32 845P Oyster Creek B20 28 -72 650 Oconee 1 P22 27 -417 887pj Palisades P25 31 -70 805 Oconee 2 P23 27 887
% Rancho Seco P30 27 -42 918 Oconee 3 P24 27 887
**J



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
a bReictor Code Discharges Available ,b PMe Reactor Code Discharges Available ,c gg,

1985, (Continued) 1995 (Continued)5

Robinson 2 P31 23 -110 700 Prairie Island 1 P28 18 -28 530
Trojan P39 29 -3 1,130 Prairie Island 2 P29 18 530
Brunswick l B5 28 -70 821 Ouad Cities 1 B24 36 -88 789

Brunswick 2 B6 28 821 Quad Cities 2 B25 36 789

Calvert Cliffs 1 P4 32 -130 845 Surry 1 P35 23 -54 822
Calvert Cliffs 2 P5 32 845 Surry 2 P36 23 822
Hatch 1 B13 28 -63 717 Tarkey Point 3 P40 23 -204 693

Hatch 2 B14 22 822 Turkey Point 4 P41 23 693

Millstone 2 P19 32 -41 830
Oconee 1 P22 27 -497 887
Oconee 2 P23 27 887
Oconee 3 P24 27 887

, Prairie Island 1 P28 18 -83 530
E Prairie Island 2 P29 18 530
* Quad 'ities 1 B24 36 -232 789

Quad Cities 2 B25 36 789
Surry 1 P35 23 -125 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -275 693
Turkey Point 4 P41 23 693

Total 745 -2,160 21.150 Tctal 411 -923 11,729

1986 1986

Big Rock Point B1 4 -24 72 Big Rock Point B1 4 -7 72

Ft. Calhoun Pil 20 -72 457 Ft. Calhoun P11 20 -12 457

Ginna P12 18 -1 490 Humboldt Bay B15 9 -22 65

Humboldt Bay B15 9 -56 65 Indian Point 2 P15 29 -73 873

Indian Point 2 P15 29 -160 790 Raine Yankee P18 32 -25 790

Maine Yankee P18 32 -123 790 Palisades P25 31 -9 805

Millstone 1 B17 29 -37 660 Robinson 2 P31 23 -63 700

Oyster Creek B20 28 -100 650 Brunswick 1 B5 28 -14 821

g Palisades P25 31 -100 805 Brunswick 2 B6 28 821

Pilgrim 1 B23 29 -1 655 Calvert Cliffs 1 P4 32 -97 845
,,

Rancho Seco P30 27 -68 918 Calvert Cliffs 2 P5 32 845"

h3 Robinson 2 P31 23 -133 700 Hatch 1 B13 28 -7 717

P* Three Mile Island 1 P37 27 -19 819 Hatch 2 B14 28 822

(3 Three Mile Island 2 P38 27 -13 906 Oconee 1 P22 27 -497 887

0



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Rector Code Discharges Availabl@*C MWea

1986 (Continued) 1986 (Continued)
Trojan P39 29 -32 1,130 Oconee 2 P23 27 887
Brunswick 1 B5 28 -126 821 Oconee 3 P24 27 887
Brunswick 2 B6 28 821 Prairie Island 1 P28 18 -64 530Calvert Cliffs 1 P4 32 -195 845 Prairie Island 2 P29 18 530Calvert Cliffs 2 P5 32 845 Quad Cities 1 B24 36 -160 789
Hatch 1 B13 28 -119 717 Quad Cities 2 B25 36 789
Hatch 2 B14 28 822 Surry 1 P35 23 -101 822Millstone 2 P19 32 -73 830 Surry 2 P36 23 822
Oconee 1 P22 27 -576 837 Turkey Point 3 P40 23 -251 693
Oconee 2 P23 27 887 Turkey Point 4 P41 23 693
Oconee 3 P24 27 887
Prairie Island 1 P28 18 -119 530
Prairie Island 2 P29 18 530

7 Quad Cities 1 B24 36 -305 789
0 Quad Cities 2 B25 36 789

Surry 1 P35 23 -171 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -321 693
Turkey Point 4 P41 23 693

Total 851 -2,944 24,020 Total 606 -1,401 16,962

1987 1987

Big Rock Point B1 4 -28 72 Big Rock Point B1 4 -12 72
Ft. Calheen Pil 20 -91 457 Ft. Calhoun P11 20 -32 457
Ginna P12 18 -19 490 Humboldt Bay E15 9 -30 65
Humboldt Bey BIS 9 -65 65 Indian Point 2 P15 29 -102 873
Indian Point 2 P15 29 -189 873 Maine Yankee P18 32 -58 790
Maine Yankee P18 32 -155 790 Oyster Creek B20 28 -16 C50
Millstone 1 B17 29 -C6 660 Palisades P25 31 -39 805

g Oyster Creek B20 28 -128 650 Rancho Seco P30 27 -15 918
Palisades P25 31 -131 805 Robin =on 2 P31 23 -86 7007f Pilgrim 1 323 29 -29 655 Brunswick 1 B5 28 -70 821

h'T Rancho Seco P30 27 -95 918 Brunswick 2 B6 28 821
P "' Robinson 2 P31 23 -157 700 Cr.lvert Cliffs 1 P4 32 -162 845
C Three Mile Island 1 P37 27 -45 819 Calvert Cliffs 2 P5 32 845
Q Three Mlle Island 2 P38 27 -40 906 Hatch 1 B13 28 -63 717



- Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b PWe Peactor Code Discharges Available c gg,a b

1937 (Continued) 1987 (Continued)
Trojan P39 29 -60 1,130 Hatch 2 B14 28 822
Vermont Yankee B26 18 -18 514 Millstone 2 P19 32 -8 830
Arkansas 1 P1 27 -37 850 Oconee 1 P22 27 -576 887
Arkansas 2 P2 27 950 Oconee 2 P23 27 887
Brunswick 1 B5 28 -182 821 Oconee 3 P24 27 887
Brunswick 2 B6 28 821 Prairie Island 1 P28 18 -100 530
Calvert Cliffs 1 P4 32 -260 845 Prairie Island 2 P29 18 530
Calvert Cliffs 2 P5 32 845 Quad Cities 1 B24 36 -232 789
Hatch 1 B13 28 -175 71 7 Quad c.ities 2 B25 36 789
Hatch 2 Bl4 28 822 Surry 1 P35 23 -148 822
Millstona 2 P19 32 -105 830 Surry 2 P36 23 822
Oconee 1 P22 27 -656 887 Turkey Point 3 P40 23 -297 693
Oconee 2 P23 27 887 Turkey Point 4 P41 23 693

.,,

L Oconee 3 P24 27 887
o Prairie Island 1 P28 18 -155 530

Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -377 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -2'8 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -368 693
Turkey Point 4 P41 23 693

Total 923 -3,850 26,334 Total 693 -2,047 19,360

19E3 1988

Big Rock Point Bl 4 -33 72 Big Rock Point B1 4 -16 72

Tit: patrick B12 28 -25 821 ft. Calhoun Pil 20 -51 457

Ft. Calhoun Pil 20 -111 457 Humboldt Bay B15 9 -39 55

Ginna F12 18 -37 490 Indian Point 2 P15 29 -131 873
Humboldt Bay B15 9 -73 65 Maine Yankee P18 32 -90 790

Indian Point 2 P15 29 -217 873 Oyster Creek B20 28 -44 650,,

p( Indian Point 3 P16 29 -5 873 Palisades P25 31 -70 305
w. Maine Yankee PIB 32 -188 790 Rancho Seco P30 27 -42 918

CJ Millstone 1 B17 29 -95 660 Robinson 2 P31 23 -109 700

3 +. Ponticello B18 24 -15 545 Trojan P39 29 -2 1.130

hs. Oyster Creek 220 28 -156 650 Arkansas 1 P1 27 -10 850

Q



Table F.8. Continued
-

-

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c gwe

a b

1988 (Continued) 1988 (Continued)
Palisades P25 31 -162 805 Arkansas 2 P2 27 950Pilgrim 1 823 29 -58 655 Brunswick 1 B5 28 -126 821
Rancho Seco P30 27 -122 918 Brunswick 2 B6 28 821
Robinson 2 P31 23 -180 700 Calvert Cliffs 1 P4 32 -227 845
Three Mlle Island 1 P37 27 -72 819 Calvert Cliffs 2 P5 32 845Three Hilt Island 2 P38 27 -66 906 Hatch 1 B13 28 -119 717Trojan P39 29 -89 1,130 Hatch 2 B14 28 822
Vermont Yankee B26 18 -36 514 Millstone 2 P19 32 -40 81d
Arkansas 1 P1 27 -90 850 Oconee 1 P22 27 -656 '17
Arkansas 2 P2 27 950 Oconee 2 P23 27 687
Brunswick l B5 28 -238 821 Oconee 3 P24 27 887
Brunswick 2 B6 28 821 Prairie Island 1 P28 18 -136 530
Calvert Cliffs 1 P4 32 -324 845 Prairie Island 2 P29 18 530,

a, Calvert Cliffs 2 PS 32 845 Quad Cities 1 B24 36 -305 789e Hatch 1 B13 28 -231 717 Quad Cities 2 B25 36 789
Hatch 2 B14 28 822 Surry 1 P35 23 -194 822
Millstone 2 P19 32 -138 830 Surry 2 P36 23 822
Oconee 1 P22 27 -736 887 Turkey Point 3 P40 23 -344 693
Oconee 2 P23 27 887 Turkey Point 4 P41 23 693
Oconee 3 P24 27 887
Prairie Island 1 P28 18 -191 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -450 739
Quad Cities 2 B25 36 789
Surry 1 P35 23 -265 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -415 693
Turkey Point 4 P41 23 693

Total 1,004 -4,817 28,573 Total 775 -2,752 22,290

1989 1989

(a Big Rock Point 31 4 -37 72 B,ig Rock Point B1 4 -20 72

gt Fitzpatrick B12 28 -53 821 ft. Calhoun Pil 20 -71 457
r3 ft. Calhoun Pil 20 -131 457 Ginna P12 18 -1 490

Ginna P12 18 -55 490 Humboldt Bay B15 9 -47 65"

Humboldt Bay BI S 9 -82 65 Indian Point 2 P15 29 -159 873
rd Indian Point 2 P15 29 -246 873 Maine Yankee P18 32 -122 790
4



Table F.8. Continued

With Full Cr,re Reserve Without Full Core Reserve
Annual Storage Annual Storage

Peactor Code Discharges Available ,b MWe Reactor Lode Discharges Availa31eb c MWea

1989 (Continued) 1989 (Continued)
Indian Point 3 P16 29 -34 873 Millstone 1 B17 29 -8 66C
Maine Yankee PIB 32 -220 790 Oyster Creek B20 28 -72 650
Millstone 1 B17 29 -124 660 Palisades P25 31 -100 805
Monticello B18 24 -39 545 Rancho Seco P30 27 -68 918
Oyster Creek B20 28 -184 650 Robinson 2 P31 23 -133 700
Palisades P25 31 -192 805 Three Mile Island 1 P37 27 -19 819
Pfigrim 1 B23 29 -87 655 Three Mile Island 2 P28 27 -13 906
Rancho Seco P30 27 -148 918 Trojan P39 29 -31 1,130
Robinson 2 P31 23 -203 700 Arkansas 1 P1 27 -63 850
Three Mile Island 1 P37 27 -99 819 Arkansas 2 P2 27 950
Three Mile Island 2 P38 27 -93 906 Brunswick 1 B5 28 -182 821
Trojan P39 29 -118 1,130 Brunswick 2 B6 28 821
Vermont Yankee B26 18 -55 514 Calvert Cliffs 1 P4 32 -292 845? Arkansas 1 P1 27 -143 850 Calvert Cliffs 2 PS 32 845

E Arkansas 2 P2 27 950 Hatch 1 B13 28 -175 717
Brunswick 1 85 28 -294 821 Hatch 2 B14 28 822
Brunswick 2 B6 28 821 Millstone 2 P19 32 -72 830
Calvert Cliffs 1 P4 32 -389 845 Oconee 1 P22 27 -736 887
Calvert Cliffs 2 P5 32 845 Oconee 2 P23 27 B87
Davis Besse 1 P9 27 -14 906 Oconee 3 P24 27 887
Hatch 1 B13 28 -287 717 Prairie Island 1 P28 1 -172 530
Hatch 2 B14 28 822 Prairie Island 2 P29 s8 530
Millstone 2 P19 32 -170 830 Quad Cities 2 324 36 -377 789
Oconee 1 P22 27 -815 887 Quad Cities 2 B25 36 789
Oconee 2 P23 27 887 Surry 1 P35 23 -241 822
Oconee 3 P24 27 887 Surry 2 P36 23 822
Peach Bottom . B21 38 -48 1,065 Turkey Point 3 P40 23 -391 693
Peach Bottom 3 B22 38 1,065 Turkey Point 4 P41 23 693
Prairie Island 1 P28 18 -227 530
Prairie Island 2 P29 18 530

g Quad Cities ' B24 36 -522 789
. Quad Cities 2 B25 36 789

k. Surry 1 P35 23 -312 822
C~ Surry 2 P36 23 822
he Turkey Point 3 P40 23 -462 693
pt Turkey Point 4 P41 23 693

N Total 1,107 -5,883 31,609 Total 875 -3,568 25,165



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b MWe Re.ctor Code Discharges Available ,c Mwe

a b

1990 1990
Big Rock Point B1 4 -41 72 Big Rock Point B1 4 -24 72
Cook 2 P7 29 -27 1,100 ft. Calhoun P11 20 -91 457
Cooper B7 27 -11 778 Ginna P12 18 -18 490
Fitzpatrick B12 28 -81 821 Humboldt Bay BIS 9 -56 65
Ft. Calhoun Pil 20 -151 457 Indian Point 2 P15 29 -188 873
Ginna P12 18 -73 490 Maine Yankee P13 32 -15E 790
Humboldt Bay BIS 9 -90 65 Millstone 1 B17 29 -37 660
Indian Point 2 Pl 5 29 .-275 873 Oyster Creek B20 28 -100 650
Indian Point 3 P16 29 -63 873 Palisades P25 31 -131 805
Maine Yankee PIB 32 -252 790 Pilgrim 1 B23 29 -1 655
Millstone 1 B17 29 -153 660 Rancho Seco P30 27 -95 918
Monticello B18 24 -63 545 Robinson 2 P31 23 -156 700
Oyster Creek B20 28 -212 650 Three Mile Island 1 P37 27 -45 819
Palisades P25 31 -223 805 Three Mile Island 2 P38 27 -40 906-

Pilgrim i B23 29 -116 655 Trojan P39 29 -60 1,130
Rancho Seco P30 27 -175 918 Arkansas 1 P1 27 -117 850
Robinson 2 P31 23 -227 700 Arkansas 2 P2 27 950
Three Mile Island 1 P37 27 -125 819 Brunswick 1 B5 28 -238 821
Three Mile Island 2 P38 27 -119 906 Brunswick 2 B6 28 821
Trojan P39 29 -147 1.130 Calvert Cliffs 1 P4 32 -356 845
Vermont Yankee B26 18 -73 514 Calvert Cliffs 2 P5 32 845
Arkansas 1 P1 27 -196 850 Hatch 1 B13 28 -231 717
Arkansas 2 P2 27 950 Hatch 2 B14 28 822
Brunswick 1 B5 28 -350 821 Oconee 1 P22 27 -815 887
Brunswick 2 B6 28 821 Oconee 2 P23 27 B87
Calvert Cliffs 1 P4 32 -454 845 Oconee 3 P24 27 B87
Calvert Cliffs 2 P5 32 845 Prairie Island 1 P28 18 -208 530
Davis Besse 1 P9 27 -41 906 Prairie Island 2 P29 18 530

/s Hatch 1 B13 28 -343 717 Quad Cities 1 B24 36 -450 789

(5 Hatch 2 B14 28 822 Quad Citier 2 B25 36 789b Oconee 1 P22 27 -895 887 Surry 1 P35 23 -288 822
C4 Oconee 2 P23 27 887 Surry ? P36 23 822
E'2 Oconee 3 P24 21 887 Turkey Point 3 P40 23 -438 693

ha Peach Bottom 2 B21 38 -124 1,065 Turkey Point 4 P41 23 693

Q Peach Bo+, tom 3 B22 38 1,065
Prairie Island 1 P28 18 -263 530
Prairie Island 2 P29 18 530

Quad Cities 1 B24 36 -594 789

Quad Cities 2 B25 36 789



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
_

Annual Storage Annual Storage
a hReactor Code Discharges Available ,b |%'e Reactor Code Discharges Availablt ,c MWe

1990 (Continued) 1990 (Continued)
Surry 1 P35 23 -359 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -509 693
Turkey Point 4 P41 23 693

Total 1,13u -6,825 32,657 Total 872 -4,338 24,990

1991 1991

Big Rock Point B1 4 -45 72 Big Rock Point B1 4 -28 72
Cook 2 P7 29 -56 1,100 Ft. Calhoun Pil 20 -111 457
Cooper B7 27 -39 778 Ginna P12 18 -36 490
Fitzpa trick B12 28 -109 821 Humboldt Bay 815 9 -65 65
Ft. Calhoun Pil 20 -171 457 Indian Point 2 P15 29 -217 873

T Ginna P12 18 -91 490 Indian ?oint 3 Pl6 29 -5 873
E Humboldt Bay B15 9 -99 65 Maine Yankee P18 32 -187 790

Indian Point 2 P15 29 -304 873 Millstone 1 B17 29 -66 660
Indian Point 3 P16 29 -92 873 Oyster Creek B20 28 -128 650
Maine Yankee P18 32 -285 790 Palisades P25 31 -162 805
Millstone 1 817 29 -182 660 Pil9 rim 1 B?3 29 -29 655
Monticello B18 24 -87 545 Rancho Seco P30 27 -122 918
Oyster Creek B20 28 -240 650 Robinson 2 P31 23 -180 700
Palisades P25 31 -253 805 Three Mile Isla<d 1 P37 27 -72 819
Pilgrim 1 823 29 -145 655 Three Mile Island 2 P38 27 -66 906
Rancho Seco P30 27 -201 918 Trojan- P39 29 -89 1,130
Robinson 2 P31 23 -250 700 Vermont Yankee B26 18 -18 514
Three Mile Island 1 P37 27 -152 819 Arkansas 1 P1 27 -170 850
Three Mile Island 2 P38 2) -146 906 Arkansas 2 P2 27 950
Trojan P39 29 -176 1,130 Brunswick 1 B5 28 -294 821

Vermont Yankee B26 18 -92 514 Brunswick 2 B6 28 821

Arkansas 1 P1 27 -249 850 Calvert Cliffs 1 P4 32 -421 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845
Brunswick 1 B5 28 -406 821 Hatch 1 B13 28 -287 717

(C Brunswick 2 B6 28 821 Hatch 2 B14 i3 C22

(.? Calvert Cliffs 1 P4 32 -519 845 Oconee 1 P22 27 -895 887

(,) Calvert Cliffs 2 P5 32 845 Oconee 2 P23 27 887

Davis Besse 1 P9 27 -67 906 Oconee 3 P24 27 887p d
Dresden 1 B8 0 -46 200 Peach Bottom 2 B21 38 -48 1,065

I' * Dresden 2 89 36 794 Peach Bottom 3 B22 38 1,065
id



Table F 8. Continued
-

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available 'b f1We Reactor Code Discharges Availableb,c MWea

1991 (Continued) 1991 (Continued)
Dresden 3 B10 36 794 Prairie Island 1 P28 18 -244 530
Hatch 1 Bl3 28 -399 717 Prairie Island 2 P29 18 530
Hatch 2 B14 28 822 Quad Cities 1 324 36 -522 789
Oconee 1 P22 27 -975 887 Quad Cities 2 B25 36 789
Oconee 2 P23 27 887 Surry 1 P35 23 -335 822
Oconee 3 P24 27 887 Surry 2 P36 23 822
Peach Bottom 2 B21 38 -201 1,065 Turkey Point 3 P40 23 -485 693
Peach Bottom 3 B22 38 1,065 Turkey Point 4 P41 23 693
Prairie Island 1 P28 18 -299 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -667 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -405 822

7 Surry 2 P36 23 822
0 Turkey Point 3 P40 23 -555 693

Turkey Point 4 P41 23 693
Zion 1 P43 29 -17 1,040
Zion 2 P44 29 1,040 *

Total 1,260 -8,018 36,325 Total 995 -5,281 28,507

1992 1992

Big Rock Point B1 4 -49 72 Big Rock Point B1 4 -33 72
Cook 2 P7 29 -85 1,100 Fitzpatrick B12 28 -25 821
Cooper B7 27 -66 778 Ft. Calhoun Pil 20 -131 457
Fitzpatrick B12 28 -137 821 Ginna P12 18 -54 490
ft. Calhoun Pil 20 -190 457 Humboldt Bay Bl5 9 -73 65
Ginna P12 18 -109 490 Indian Point 2 P15 29 246 873
Haddam Neck P13 23 -2 575 Indian Point 3 Pl6 29 -34 873
Humboldt Bay BIS 9 -108 65 Maine Yankee PIB 32 -220 790
Indian Point 2 P15 29 -333 873 Millstone 1 B17 25 -95 660
Indian Point 3 P16 29 -121 873 Monticello B18 24 -15 545

** Maine Yankee P18 32 -317 790 Oyster Creek B20 28 -156 650
N Millstone 1 B17 29 -211 660 Palisades P25 31 -192 805
* B18 24 -111 545 Pilgrim 1 B23 29 -58 655
b;MonticelloOyster Creek B20 28 -268 650 Rancho Seco P30 27 -148 918
" Palisades P25 31 -284 805 Robinson 2 P31 23 -203 700.

i<d Pilgrim 1 B23 29 -174 655 Three Mile Island 1 P37 27 -99 819
[jRanchoSeco P30 27 -228 918 Three Mile Island 2 P38 27 -93 906



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Ar.nual Storace
Reactor Code Discharges Availablep,b MWe Reactor Code Discharges Availablp.c MWe

1992 (Continued) 1992 (Continued)
Robinson 2 P31 23 -274 700 Trojan P39 29 -117 1,130
Three fille Island 1 P37 27 -178 819 Vermont Yankee B26 18 -36 514
Three Mile Island 2 P33 27 -172 906 Arkansas 1 P1 27 -223 8E0
Trojan P39 29 -204 1,130 Arkansas 2 P2 27 950
Vermont Yankee B26 18 -110 514 Brunswick 1 B5 28 -350 821
Zimmer 1 CP65 84 -l 810 Brunswick 2 86 28 821
Arkansas 1 P1 27 -302 850 Calvert Cliffs 1 P4 32 -486 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845
Brunswick 1 B5 28 -462 821 Hatch 1 B13 28 -343 717
Brunswick 2 B6 28 821 Hatch.2 B14 28 822
Calvert Cliffs 1 P4 32 -584 845 Oconee 1 P22 27 -975 887
Calvert Cliffs 2 P5 32 845 Oconee 2 P23 27 887

m Dresden 1 88 0 -118 200 Oconee 3 P24 27 887
& Dresden 2 B9 36 794 Peach Bottom 2 B21 33 -124 1,065
* Dresden 3 B10 36 794 Peach Bottom 3 B22 38 1,065

Hetch 1 B13 28 -455 717 Prairie Island 1 P28 18 -280 530
Hatch 2 B14 28 822 Prairie Island 2 P29 18 530
Oconee 1 P22 27 -1,05a 887 Quad Cities 1 B24 36 -594 789
Oconee 2 P23 27 887 Quad Cities 2 B25 36 789
Oconee 3 P24 27 887 Surry 1 P35 23 -382 822
Peach Bottom 2 821 38 -277 1,065 Surry 2 P36 23 822
Peach Bottom 3 B22 38 1,065 Turkey Point 3 P40 23 -531 693
Prairie Island 1 P28 18 -335 530 Turkey Point 4 P41 23 693
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -739 789

Quad Cities 2 B25 36 789
San Onofre 1 P33 23 -59 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140

Q Surry 1 P35 23 -452 822
e. Surry 2 P36 23 822

N Turkey Point 3 P40 23 -602 693
b Turkey Point 4 P41 23 693
F #* Zion 1 P43 29 -74 1,040
h1 Zion 2 P44 29 1,040
m
* Total 1,430 -9,247 39,520 Total 1,048 -6,316 29,873



*
Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Availablg b MWe Reactor Code Discharges Availablp c gwe

1993 1993
Big Rock Point B1 17 49 72 Big Rock Point B1 17 -49 72
Cook 2 P7 29 , 114 1,100 Cook 2 P7 29 -27 1,100-

Cooper B7 27 -93 778 Fitzpatrick B12 78 -53 821
Fitzpatrick B12 28 -165 821 Ft. Calhoun Pil 20 -150 457
Ft. Calhoun Pil 20 -210 457 Ginna P12 18 -72 490
Ginna P12 18 -127 490 Humboldt Bay BIS 34 -108 65
Haddam Neck P13 23 -26 575 Indian Point 2 P15 29 -275 873
Humboldt Bay BIS 34 -108 65 Indian Point 3 P16 29 -63 873
Indian Point 2 P15 29 -361 873 Paine Yankee PIB 32 -252 790
Indian Point 3 P16 29 -149 873 Millstone 1 817 29 -124 660
Lacrosse B16 4 -3 50 Monticello B18 24 -39 545
Maine Yankee P18 32 -350 790 Oyster Creek B20 28 -184 650
Millstone 1 B17 29 -240 660 Palisades P25 31 -223 805E's Monticello B18 24 -136 545 Pilgrim 1 B23 29 -87 655*
Oyster Creek B20 28 -296 650 Rancho Seco P30 27 -175 918
Palisades P25 31 -315 205 Robinson 2 P31 23 26 700
Pilgrim 1 B23 29 -203 655 Three Mile Island 1 P37 27 -125 819
Rancho Seco P30 27 -254 918 Three Mile Island 2 P38 27 -119 906
Robinson 2 P31 23 -297 700 Trojan P39 29 -146 1,130
Three Mile Island 1 P37 27 -205 819 Vermont Yankee B26 18 -55 514
Three Mile Island 2 P38 27 -199 906 Arkansas 1 P1 27 -276 850
Trojan P39 29 -233 1,130 Arkansas 2 P2 27 950
Vermont Yankee B26 18 -128 514 Brunswick 1 B5 28 -406 821
Zininer 1 CP65 84 -85 810 Brunswick 2 B6 28 821
Arkansas 1 P1 27 -356 850 Calvert Cliffs 1 P4 32 -551 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845

dBrunswick 1 B5 28 -518 821 Dresder 1 B8 O -46 200
Brunswick 2 B6 28 821 Dresden 2 B9 36 794, , ,

$~ Calvert Cliffs 1 P4 32 -648 845 Dresden 3 B10 36 794
C .. Calvert Cliffs 2 P5 32 845 Hatch 1 B13 28 -399 717
CJ Diablo Canyon 1 CP19 29 -26 1,084 Katch 2 B14 28 822
p. t. Diablo Canyon 2 CP20 29 1,106 Oconee 1 P22 27 -1,054 887

Dresden 1 B8 0 -190 200 Oconee 2 P23 27 887'y
- Dresden 2 B9 36 794 Oconee 3 P24 27 887

N< Dresden 3 B10 36 794 Peach Bottom 2 B21 38 -201 1,065
Farley 1 P10 23 ~46 829 Peach Bottom 3 B22 38 1,065
Farley 2 CP21 23 829 Prairie Island 1 P28 18 -316 530
Hatch 1 B13 28 -511 717 Prairie Island 2 P29 18 530



Table F.8. Continued

With Full Core Reserve
_

Without Full Core Reserve
Annual Storage Annual Storage

a bReactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c gwe

1993 (Continued) 1993 (Continued)
Hatch 2 B14 28 822 Quad Cities 1 B24 36 -667 789
Oconee 1 P22 27 -1,134 887 Quad Cities 2 B25 36 789
Oconee 2 P23 27 887 San Onofre 1 P33 23 -50 436
Oconee 3 P24 27 887 San Onofre 2 CP41 32 1,140
Peach Bottom 2 B21 38 -354 1,065 San Onofre 3 CP42 32 1,140
Peach Bottom 3 B22 38 1,065 Surry 1 P35 23 -428 822
Prairie Island 1 P26 18 -371 530 Surry 2 P36 23 822
Prairie Island 2 P29 18 530 Turkey Point 3 P40 23 -578 693
Quad Cities 1 B24 36 -812 789 Turkey Point 4 P41 23 693
Quad Cities 2 B25 36 789 Zion 1 P43 29 -45 1,040
San Onofre 1 P33 23 -147 436 Zion 2 P44 29 1,040
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140

7' St. Lucie 1 P34 32 -30 802
$ Surry 1 P35 23 -499 822

Surry 2 P36 23 822
Turkey Point 3 P40 23 -649 693
Turkey Point 4 P41 23 693
Zion 1 F43 29 -132 1,040
Zion 2 P44 29 1,040

Total 1,641 -10,768 45,062 Total 1,333 -7,569 37,357

1994 1994

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -143 1,100 Cook 2 P7 29 -56 1,100
Cooper B7 27 -1 21 778 Cooper B7 27 -11 778

Ouane Arnold Bll 18 -2 538 Fitzpatrick B12 28 -81 821

Fitzpatrick B12 28 -193 821 Ft. Calhoun Pil 20 -170 457
EO Ft. Calhoun Pil 20 -230 457 Ginna P12 18 -90 490

Cl Ginna P12 18 -145 190 Humboldt Bay Bl5 0 -108 65

CQ Haddam Neck P13 23 -49 575 Indian Point 2 P15 29 -303 873

'c Humboldt Bay B15 0 -108 65 Indian Point 3 P16 29 -91 873
u
! Indian Point 2 P15 29 -390 83 Maine Yankee P18 32 -284 790

2' , Indian Point 3 P16 29 -178 87 3 Millstone 1 B17 29 -153 660

Lacrosse B16 4 -7 n0 Monticello B18 24 -63 545

Maine Yankee PIB 32 -382 7'30 Oyster Creek B20 28 -212 650

Millstone 1 B17 29 -269 660 Palisades P25 31 -253 805



-

Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discha rges Available ,b MWe Reactor Code Discharges Available c gwea b

1994 (Continue <i) 1994 (Continued)
Monticello B18 24 -160 545 Pilgrim 1 B23 29 -116 655Oyster Creek B20 28 -324 650 Rancho Seco P30 27 -201 918Falisades P25 31 -345 805 Robinson 2 P31 23 -250 700
Pilgrim i B23 29 -232 655 Three Mile Island 1 P37 27 -152 819
Rancho Seco P30 27 -281 918 Three Mile Island 2 P38 27 -146 906Robinson 2 P31 23 -320 700 Trojan P39 29 -175 1,130
Summer 1 CPS 1 23 -22 900 Vermont Yankee B26 18 -73 514Three Mile Island 1 P37 27 -231 819 Arkansas 1 P1 27 -329 850Three Mile Island 2 P33 27 -225 906 Arkansas 2 P2 27 950Trajan P39 29 -262 1,130 Brunswick 1 B5 28 -462 821
Vermont Yankee B26 18 -147 514 Brunswick 2 86 28 821
Zimmer 1 CP65 84 -169 810 Calvert Cliffs 1 P4 32 -61 6 845
Arkansas 1 P1 27 -409 850 Calvert Cliffs 2 P5 32 845,

4 Arkansas 2 P2 27 950 Dresden 1 B8 0 -118 200
Brunswick 1 B5 28 -574 821 Dresden 2 B9 35 794

~

Brunswick 2 B6 23 821 Dresden 3 810 36 794Calvert Cliffs 1 P4 32 -713 845 Farley 1 P10 23 -22 829Calvart Cliffs 2 P5 32 845 Farley 2 CP21 23 829
Diablo Canyon 1 CP19 29 -83 1,084 Hatch 1 Bl3 28 -455 717
Diablo Canyc1 2 CP20 29 1,106 Hatch 2 B14 28 822
Oresden 1 B8 0 -263 200 Oconee 1 P22 27 -1,134 887
Dresden 2 B9 36 794 Oconee 2 P23 27 887
Dresdtn 3 B10 36 794 Oconee 3 P24 27 887
Farley 1 P10 23 -93 829 Peach Bottom 2 B21 38 -277 1,065
Farley 2 CP21 23 829 Peach Bottom 3 B22 38 1,065
Hatch 1 B13 28 -567 717 Prairie Island 1 P28 18 -352 530
Hatch 2 B14 28 822 Prairie Island 2 P29 18 530
Millstone 2 P19 32 -17 830 Quad Cities 1 B24 36 -739 789
Millstone 3 CP33 22 1,159 Quad Cities 2 B25 36 789
Ocor,ee 1 P22 27 -1,214 887 San Onofre 1 P33 23 -138 436
Oconee 2 P23 27 887 San Onofre 2 CP41 32 1,140
Oconee 3 P24 27 887 San Onofre 3 CP42 32 1,140
Peach Cottom 2 B21 33 -430 1,065 Surry 1 P35 23 -475 822,y

* Feach Bottom 3 B22 3d 1,065 Surry 2 P36 23 822C Prairie Island 1 P2B 18 -407 530 Turkey Point 3 P40 23 -625 693
(? Prairie Island ? P29 18 530 Turkey Point 4 P41 23 693
'ed. Pt. Geach 1 P26 18 -36 497 Zion 1 P43 29 -103 1,040
m Pt. Seach 2 P27 18 497 Zion 2 P44 29 1,040

N



Table F.8. Continued

With Full Con 3 Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available *C MWe
a D

1994 (Continued) 1994 (Continued)
Quad Cities 2 B25 36 789
San Onofre 1 P33 23 -235 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140
Sequoyah 1 C P46 29 -54 1,140
Sequoyah 2 CP45 29 1,140
St. Lucie 1 P34 32 -95 802
St. Lucie 2 CP49 32 842
Surry 1 P35 23 -546 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -696 693
Turkey Point 4 P41 23 693

7 Zion 1 P43 29 -189 1,040
g; Zion 2 P44 29 1,040

Total 1,779 -12,489 51,626 Total 1,356 -8,884 39,656

1995 1995

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -171 1,100 Cook 2 P7 29 -85 1,100
Cooper B7 27 -148 778 Cooper B7 27 -39 778
Duane Arnold Bil 18 -21 538 Fitzpatrick B12 28 -109 821
Fitzpatrick B12 28 -221 821 Ft. Calhoun Pll 20 -190 457
f t. Calhoun Pil 20 -250 457 Ginna P12 18 -108 490
Ginna P12 18 -163 490 Haddam Neck P13 23 -2 575
Haddam Neck P13 23 -72 575 Humboldt Bay B15 0 -108 65
Humboldt Bay BIS 0 -108 65 Indian Point 2 P15 29 -332 873
Indian Point 2 P15 29 -419 873 Indian Point 3 P16 29 -120 B73

Indian Point 3 P16 29 -207 873 Maine Yankee P18 32 -317 790

Lacrosse B16 4 -10 50 Millstone 1 817 29 -182 660

Maine Yankee P18 32 -414 790 Monticello~ B18 24 -87 545

Millstone 1 817 29 -298 660 Oyster Creek B20 28 -240 650

Monticello B18 24 -184 545 Palisades P25 31 -284 805
Oyster Creek B20 28 -352 650 Pilgrim 1 B23 29 -145 655

Palisades P25 31 -376 805 Rancho Seco P30 27 -228 918

g Pilgrim 1 B23 29 -261 655 Robinson 2 P31 23 -273 700

Rancho Seco P30 27 -307 918 Three Mile Island 1 P37 27 -178 819

CJ
b=
N
O



.

Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Di scharges Available ,b MWe Reactor Code Discharges Available ,c MWe
a b

1995 (Continued) 1995 (Continued)
Robinson 2 P31 23 -344 7 00 Three Mile Island 2 P38 27 -172 906
Summer 1 CP51 23 -45 900 Trojan P39 29 -204 1,130
Three Mile Island 1 P37 27 -258 819 Vermont Yankee B26 18 -92 514
7hree Mila Island 2 P38 27 -252 906 Zimmer 1 CP65 84 -1 810
1rojan P39 29 -291 1,130 Arkansas 1 P1 27 -182 850
Vermont Yankee B26 18 -165 514 Arkansas 2 P2 27 950
Washington Nuclear 2 CB29 38 -31 1,103 Brunswick 1 B5 28 -518 821
Zimmer 1 CP65 84 -253 810 Brunswick 2 B6 28 821
Arkansas 1 P1 27 -462 850 Calvert Cliffs 1 P4 32 -680 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845
Browns Ferry 1 B2 38 -75 1,065 Diablo Canyon 1 CP19 29 -54 1,084
Browns Ferry 2 B3 38 1,065 Diablo Canyon 2 CP20 29 1,106
Browns Ferry 3 84 38 1,065 G esden 1 B8 0 -190 200,

a, Brunswick l BS 28 -633 821 Dresden 2 B9 36 794
wo Brunswick 2 B6 28 821 Dresdon 3 B10 36 794

Calvert Cliffs 1 P4 32 -778 845 Farley 1 P10 23 -69 829
Calvert Cliffs 2 P5 32 845 Farley 2 CP21 23 829
Diablo Canyon 1 cpl 9 29 -141 1,084 Hatch 1 B13 28 -511 717
Diabic, Canyon 2 CP20 29 1,106 Hatch 2 814 28 822
Dresden 1 B8 0 -335 200 Oconee 1 P22 27 -1,214 887
Drcsden 2 B9 35 794 Oconee 2 P23 27 887
Dresden 3 B10 36 794 Oconee 3 P24 27 887
Farley 1 P10 23 -140 829 Peach Bottom 2 B21 38 -354 1,065
Farley 2 CP21 23 829 Peach Bottom 3 B22 38 1,065
Hatch 1 Bl3 28 -623 717 Prairie Island 1 P28 18 -388 530
Hatch 2 B14 28 822 Prairie Island 2 P2C 18 530
McGuire 1 CP29 23 -49 1,180 Pt. Beach 1 P26 18 -17 497
McGuire 2 CP30 29 1,180 Pt. Beach 2 P27 18 497
Millstone 2 P19 32 -71 830 Quad Cities 1 B24 36 -812 789
Millstore 3 CP33 22 1,159 Quad Cities 2 B25 36 789
Oconee 1 P22 27 -1,293 887 San Onofre 1 P33 23 -226 436g

i Oconee 2 P23 27 887 San Onofre 2 CP41 32 1,140
CJ Oconee 3 P24 27 887 San Onofre 3 CP42 32 1,140 ''

Cd Peach Bottom 3 B22 38 1,065 Sequoyah 2 CP45 29 1,140
'c Prairie Island 1 P28 18 -443 530 St. Lucie 1 P34 32 -62 802p

Prairie Island 2 P29 18 530 St. Lucie 2 CP49 32 842
d.p,y Pt. Beach 1 P26 18 -72 497 Surry 1 P35 23 -522 822



Table F.8. Continued

. With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage .

a bReactor Code Discharges Available ,b ffrle Reactor Code Discharges Available ,c gwe

1995 (Continued) 1995 (Continued)
Pt. Beach 2 P27 18 497 Surry 2 P36 23 822

Quad Cities 1 B24 36 -956 789 Turkey Point 3 P40 23 -672 693

Quad Cities 2 B25 36 789 Turkey Point 4 P41 23 693

Salem 1 P32 29 -48 1,090 Zion 1 P43 29 -160 1,040
Salem 2 C F40 29 1,115 Zion 2 P44 29 1,040
San Gnofre 1 P33 23 -324 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140
Sequoyah 1 CP46 29 -112 1,140
Sequoyah 2 CP45 29 1,140
St. Lucie 1 P34 32 -160 802
St. Lucie 2 CP49 32 842
Surry 1 P35 23 -593 822

? Surry 2 P36 23 822
8 Turkey Point 3 P40 23 -743 693

Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -54 1,165
hatts Bar 2 CP61 29 1,165
Zion 1 P43 29 -247 1,040
Zion 2 P44 29 1,040

Total 2,099 -14,526 62,819 Total 1,680 -10,401 48,149

'996 1996

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -200 1,100 Cook 2 P7 29 -113 1,100

Cooper B7 27 -176 778 Cooper B7 27 -66 778

Crystal River 3 P8 b -9 825 Fitzpatrick B12 28 -137 821

Duane Arnold Bil 18 -39 538 ft. Calhoun Pll 20 -210 457

Enrico Fermi 2 CB 6 38 -31 1,123 Ginna P12 18 -126 400

CO Fitzpatrick B12 28 -249 821 Haddam Neck P13 23 -25 575

C Ft. Calhoun Pil 20 -270 457 Humboldt Bay B15 0 -108 65

Q Ginna P12 18 -181 490 Indian Point 2 P15 29 -361 873

Haddam Neck P13 23 -96 575 Indian Point 3 P16 29 -149 873*
c., c.

'.s . Humboldt Bty B15 0 -108 65 Maine Yankee PIB 32 -349 790

Indian Point 2 P15 29 -448 873 Millstone 1 B17 29 -211 660

D)'

Indian Point 3 P16 29 -236 873 Monticello B18 24 -111 545

Lacrosse B16 4 -14 50 Oyster Creek B20 28 -268 650

.



Table F.8. Continued

With full Core Reserve Without Full Co e Reserve
Annual Storage Annual StorageReactor Code Discharges Availablg,b MWe Reactor Code Dischar9es Available ,c MWe

1996 (Contined) 1996 (Continued)
Maine Yankee P18 32 -447 790 Palisades P25 31 -315 805Millstone 1 Bl7 29 -327 660 Pilgrim 1 B23 29 -174 655Monticello B18 24 -208 545 Rancho Seco P30 27 -254 918Oyster Creek B20 28 -380 650 Robinson 2 P31 23 -297 700Palisades P25 31 -406 805 Three Mile Island 1 P37 27 -205 819Pilgrim 1 B23 29 -290 655 Three Mile Island 2 P38 27 -199 906Rancho Seco P30 27 -334 918 Trojan P39 29 -233 1,130Robinson 2 P31 23 -367 700 Vermont Yankee B26 18 -110 514Shoreham CB26 28 -22 854 Zimmer 1 CP65 84 -86 810
Summer 1 CP51 23 -69 900 Arkansas 1 P1 27 -435 850Three Mile Island 1 P37 27 -284 819 Arkansas 2 P2 27 950Three Mile Island 2 P38 27 -279 906 Browns Ferry 1 B2 38 -37 1,065

7 Trojan P39 29 -320 1,130 Browns Ferry 2 B3 38 1,065g Vermont Yankee B26 18 -184 514 Browns Ferry 3 B4 38 1,065
Washington Nuclear 2 CB29 38 -69 1,103 Brunswick 1 B5 28 -574 821Waterford 3 CP59 31 -29 1,267 Brunswick 2 B6 28 821
Zimmer 1 CP65 84 -338 810 Calvert Cliffs 1 P4 32 -745 845
Arkansas 1 P1 27 -515 850 Calvert Cliffs 2 P5 32 845
Arkansas 2 P2 27 950 Diablo Canyon 1 CP19 29 -112 1,084
Browns Ferry 1 B2 38 -190 1,065 Diablo Canyon 2 CP20 29 1,106
Rrowns Ferry 2 B3 38 1,065 Dresden 1 B8 0 -263 200

Q Browns Ferry 3 B4 38 1,065 Dresden 2 89 36 794
p~. Brunswick 1 B5 28 -686 821 Dresden 3 B10 36 794

Brunswick 2 B6 28 821 Farley 1 P10 23 -116 829e*.? Calvert Cliffs 1 P4 32 -843 845 Farley 2 CP21 23 829' * * Calvert Cliffs 2 P5 32 845 Hatch 1 B13 28 -567 717N Diablo Canyon 1 CP19 29 -198 1,084 Hatch 2 B14 28 822Q Diablo Canyon 2 CP20 29 1,106 McGuire 1 CP29 23 -14 1,180
Dresden 1 B8 0 -408 200 McGuire 2 CP30 29 1,180
Dresden 2 B9 36 794 Millstone 2 P19 32 -38 830
Dresden 3 B10 36 794 Millstone 3 CP33 22 1,159
Farley 1 P10 23 -186 829 Oconee 1 P22 27 -1,293 887
Farley 2 CP21 23 829 Oconee 2 P23 27 887
Hatch 1 B13 28 -679 717 Oconee 3 P24 27 887
Hatch 2 B14 28 822 Peach Bottom 2 B21 38 -430 1,065
LaSalle 1 CBIS 38 -23 1,078 Peach Bottom 3 B22 38 1,065
LaSalle 2 CB16 38 1,078 Prairie Island 1 P28 18 -424 530
McGuire 1 CP29 23 -101 1,180 Prairie Island 2 P29 18 530



Table F.8. Continued

With Ful' Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b MWe Reactor Code Discharges Availableb.c MWea

1996 (Continued) 1996 (Continued)
Millstone 2 P19 32 -125 830 Pt. Beach 2 P27 18 497
Millstone 3 CP33 22 1,159 Quad Cities 1 B24 36 -884 789
Oconee 1 P22 27 -1,373 887 Quad Cities 2 B25 36 789
Oconee 2 P23 27 887 Salem 1 P32 29 -19 1,090
Oconee 3 P24 27 887 Salem 2 CP40 29 1,115
Peach Bottom 2 B21 38 -583 1,065 San Onofre 1 P33 23 -314 436
Peach Bottom 3 E22 35 1,065 San Onofre 2 CP41 32 1,140
Prairie Island 1 P28 18 -479 530 San Onofre 3 CP42 32 1,140
Prairie Island 2 P29 18 530 Sequoyah 1 CP46 29 -83 1,140
Pt. Beach 1 P26 18 -108 197 Sequoyah 2 CP45 29 1,140
Pt. Beach 2 P27 18 497 St. Lucie 1 P34 32 -127 802

Quad Cities 1 B24 36 -1,029 789 St. Lucie 2 CP49 32 842

Quad Cities 2 B25 36 789 Surry 1 P35 23 -569 822

,, Salem 1 P32 29 -106 1,090 Surry 2 P36 23 822

g Salem 2 CP40 29 1,115 Turkey Point 3 P40 23 -719 693
San Onofre 1 P33 23 -412 436 Turkey Point 4 P41 c3 693
San Onofre 2 CP41 32 1,140 Watts Bir 1 CP60 29 -25 1,165
San Gnofre 3 CP42 32 1,140 Watts Bar 2 CP61 29 1,165
Sequoyah I CP46 29 -170 1,140 Zion 1 P43 29 -218 1,040
Sequoyah 2 CP45 29 1,140 Zion 2 P44 29 1,040
St. Lucie 1 P34 32 -225 802
St. Lucie 2 CP40 32 842
Surry 1 P35 23 -639 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -789 693
Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -112 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -305 1,040

CO Zion 2 P44 29 1,040
7,
d Total 2,299 -16,739 69,044 Total 2,016 -12,215 60,228

1997 g
I* Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
M Cook 2 P7 29 -229 1,100 Cook 2 P7 29 -142 1,100

Cooper B7 27 -203 778 Cooper B7 27 -93 778



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discharges Availableb,c gwea

1997 (Continued) 1997 (Continued)
Crystal River 3 P8 27 -36 825 Fitzpatrick B12 28 -165 821Duane Arnold Bll 18 -58 538 Ft. Calhoun Pil 20 -230 457Enrico Fermi 2 CB 6 38 -69 1,123 Ginna P12 18 -144 490Fitzpatrick B12 28 -277 821 Haddam Neck P13 23 -49 575Ft. Calhoun Pil 20 -289 457 Humboldt Bay B15 0 -108 65Ginna P12 18 -199 490 Indian Point 2 P15 29 -390 873Haddam Neck P13 23 -119 575 Indian Point 3 P16 29 -178 873'..wivui ut Bay B15 0 -109 65 Lacrosse B16 4 -3 50Indian Point 2 P15 29 -477 873 f*aine Yankee PIB 32 -382 790Indian Point 3 P16 29 -265 873 Millstone 1 B17 29 -240 660
Kewaunee Pl7 18 -1 535 Monticello B18 24 -136 545Lacrosse B16 4 -17 50 Oyster Creek B20 28 -296 650Maine Yankee P18 32 -479 790 Palisades P25 31 -245 805? Millstone 1 B17 29 -356 660 Pilgrim 1 B23 29 -203 655$ Monticello B18 24 -232 Sa5 Rancho Seco P30 27 -281 918Oyster Creek B20 28 -408 650 Robinson 2 P31 23 -320 700Palistdes P25 31 -437 805 Summer 1 CFS1 23 -22 900Pilgrim 1 B23 29 -319 655 Three title Island 1 P37 27 -231 819
Rancho Seco P30 27 -360 918 Three Mile Island 2 P38 27 -225 906
Robinson 2 P31 23 -391 700 Trojan P39 29 -261 1,130
Shoreham CB26 28 -50 854 vermont Yankee B26 18 -128 514
Sumer 1 CP51 23 -92 900 Zimer 1 CP65 84 -170 810

3 - Three Mile Island 1 P37 27 -311 819 Arkansas 1 P1 27 -488 850Three Mile Island 2 P38 27 -305 906 Arkansas 2 P2 27 950y

Y Trojan P39 29 -348 1,130 Browns Ferry 1 B2 38 -152 1,065W Vermont Yankee B26 18 -202 514 Browns Ferry 2 B3 38 1,065'

Washington Nuclear 2 CB29 38 -107 1,103 Browns Ferry 3 B4 38 1,065
"

i| Waterford 3 CP59 31 -60 1,267 Brunswick 1 B5 28 -630 821
('t Zimmer 1 CP65 84 -422 810 Brunswick 2 B6 28 821'

Arkansas 1 P1 27 -568 850 Calvert Cliffs 1 P4 32 -810 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845
Bellefonte 1 CP 2 31 -27 1,235 Diablo Canyon 1 cpl 9 29 -169 1,084
Bellefonte 2 CP 3 31 1,235 Diablo Canyon 2 CP20 29 1,106
Braidwood 1 CP 4 29 -26 1,120 Dresden 1 B8 0 -335 200
Braidwood 2 CP 5 29 1,120 Dresden 2 B9 36 794
Browns Ferry 1 B2 38 -304 1,065 Dresden 3 B10 36 794
Browns Ferry 2 B3 38 1,065 Farley 1 P10 23 -162 829
Browns Ferry 3 B4 38 1,065 Farley 2 CP21 23 829



Table F.8. Continued

With Fuli Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b MWe Reactor Code Discharges Availablp.c MWea

1997 (Continued) 1997 (Continued)

Brunswick 1 85 28 -742 821 Hatch 1 B13 28 -623 717

Brunswick 2 B6 28 821 Hatch 2 B14 28 822

Calvert Cliffs 1 P4 32 -908 845 McGuire 1 CP29 23 -67 1,180
Calvert Cliffs 2 P5 32 845 McGuire 2 CP30 29 1,180

Comanche Peak 1 C P15 29- -26 1,150 Millstone 2 P19 32 -99 830

Comanche Peak 2 CP16 29 1,150 Millstone 3 CP33 29 1,159

Diablo Canyon 1 CP19 29 -256 1,084 Oconee 1 P22 27 -1,373 887

Diab'o Canyon 2 CP20 29 1,106 Oconee 2 P23 27 887

Dresden 1 B8 0 -430 200 Oconee 3 P24 27 887

Uresden 2 B9 36 794 Peach Bottom 2 B21 38 -506 1,065

Dresden 3 B10 36 794 Peach Bottom 3 B22 38 1,065

Farley 2 CP21 23 829 Prairie Island 2 P29 18 530

Hatch 1 B13 28 -735 717 Pt. Beach 1 P26 18 -89 497
,,

Jn Hatch 2 B14 28 822 Pt. Beach 2 P27 18 497

LaSalle 1 CBl5 38 -99 1,078 Quad Cities 1 B24 36 -956 789*

LaSalle 2 CB16 38 1,078 Quad Cities 2 S25 36 789

McGuire 1 CP29 23 -153 1,180 Salem 1 P32 29 -77 1,090

McGuire 2 CP30 29 1,180 Salem 2 CP40 29 1,115

Midland 1 CP31 27 -52 492 San Onofre 1 P33 23 -402 436

Midland 2 CP32 27 887 San Onofre 2 CP41 32 1,140

Millstone 2 P19 32 -186 830 San Onofre 3 CP42 32 1,140

Millstone 3 CP33 29 1,159 Sequoyah 1 CP46 29 -140 1,140

Oconee 1 P22 27 -1,453 887 Sequoyah 2 CP45 29 1,140

Oconee 2 P23 27 887 St. Lucie 1 P34 32 -192 802

Oconee 3 P24 27 887 5t. Lucie 2 CP49 32 842

Peach Bottom 2 B21 38 -659 1,065 Surry 1 P35 23 -616 822

Peach Bottom 3 B22 38 1,065 Snrry 2 P36 23 822

Prairie Island 1 P28 18 -515 530 Turkey Point 3 P40 23 -765 693

Prairie Island 2 P29 18 530 Turkey Point 4 P41 23 693

Pt. Beach 1 P26 18 -144 497 Watts Bar 1 CP60 29 -83 1,165

Pt. Beach 2 F27 18 497 Watts Bar 2 CP61 29 1,165

(O Quad Cities 1 B24 36 -1,101 789 Zion 1 P43 29 -275 1,040

m Quad Cities 2 B25 36 799 Zion 2 P44 29 1,040

$['ks
Salem 1 P32 29 -163 1,090
Salen 2 CP40 29 1,115
San Onofre i P33 23 -500 436

San Onofre 2 CP41 32 1,140
.,



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage- Reactor Code Discharges Available ,b MWe Reactor Code Discharges f.vailable ,c gea b

1997 (Continued) 19 E (Continued)
San Onofre 3 CP42 32 1,140
Sequoyah 1 CP46 29 -227 1,140
Sequoyah 2 CP45 29 1,140
St. Lucie 1 P34 32 -289 802
St. Lucie 2 CP49 32 842
Surry 1 P35 23 -686 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -836 693
Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -17.0 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -362 1,040
Zion 2 P44 29 1,040

Total 2,554 -19,177 77,968 Total 2,050 -14,262 61,178

1998 1998

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
Cook 2 P7 29 -258 1,100 Cook 2 P7 29 -171 1,100
Cooper B7 27 -230 778 Cooper B7 27 -121 778
Crystal River 3 P8 27 -62 825 Duane Arncid Bil 18 -2 538
Duane Arnold Bil 18 -76 538 Fitzpatrick B12 28 -193 821
Enrico Fermi 2 CB 6 38 -107 1,123 Ft. Calhoun Pil 20 -249 457
Fitzpatrick B12 28 -305 821 Ginna P12 18 -162 490
Ft. Calhoun Pil 20 -309 457 Haddam Neck P13 71 -119 575
Ginna P12 18 -217 490 Humboldt Bay BIS 0 -108 65
Haddam Neck P13 71 -119 575 Indian Point 2 P15 29 -419 873
Humboldt Bay B15 0 -108 65 Indian Point 3 P16 29 -207 873
Indian Point 2 P15 29 -51 5 873 Lacrosse Bl6 4 -7 50

(O Indian Point 3 P16 29 -293 873 Maine Yankee P18 32 -414 790
p Kewaunee P17 18 -18 535 Millstone 1 B17 29 -269 660

(ti
Lacrosse B16 4 -21 50 Monticello B18 24 -160 545

; Maine Yankee P18 32 -512 790 Oyster Creek B20 28 -324 650
, Millstone 1 B17 29 -385 660 Palisades P25 31 -376 805
k Monticello B18 24 -257 545 Pilgrim 1 B23 29 -232 655
*Q Oyster Creek B20 28 -436 650 Rancho Seco P30 27 -308 918

Palisades P25 31 -4 68 805 Robinson 2 P31 23 -343 700



Table F.8. Continued

With Full Core Reserve Without Full Core Reserv6

Annual Storage Annual Storage
Reactor Code Di scharges Available ,b MWe Reactor Code Discharges Available ,c MWe

a b

1998 (Continued) 1998 (Continued)
Pilgrim 1 B23 29 -348 655 Summer 1 CP51 23 -45 900
Rancho Seco P30 27 -387 918 Three Mile Island 1 P37 27 -258 819
Robinson 2 P31 23 -515 700 Three Mile Island 2 P38 27 -252 906
Shoreham CB26 28 -78 854 Trojan P39 29 -290 1,130
Summer 1 CP51 23 -116 900 Vermont Yankee B26 18 -147 514
Three Mile Island 1 P37 27 -338 819 Zimmer 1 CP65 84 -254 810
Three Mile Island 2 P38 27 -332 906 Arkansas 1 P1 27 -541 850
Trojan P39 29 -377 1,130 Arkansas 2 P2 27 950
Vermont Yankee B26 18 -220 514 Browns Ferry 1 B2 38 -266 1,065
Washington Nuclear 2 CB29 38 -145 1,103 Browns Ferry 2 83 33 1,065
Waterford 3 CP59 31 -90 1,2f. Browns Ferry 3 B4 38 1,065
Zimmer 1 CP65 84 -506 fl0 3runswick 1 B5 28 -686 821
Arkansas 1 P1 27 -621 850 Brunswick 2 B6 28 821,

4 Arkansas 2 P2 27 950 Calvert Cliffs 1 P4 32 -875 845
Beaver Valley 1 P3 23 -27 852 Calvert Cliffs 2 P5 32 845m
Beaver Valley 2 CP 1 23 852 Diablo Canyon 1 CP19 29 -227 1,084
Bellefonte 1 CP 2 31 -89 1,235 Diablo Canyon 2 CP20 29 1,106
Bellefonte 2 CP 3 31 1,235 Dresden 1 B8 0 -408 200
Braidwood 1 CP 4 29 -83 1,120 Dresden 2 B9 36 794
Braidwood 2 CP 5 29 1,120 Dresden 3 B10 36 794
Browns Ferry 1 B2 38 -419 1,065 Farley 1 P10 23 -209 829
Browns Ferry 2 83 38 1,065 Farley 2 CP21 23 829
Browns Ferry 3 84 38 1,065 Hatch 1 B13 28 -679 717

Brunswick 1 B5 28 -798 821 Hatch 2 Bl4 28 822

Brunswick 2 B6 28 821 LaSalle 1 CBIS 38 -23 1,078
Byron 1 CP 6 29 -54 1,120 LaSalle 2 CB16 38 1,078
Byron 2 CP 7 29 1,120 McGuire 1 CP29 23 -119 1,180
Calvert Cliffs 1 P4 32 -972 845 McGuire 2 CP30 29 1,180
Calvert Cliffs 2 P5 32 845 Midland 1 CP31 27 -26 492

Catawba 1 CP10 29 -54 1,145 Midland 2 CP32 27 887

Q Catawba 2 CPil 29 1,145 Millstone 2 Pl9 32 -161 830

Comanche Peak 1 CP15 29 -83 1,150 Millstone 3 CP33 29 1,159
p;. Diablo Canyon 1 cpl 9 29 -314 1,084 North Anna 2 CP34 23 943
CY Diablo Canyon 2 CP20 29 1,106 North Anna 3 CP35 22 907

N* Dresden 1 B8 0 -552 200 North Anna 4 CP36 22 907

N Dresden 2 B9 36 794 Oconee 1 P22 27 -1,453 887

GO Dresden 3 B10 36 794 Oconee 2 P23 27 887

Farley 1 P10 23 -280 829 Oconee 3 P24 27 887



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b MWe Reactor Code Discharges Ava il a'.1:b,c gwea

1998 (Continued) 1998 (Continued)
Farley 2 CP21 23 829 Peach Bottom 2 B21 38 -583 1,065
Hatch 1 B13 28 -791 717 Peach Bottom 3 B22 38 1,065
Hatch 2 B14 28 822 Prairie Island 1 P28 18 -496 530
LaSalle 1 CB15 38 -176 1,078 Prairie Island 2 P29 18 530
LaSalle 2 CB16 38 1,078 Pt. Beach 1 P26 18 -125 497
McGuire 1 CP29 23 -206 1,180 Pt. Beach 2 P27 18 497
McGuire 2 CP30 29 1,180 Quad Cities 1 B24 36 -1,029 789
Midland 1 CP31 27 -105 492 Quad Cities 2 825 36 789
Midland 2 CP32 27 887 Salem 1 P32 29 -134 1,090
Millstone 2 P19 32 -248 830 Salem 2 CP40 29 1,115
Millstone 3 CP33 29 1,159 San Onofre 1 P33 71 -538 436
North Anna 1 P20 23 -81 907 San Onofre 2 CP41 32 1,140
North Anna 2 CP34 23 943 San Onofre 3 CP42 32 1,140,

4 North Anna 3 CP35 22 907 Sequoyah 1 CP46 29 -198 1,140
N North Anna 4 CP36 22 907 Sequoyah 2 CP45 29 1,140

Oconee 1 P22 27 -1,532 887 St. Lucie 1 P34 32 -257 802
Oconee 2 P23 27 887 St. Lucie 2 CP49 32 842
Ocenee 3 P24 27 887 Surry 1 P35 23 -662 822
Peach Bottom 2 B21 38 -736 1,065 Surry 2 P36 23 822
Peach Bottom 3 B22 38 1,065 Turkey Point 3 P40 23 -812 693
Prairit Island 1 P28 18 -551 530 Turkey Point 4 P41 23 693
Prairie Island 2 P29 18 530 Watts Bar 1 CP63 29 -140 1,165
Pt. Beach 1 P26 18 -180 497 Watts Bar 2 CP6 29 1,165
Pt. Beach 2 P27 18 497 Zion 1 P'3 29 -333 1,040
Quad Cities 1 B24 36 -1,174 789 Zion 2 P44 29 1,040
Quad Cities 2 B25 36 7d9
Salem 1 P32 29 -221 1,090
Salem 2 CP40 29 1,115
San Onofre 1 P33 71 -635 436

Q, San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140

f(. Sequoyah 1 CP46 29 -285 1,140,.

Q Sequoyah 2 CP45 29 1,140
k. St. Lucie 1 P34 32 -354 802
CV St. Lucie 2 CP49 32 842
C Surry 1 P35 23 -733 822

Surry 2 P36 23 822



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
*

Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discharges Availableb,c Mwe
*

a

1998 (Continued) l_993 (Continued)
Turkey Point 3 P40 23 -883 693
Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -227 1.165
hatts Bar 2 CP61 29 1,165
Zion 1 P43 29 -420 1 ,040
Zion 2 P44 29 1,040

Total 2,900 -21,971 87,866 Total 2,382 -16.467 68,915

1999 1999

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
Cook 2 P7 29 -287 1.100 Cook 2 P7 29 -200 1.100
Cooper B7 27 -258 778 Cooper B7 27 -148 778Crystal River 3 P8 27 -89 825 Crystal River 3 P8 27 -9 825n

g Duane Arnold Bll 18 -94 538 Duane Arnold B11 18 -21 538
Enrico Fermi 2 CB 6 38 -145 1,123 Fitzpatrick B12 28 -221 821
Fitzpatrick B12 28 -333 821 Ft. Calhoun Pil 20 -269 457
Ft. Calhoun Pil 20 -329 457 Ginna P12 18 -180 490
Ginna 'P12 18 -235 490 Haddam Neck P13 0 -119 575
Haddam Neck P13 0 -119 575 Humboldt Bay B15 0 -108 65
Humboldt Bay B15 0 -108 65 Indian Point 2 P15 29 -447 G73
Indian Point 2 P15 29 -534 873 Indian Point 3 P16 29 -235 873
Indian Point 3 P16 29 -322 873 Lacrosse Blf 14 -21 50
Kewaunee P17 18 -36 535 Maine Yankee Plb 32 -446 790
Lacrosse B16 14 -21 50 Millstone 1 B17 29 -298 660
Maine Yankee P18 32 -544 790 Monticello B18 24 -184 545
Millstone 1 B17 29 -414 660 Oyster Creek B20 112 -436 650
Monticello B18 24 -281 545 Palisades P25 31 -406 805
Oyster Creek B20 112 -436 650 Pilgrin 1 B23 29 -261 655
Palisades P25 31 -498 805 Rancho Seco P30 27 -334 918
Pilgrim 1 B23 29 -377 655 Robinson 2 P31 23 -367 700

CO Rancho Seco P30 2/ -414 918 Summer 1 CP51 23 ~68 900
CD Robinson 2 P31 23 -437 700 Three Mile Island 1 P37 27 -284 819
[d Shoreham CB26 28 -106 854 Three itile Island 2 P38 27 -279 906
in Summer 1 CP51 23 -139 900 Trojan P39 29 -319 1.130

{# Three Mile Island 1 P37 27 -364 819 Vermont Yankee B26 18 -165 514-

Three Mile Island 2 P38 27 -358 906 Washington Nuclear 2 CB29 38 -31 1.103O Trojan P39 29 -406 1.130 Waterford 3 CP59 31 -29 1,267



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c MWe

a b

1999 (Continued) 19_99 (Continued)9

Vermont Yankee B26 18 -239 514 Zimer 1 CP65 84 -338 810Washington Nuclear 2 CB29 38 -183 1,103 Arkansas 1 P1 27 -594 850Waterford 3 CP59 31 -121 1,267 Arkansas 2 P2 27 950Wolf Creek 1 CP62 29 -27 1,150 Beaver Valley 1 P3 23 -4 852Zimer 1 CP65 84 -590 810 Beaver Valley 2 CP 1 23 852Arkansas 1 P1 27 -674 850 Bellefonte 1 CP 2 31 -58 1,235Arkansas 2 P2 27 950 Bellefonte 2 CP 3 31 1,235Beaver Valley 1 P3 23 -74 852 Braidwood 1 CP 4 29 -54 1,120Beaver Valley 2 CP 1 23 852 Braidwood 2 CP 5 29 1,120Bellefonte 1 CP 2 31 -150 1,235 Browns Ferry 1 B2 38 -381 1,065Bellefonte 2 CP 3 31 1.235 Browns Ferry 2 B3 38 1,065Braidwood 1 CP 4 29 -141 1,120 Browns Ferry 3 B4 3S 1,065Braidwood 2 CP 5 29 1,120 Brunswick 1 B5 28 -742 821
,

& Browns Ferry 1 B2 38 -534 1,065 Brunswick 2 B6 28 821* Browns Ferry 2 B3 38 1.065 Byron 1 CP 6 29 -25 1.120Browns Ferry 3 B4 33 1,065 Byron 2 CP 7 29 1,120Brunswick 1 B5 28 -854 821 Calvert Cliffs 1 P4 32 -940 845Brunswick 2 B6 28 821 Calvert Clif7s 2 P5 32 845Byron 1 CP 6 29 -112 1,120 Catawba 1 CP10 29 -25 1,145
Byron 2 CP 7 29 1,120 Catawba 2 CP11 29 1,145Calvert Cliffs 1 P4 32 -1,037 845 Comanche Peak 1 CP15 29 -54 1,150Calvert Cliffs 2 P5 32 845 Comanche Peak 2 CP16 29 1,150
Catawba 1 CP10 29 -112 1,145 Diablo Canyon 1 CP19 29 -284 1,084
Catawba 2 CPil 29 1,145 Diablo Canyon 2 CP20 29 1,106
Comanche Peak 2 CP16 29 1,150 Dresden 2 B9 36 794
Diablo Canyon 1 cpl 9 29 -371 1,084 Dresden 3 B10 36 794
Diablo Canyon 2 CP20 29 1,106 Farley 1 P10 23 -256 829
Dresden 1 B8 0 -625 200 Farley 2 CP21 23 829
Cresden 2 B9 36 794 Hatch 1 Bl3 28 -735 717
Dresden 3 810 36 794 Hatch 2 B14 28 822
Farley 1 P10 23 -327 829 LaSalle 1 CB15 38 -99 1,078
Farley 2 CP21 23 829 LaSalle 2 CB16 38 1.078

f O Hatch 1 B13 28 -847 717 McGuire 1 CP29 23 -171 1,180
CN Hatch 2 B14 28 822 McGuire 2 CP30 29 1,180
r,jLaSalle1 CB15 38 -252 1,078 Midland 1 CP31 27 -79 492
?

CmLaSalle2
CB16 38 1,078 Midland 2 CP32 27 887

.McGuire 1 CP29 23 -258 1,180 Millstone 2 P19 32 -222 830
(;McGuire2 CP30 29 1,180 Millstone 3 CP33 29 1.159



Table F.8. Coatinued

.

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Availableb c Mwea

1999 (Continued) 1999 (Continued)
Midland 1 CP31 27 -158 492 North Anna 1 P20 23 -100 907
Midland 2 CP32 27 887 North Anna 2 CP34 23 943
Millstone 2 P19 32 -309 830 North Anna 3 CP35 22 907
Millstone 3 CP33 29 1,159 North Anna 4 CP36 22 907
Nine Mile Point 1 B19 106 -8 610 Oconee 1 P22 27 -1,532 887
Nine Mile Point 2 CB19 38 1,080 Oconee 2 P23 27 887
North Anna 1 P20 23 -165 907 Oconee 3 P24 27 887
North Anna 2 CP34 23 943 Peach Bottom 2 B21 38 -659 1,065
North Anna 3 CP35 22 907 Peach Bottem 3 B22 38 1,065
North Anna 4 CP36 22 907 Prairie Island 1 P28 18 -532 530
Oconee 1 P22 27 -1,612 887 Prairie Island 2 P29 18 530
Oconee 2 P23 27 887 Pt. Beach 1 P26 18 -161 497
Oconee 3 P24 27 887 Pt. Beach 2 P27 18 497

7' Peach Bottom 2 B21 38 -812 1,065 Quad Cities 1 B24 36 -1,101 789
s Peach Bottom 3 B22 38 1,065 Quad Cities 2 B25 36 789

Prairie Island 1 P28 18 -587 530 Salem 1 P32 29 -192 1,090
Prairie Island 2 P29 18 530 Salem 2 CP40 29 1,115
Pt. Beach 1 P26 18 -216 497 San Onofre 1 P33 0 -603 436
Pt. Beach 2 P27 18 497 San Onofre 2 CP41 32 1,140
Quad Cities 1 824 36 -1,246 789 San Onofre 3 CP42 32 1,140
Quad Cities 2 B25 36 789 Sequoyah 1 CP46 29 -256 1,140
Salem 1 P32 29 -279 1,090 Sequoyah 2 CP45 29 1,140
Salem 2 CP40 29 1,115 St. Lucie 1 P34 32 -321 802
San Onofre 1 P33 0 -673 436 St. Lucie 2 CP49 32 842
San Onofre 2 CP41 32 1,140 Surry 1 P35 23 -709 822
San Onofre 3 CP42 32 1,140 Surry 2 P36 23 822
Sequoyah 1 CP46 29 -342 1,140 Turkey Point 3 P40 23 -859 693
Sequoyah 2 CP45 29 1,140 Turkey Point 4 P41 23 693
South Texas 1 CP47 29 -54 1,250 Watts Bar 1 CP60 29 -198 1,165
South Texas 2 CP48 29 1,250 Watts Bar 2 CP61 29 1,165
St. Lucie 1 P34 32 -419 802 Zion 1 P43 29 -391 1,040

k,. St. Lucie 2 CP49 32 842 Zion 2 P44 29 1,040
C; Surry 1 P35 23 -780 822
Q Surry 2 P36 23 822
p+ Susquehanna 1 CB27 38 -61 1,052

Q Susquehanna 2 CB28 38 1,052

g Turkey Point 3 P40 23 -930 693



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Stora ge
Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c MWe

a b

1999 (Continued) 1999 (Continued)
Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -284 1,165
Watt Bar 2 CP61 29 1,165
Zion 1 P43 29 -477 1,040
Zion 2 P44 29 1,040

Total 3,161 -24,817 94,299 Total 2,769 -19,091 84,343

2000 2000

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
Cook 2 P7 29 -315 1,100 Cook 2 P7 29 -229 1,100
Cooper B7 27 -285 778 Cooper B7 27 -176 778
Crystal River 3 P8 27 -115 825 Crystal River 3 P8 27 -36 825,

4, Duane Arnold B11 18 -113 538 Duane Arnold Bil 18 -39 538
Enrico Fermi 2 CB 6 38 -184 1,123 Enrico Fermi 2 CB 6 38 -31 1,123--

Fitzpatrick B12 28 -361 821 Fitzpatrick B12 28 -249 821
Forked River CP22 32 -31 1,070 ft. Calhoun P11 20 -289 457
ft. Calhoun P11 20 -349 457 Ginna P12 54 -235 490
Ginna P12 54 -235 490 Haddam Neck Pl3 0 -119 575
Haddam Neck P13 0 -119 575 Humboldt Bay BIS 0 -108 65
Humboldt Bay B15 0 -10S 65 Indian Point 2 P15 29 -476 873
Indian Point 2 91 5 29 -563 873 Indian Point 3 P16 29 -264 873
Indian Point 3 P16 29 -351 873 Kewaunee Pl7 18 0 535
Kewaunee Pl7 18 -54 535 Lacrosse B16 0 -21 50
Lacrosse B16 0 -21 50 Maine Yankee P18 32 -479 790
Maine Yankee P18 32 -576 790 Millstone 1 B17 29 -327 660
Millstone 1 B17 29 -443 660 Monticello. B18 24 -308 545
Monticello B18 24 -305 545 Oyster Creek B20 0 136 650
Oyster Creek B20 0 -436 650 Palisades P25 31 -437 805
Palisades P25 31 -529 805 Pilgrim 1 B23 29 -290 655
Pilgrim 1 B23 29 -406 655 Rancho Seco P30 27 -360 918
Rancho Seco P30 27 -440 918 Robinson 2 P31 23 -390 7D0

Robinson 2 P31 23 -461 700 Shoreham CB26 28 -22 854
Shoreham CB2b 28 -134 854 Summer 1 CP51 23 -92 900

,a Sununer 1 CP51 23 -162 900 Three Mile Island 1 P37 27 -312 819
W Three Mile Island 1 P37 27 -391 819 Three Mile Island 2 P38 27 -305 906
b Three Mile Island 2 P38 27 -385 906 Trojan P39 29 -348 1,130
Cu
p.*
C
G

.



Table F.8. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Resctor Code Discharges Availablea,b MWe Reactor Code Discharges Available ,c MWeb

2000 (Continued) 2000 (Continued)
Trojan P39 29 -435 1,130 Vermont Ya*nkee B26 18 -184 514
Vermont Yankee B26 18 -257 514 Washington Nuclear 2 CB29 38 -69 1,103
Washington Nuclear 2 CB29 33 -222 1.103 Waterford 3 CP59 31 -59 1,267
Waterford 3 CP59 31 -152 1,267 2immer 1 CP65 84 -422 810
Wolf Creek 1 CP62 29 -56 1,150 Arkansas 1 P1 27 -648 850
Zimmer 1 CP65 84 -674 810 Arkansas 2 P2 27 950
Arkansas 1 P1 27 -727 850 Beaver Valley 1 P3 23 -50 852
Arkansas 2 P2 27 950 Beaver Valley 2 CP 1 23 852
Beaver Valley 1 P3 23 -121 852 Bellefonte 1 CP 2 31 -119 1,235
Beaver Valley 2 CP 1 23 852 Bellefonte 2 CP 3 31 1,235
Bellefonte 1 CP 2 31 -211 1,235 Braidwood 1 CP 4 29 -112 1,120
Bellefonte 2 CP 3 31 1,235 Braidwood 2 CP 5 29 1,120

? Braidwood 1 CP 4 29 -198 1,120 Browns Ferry 1 B2 38 -495 1,065
% Braidwood 2 CP 5 29 1,120 Browns Ferry 2 B3 38 1,065

Browns Ferry 1 B2 38 -648 1,065 Browns Ferry 3 B4 38 1,065
Browns Ferry 2 B3 33 1.065 Brunswick 1 B5 28 -798 821
Browns Ferry 3 84 38 1,065 Brunswick 2 B6 28 821
Brunswick i B5 28 -910 821 Ryron 1 CP 6 29 -83 1,120
Brunswick 2 B6 28 821 Byron 2 CP 7 29 1,120
Byron 1 CP 6 29 -170 1,120 Calvert Cliffs 1 P4 32 -1,004 845
Byron 2 CP 7 29 1,120 Calvert Cliffs 2 P5 32 845
Calvert Cliffs 1 P4 32 -1,102 845 Catawba 1 CP10 29 -83 1,145
Calvert Cliffs 2 P5 32 845 Catawba 2 CPil 29 1,145
Catawba 1 CP10 29 -170 1,145 Comanche Peak 1 CP15 29 -112 1,150
Catawba 2 CPil 29 1,145 Diablo Canyon 1 CP19 29 -342 1,034
Comanche Peak 1 cpl 5 29 -198 1,150 Diablo Canyon 2 CP20 29 1,106
Comanche Peak 2 CP16 29 1,150 Dresden 1 B8 0 -552 200
Diablo Canyon 1 cpl 9 29 -429 1,084 Dresden 2 B9 36 794
Diablo Canyon 2 CP20 29 1,106 Dresden 3 B10 36 794
Dresden 1 B8 0 -697 200 Farley 1 P10 23 -303 829
Dresden 2 B9 36 794 Farley 2 CP21 23 829

k% Dresden 3 B10 36 794 Hatch 1 B13 28 -791 717
CL Farley 1 P10 23 -374 829 Hatch 2 B14 28 822

N Farley 2 CP21 23 829 LaSalle 1 CB15 38 -176 1,078
po Hatch 1 B13 28 -903 717 LaSalle 2 CB16 38 1,078

y Hatch 2 B14 28 822 McGuire 1 CP29 23 -223 1,180
LaSalle 1 CBIS 38 -329 1,078 McGuire 2 CP30 29 1,180*g
LaSalle 2 CB16 38 1,078 Midland 1 CP31 27 -132 492



Table F.8. Continued

' With Full Core Reserve Without full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b FNe Reactor Code Discharges Available c pyea b

2000 (Continued) 2000 (Continued)
Marble Hill 1 CP27 29 -54 1,130 Midland 2 CP32 27 887
Marble Hill 2 CP28 29 1,130 Millstone 2 P19 32 -283 830
McGuire 1 CP29 23 -310 1,180 t1111 stone 3 CP33 29 1,159
McGuire 2 CP30 29 1,180 North Anna 1 P20 23 -190 907
Midland 1 CP31 27 -212 492 North Anna 2 CP34 23 943
Midland 2 CP32 27 887 North Anna 3 CP35 22 907
Millstone 2 P19 32 -370 830 North Anna 4 CP36 22 907
Millstone 3 CP33 29 1,159 Oconee 1 P22 27 -1,612 887
Nine Mile Point 1 B19 0 -46 610 Oconee 2 P23 27 887
Nine Mile Point 2 CB19 38 1,080 Oconee 3 P24 27 887
North Anna 1 P20 23 -255 907 Peach Bottom 2 B21 38 -736 1,065
North Anna 2 CP34 23 943 Peach Bottom 3 B22 38 1,065

m North Anna 3 CP35 22 907 Prairie Island 1 P28 18 -568 530
0 North Anna 4 CP36 22 907 Prairie Island 2 P29 18 530
"

Oconee 1 P22 27 -1,692 887 Pt. Beach I P26 54 -234 497
Oconee 2 P23 27 837 Pt. Beach 2 P27 18 497
Oconee 3 P24 27 887 Quad Cities 1 B24 36 -1,174 789
Peach Bottom 2 B21 38 -888 1,065 Quad Cities 2 B25 36 789
Peach Bottom 3 B22 38 1,065 Salem 1 P32 29 -249 1,090
Prairie Island 1 P28 18 -623 530 Salem 2 CP40 29 1,115
Prairie Island 2 P29 18 530 San Onofre 1 P33 0 -667 436
Pt. Beach 1 P26 54 -288 497 San Onofre 2 CP41 32 1,140
Pt. Beach 2 P27 18 497 San Onofre 3 CP42 32 1,140
Quad Cities 1 824 36 -1,318 789 Sequoyah 1 CP46 29 -313 1,140
Quad Cities 2 B25 36 789 Sequoyah 2 CP45 29 1,140
Salem 1 P32 29 -336 1,090 South Texas 1 CP47 29 -25 1,250
Salem 2 CP40 29 1,115 South Texas 2 CP48 29 1,250
San Onofre 1 P33 0 -738 436 St. Lucie 1 P34 32 -386 802

g San Onofre 2 CP41 32 1,140 St. Lucie 2 CP49 32 842

San Onofre 3 CP42 32 1,140 Surry 1 P35 23 -756 822
p; Sequoyah 1 CP46 29 -400 1,140 Surry 2 P36 23 822

k Sequoyah 2 CP45 29 1,140 Turkey Point 3 P40 23 -906 693

T South Texas 1 CP47 29 -112 1,250 Turkey Point 4 P41 23 693d

C.,' South Texas 2 CP48 29 1,250 Watts Bar 1 CP60 29 -256 1,165

.N St. Lucie 1 P34 32 -484 802 Watts Bar 2 CP61 29 1,165'

St. Lucie 2 CP49 32 842 Zion 1 P43 29 -448 1,040**

Surry 1 P35 23 -827 822 Zion 2 P44 29 1,040



Table F.8. Continued

With full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Deactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c gwea b

2000 (Continued) 2000 (Continued)
Surry 2 P36 23 822
Susquehanna 1 CB27 38 -138 1,052
Susquehanna 2 CB28 38 1,052
Turkey Point 3 P40 23 -977 693
Turkey Point 4 F41 23 693
Witts Bar 1 CP60 29 -342 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -535 1,040
Zion 2 P44 29 1,040

Total 3,091 -27,850 96,319 Total 2,858 -21,886 88,655

[ The negative numbers in this column indicate that away-from-reactor storage in the amount shown will be required if full-core#

* reserve is to be maintained.

In February 1979 application was filed requesting storage capacity expansion of the Oconee Units 1 and 2 reactor basin by
186 MTHM. Authorization was granted in June 1979. In April 1979 application was filed requesting capacity expansion of the Big Rock
Point reactor basin by 50 MTHM. In July 1979 application was filed requesting capacity expansions of Hatch 1 and Hatch 2 reactor
basins by a total of 813 MTHM. The shortfalls of storage capacity shown in this table do not reflect the additional capacity that
would result from those expansions.

cThe negative numbers in this column indicate that all at-reactor spent fuel storage capacity has been used, and away-from-
reactor storage in the amount shown will be required for continuation of operation of the reactors at the site.

d0 discharge means that all of the reactors for that utility are shut down due to age.

C
CD
Cu

II.'
%cw



Table F.9. Away-from-Reactor Spent Fuel Storage Requirements (in MTHM) by Reactor Site for 280 GWe Capacity in the Year 2000

With Full Core Reserve Without Full Core Reserve
Annual Sto ra ge Annual Storage

Reactor Code Discharges Available ,b tfWe Reactor Code Dischar9es Available ,c ttgea b

1979 1979
Oconee 1 P22 27 -19 887
Oconee 2 P23 20 887
Oconee 3 P24 20 88 7
San Onofre 1 P33 23 -23 436

Total 90 -42 3,097 Total - - -

1980 1980
Humboldt Bay BIS 9 -4 65 Oconee 1 P22 27 -19 887
Oconee 1 P22 27 -99 887 Oconee 2 P23 27 887
Oconee 2 P23 27 887 Oconee 3 P24 27 887
Turkey Foint 3 P40 23 -41 693
Turkey Point 4 P41 23 693

Total 135 -143 4,112 Total 80 -19 2,661n

L
"' 1981 1981

Big Rock Point B1 4 -3 72 Oconee 1 P22 27 -99 887
Humboldt Bay BIS 9 -13 65 Oconee 2 P23 27 887
Indian Point 2 P15 29 -16 873 Oconee 3 P24 27 887
Robinson 2 P31 23 -16 700 Turkey Point 3 P40 23 -17 693
Oconee 1 P22 27 -178 887 Turkey Point 4 P41 23 693
Oconee 2 P23 27 887
Oconee 3 P24 27 887
Turkey Point 3 P40 23 -87 693
Turkey Point 4 P41 23 693

To tal 191 - 31 4 5,7E7 Total 126 -115 4,047

1982 1982'

Big Rock Point B1 4 -7 72 Oconee 1 P22 27 -178 887
Hurrboldt Bay B15 9 -21 65 Oconee 2 P23 27 887,,

b-- Indian Point 2 P15 29 -45 873 Oconee 3 P24 27 887
Ci Robinson 2 P31 23 -40 700 Turkey Point 3 P40 23 -63 693

Q Oconee 1 P22 27 -258 887 Turkey Point 4 P41 23 693
' y, Oconee 2 P23 27 887g

b*
]



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discha rges Available ,b MWe Reactor Tode Discharges Ava11able ,c ggea b

1982 (Continued) 1982 (Continued)
Oconee 3 P24 27 887
Quad Cities 1 B24 36 -15 789
Quad Cities 2 B25 36 789
Turkey Point 3 P40 23 -1 34 693
Turkey Point 4 P41 23 693

Total 264 -520 7,335 Total 126 -242 4 ,04 7

1983 1983

Big Rock Point B1 4 -12 72 Oconee 1 P22 27 -258 887
Ft. Calhoun Pll 20 -12 457 Oconee 2 P23 27 887
Humboldt Bay 815 9 -30 65 Oconee 3 P24 27 887
Indian Point 2 P15 29 -73 873 Turkey Point 3 P40 23 -110 693

fiaine Yankee P18 32 -26 790 Turkey Point 4 P41 23 693

Oyster Creek B20 28 -16 650-n
4 Palisades P25 31 -9 805

' Robinson 2 P31 23 -63 700
Calvert Cliffs 1 P4 32 -l 845
Calvert Cliffs 2 P5 32 845
Oconee 1 P22 27 -338 887
Oconee 2 P23 27 887
Oconee 3 P24 27 887
Prairie Island 1 P28 18 -11 530
Prairie Island 2 P29 18 530

Quad Cities 1 B24 36 -88 789

Quad Cities 2 B25 36 789

Surry 1 P35 23 -31 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -1 81 693
Turkey Point 4 P41 23 693

Total 522 -889 14,431 Total 126 -368 4,047

1984 1984

Big Rock Point B1 4 -16 72 Humboldt Bay BIS 9 -4 65

ft. Calhoun Pll 20 -32 457 Indian Point 2 P15 29 -15 873

CO Humboldt Bay B15 9 -35 65 Robinson 2 P31 23 -16 700

C Indian Point 2 P15 29 -102 873 Oconee 1 P22 27 -338 887

(a Maine Yankee P18 32 -58 790 Oconee 2 P23 27 887

Oyster Creek B20 28 -44 650 Oconee 3 P24 27 887
.g
CO
Z



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StoragePeactor Code Discha rges Available ,b r.We Reactor Code Jischarges Available c gwe

a
b

1984 (Continued) 1984 (Continued)
Palisades P25 31 -39 805 Quad Cities 1 924 36 -15 789Rancho Seco P30 27 -15 918 Quad Cities 2 B25 36 789Robinson 2 P31 23 -86 700 Su-ry 1 P35 23 -7 822Brunswick 1 B5 28 -14 821 Surry 2 P36 23 822Brunswick 2 B6 28 821 Turkey Point 3 P40 23 -157 693Calvert C' is 1 P4 32 -65 845 Turkey Point 4 P41 23 693Calvert Cliffs 2 P5 32 845
Hatch 1 B13 28 -13 717
Hatch 2 B14 22 822
Millstone 2 P19 32 -8 830
Oconee 1 P22 27 -417 887
Oconee 2 P23 27 887
Oconce 3 P24 27 887
Prairie Island 1 P28 lc -47 5307 Prairie Island 2 P29 18 530D Quad Cities 1 B24 36 -160 789
Quad Cities 2 B25 36 789
Su rry 1 P35 23 -78 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -228 693
Turkey Point 4 P41 23 693

Total 688 -1,462 19,360 Total 306 -552 8,907

1985 1985

Big Rock Point B1 4 -20 72 Big Rock Point B1 4 -3 72Ft. Calhoun Pll 20 -52 457 Humboldt Bay B15 9 -13 65Humboldt Bay B15 9 -47 65 Indian Point 2 P15 29 -44 873g Indian Point 2 P15 29 -131 873 Robinson 2 P31 23 -39 700
gs Maine Yankee P18 32 -90 790 Calvert Cliffs 1 P4 32 -32 845
ei Millstore 1 B17 29 -8 660 Calvert Cliffs 2 P5 32 845M Oyster Creek B20 28 -72 650 Oconee 1 P22 27 -417 887P* Palisades P25 31 -70 805 Oconee 2 P23 27 887C Rancho Seco P30 27 -42 918 Oconee 3 P24 27 887Q Robinson 2 P31 23 -110 700 Prairie Island 1 P28 18 -28 530

Tr ojan P39 29 -3 1,130 Prairie Island 2 P29 18 530
Brunswick 1 B5 28 -70 821 Quad Cliffs 1 B24 36 -88 789
Brunswick 2 06 28 821 Quad Cliffs 2 B25 36 789
Calvert Cliffs 1 P4 32 -130 845 Surry 1 P35 23 -54 822
Calvert Cliffs 2 P5 32 845 Surry 2 P36 23 822



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b t'We Reactor Code Discharges Availableb c MWea

1985 (kntinued) 1985 (Continued)
Hatch 1 B13 28 -63 717 Turkey Point 3 P40 23 -204 693

Hatch 2 Bl4 22 822 Turkey Point 4 P41 23 693

Millstore 2 P19 32 -41 830
Oconee 1 P22 27 -497 887

Oconee 2 P23 27 887

Oconee 3 P24 27 887

Prairie Island 1 P28 18 -83 530

Prairie Island 2 P29 18 530

Quad Cities 1 B24 36 -232 789

Quad Cities 2 B25 36 789

Surry 1 P35 23 -125 822
Surry 2 P36 23 822

Turkey Point 3 P40 - 23 -275 693
Turkey Point 4 P41 23 693

Total 745 -2,160 21.150 Total 411 -923 11,729

1986 1986

Big Rock Point B1 4 -24 72 Big Rock Point B1 4 -7 72

Ft. Calhoun Pil 20 -72 457 Ft. Calhoun Pil 20 -12 457

Ginna P12 18 -1 490 Humboldt Bay 815 9 -22 65

Humboldt Bay BIS 9 -56 65 Indian Point 2 P15 29 -73 873

Indian Point 2 PIS 29 -160 873 Maine Yankee P18 32 -25 790

Maine Yankee P18 32 -123 790 Palisades P25 31 -9 805

Millstone 1 B17 29 -37 660 Robinson 2 P31 23 -63 700

Oyster Creek B23 28 -100 650 Brunswick 1 B5 28 -14 821

Palisades P25 31 -100 805 Brunswick 2 86 28 821

Pilgrim 1 823 29 -1 655 Calvert Cliffs 1 P4 32 -97 845

Rancho Seco P34 27 -66 918 Calvert Cliffs 2 P5 32 845

Pobinson 2 P31 23 -133 700 Hatch 1 B13 28 -7 717

Three Mile Island 1 P37 27 -19 819 Hatch 2 B14 28 822

Three Mile Island 2 P38 27 -13 906 Oconee 1 P22 27 -497 887

Trojan P39 29 -32 1,130 Oconee 2 P23 27 887

Brunswick 1 B5 28 -126 821 Oconee 3 P24 27 887

(.O Brunswick 2 86 23 821 Prairie Island 1 P28 18 -64 530

Calvert Cliffs 1 P4 32 -195 845 Prairie Island 2 P29 18 530

f Calvert Cliffs 2 P5 32 845 Quad Cities 1 824 36 -160 789

Hatch 1 B13 28 -119 717 Quad Cities 2 825 36 789

Hatch 2 B14 28 822 Surry 1 P35 23 -10' 822

- w3 ' Millstone 2 P19 32 -73 330 Surry 2 P36 23 822

O



,
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Table F.9. Continued

With Full fore Peserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Ccde Discharges Available ,c gwe

a
b

l_986, (Continued) 1986 (Continued)
Oconee 1 P22 27 -576 887 Turkey Point 3 P40 23 -251 693Oconee 2 P23 27 887 Turkey Point 4 P41 23 693Oconee 3 P24 27 887
Prairie Island 1 P28 18 -119 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -305 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -171 822
Surry 2 P25 23 822
Turkey Point 3 P40 23 -321 693
Turkey Point 4 P41 23 693

Total 851 -2,944 23,020 Total 606 -1 ,401 16,962

, 1987 1987

5 Big Rock Point B1 4 -28 72 Big Dock Point B1 4 -12 72
Ft. Calhoun Pil 20 -91 4b7 Ft. Calhoun Pil 20 -32 457
Ginna P12 18 -19 490 Humboldt Bay BIS 9 -30 65
Humboldt Bay BIS 9 -65 65 Indian Point 2 P15 29 -102 873
Indian Point 2 P15 29 -189 873 Maine Yankee P18 32 -58 790
Maine Yankee P18 32 -155 790 Oyster Creek B20 28 -16 650
Millstone 1 B17 29 -66 660 Palisades P25 31 -39 805
Oyster Creek B20 38 -1?3 650 Rancho Seco P3C 27 -15 918
Falisades P25 31 -13J 805 Robinson 2 P31 23 -86 700
Pilgrim 1 823 29 -29 655 Brunswick 1 B5 28 -70 821
Rancho Seco P30 27 -95 918 Brunswick 2 B6 28 821

P* Robinson 2 P31 23 -157 700 Calvert Cliffs 1 P4 32 -162 845[. Three Mile Island 1 P37 27 -45 819 Calvert Cliffs 2 P5 32 845
g; Three Mile Island 2 P38 27 -40 906 Hatch 1 B13 28 -63 717,w Trojan P23 29 -60 1,130 Hatch 2 B14 28 822
F"- Verront Yankee B26 18 -18 514 Millstone 2 P19 32 -8 830El Arkansas 1 P1 27 -37 850 Oconee 1 P22 27 -576 887
N's Arkansas 2 P2 27 950 Oconee 2 P23 27 887

Brunswick 1 B5 28 -182 821 Oconee 3 P24 27 887
Brunswick 2 86 28 821 Prairie Island l P28 18 -100 530
Calvert Cliffs 1 P1 32 -260 845 Prairie Island 2- P29 18 530
Calvert Cliffs 2 P5 32 845 Quad Cities 1 824 36 -232 789
Hatch 1 B13 28 -175 717 Quad Cities 2 B25 36 789
Hatch 2 B14 28 822 Surry 1 P35 23 -148 822
Millstone 2 P19 32 -105 830 Surry 2 P36 23 822



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

a bReactor Code Discha rges Available ,b MWe Reactor Code DiscFarges Available c MWe

M (Continued) 1987 (Continued)

Oconee 1 P22 27 -656 887 Turkey Point 3 P40 23 -297 693
Oconee 2 P23 27 887 Turkey Point 4 P41 23 693
Cconee 3 P24 27 887
Prairie Islard 1 P28 18 -155 530
Prairie Island 2 P29 18 530
Quad Cities 1 824 36 -377 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -218 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -368 693
Turkey Point 4 P41 23 693

Total 923 -3,850 26,334 Total 693 -2,047 19,360

p 1 93 S 1989

8 Sig Rock Point B1 4 -33 72 Big Rock Point B1 4 -16 72

Fitzpatrick B12 28 -25 821 Ft. Calhoun Pil 20 -51 457

f t. Calhoun Pil 10 -111 457 Humboldt Bay B15 9 -39 65

Ginna P12 18 -37 490 Indian Point 2 P15 29 -131 873

Harrboldt Bay B15 9 -73 65 Maine Yankee P14 32 -90 790

Indian Pcint 2 P15 29 -217 873 Oyster Creek B20 28 -44 650

Indian Point 3 P16 29 -5 873 Palisades P25 31 -70 805

Maine Yankee P18 32 -188 790 Rando Seco P30 27 -42 918

fiillstone 1 917 29 -95 660 Robinson 2 P31 23 -109 700

Monticello B18 24 -15 545 Trojan P39 29 -2 1,130

Oyster Creek B20 28 -156 650 Arkansas 1 P1 27 -10 850

Palisades P25 31 -162 805 Arkansas 2 P2 27 950

Pilgrim 1 B23 29 -58 655 Brunswick 1 B5 28 -126 821

Rancho Seco P30 27 -122 918 Brunswick 2 B6 28 821

Robinson 2 P31 23 -180 700 Calvert Cliffs 1 P4 32 -227 845

Three Mile Island 1 P37 27 -72 819 Calvert Cliffs 2 P5 32 845

Three Mile Island 2 P38 27 -66 906 Hatch 1 B13 28 -119 717

9 Trojan P39 29 -89 1,130 Hatch 2 Bl4 28 822

b Vermont Yankee B26 18 -36 514 Oconee 1 P22 27 -656 887

03 Arkansas 1 P1 27 -90 850 Oconee 2 P23 27 887

he Arkansas 2 P2 27 950 Oconee 3 P24 27 887

- Brunswick 1 B5 28 -238 821 Prairie Island 1 P28 18 -136 530

D BrJnsWiCL 2 86 28 821 Prairie Island 2 P29 18 530

Calvert Cliffs 1 P4 32 -324 845 Quid Cities 1 B24 36 -305 789#

Calvert Cliffs 2 P5 32 845 Quad Cities 2 B25 36 789

Natch 1 B13 28 -231 71 7 Surry 1 P35 23 -194. 822



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available4,b MWe Reactor Code Discharges Available ,c web

1989 (Continued) 1989 (Continued)
Hatch 1 B13 28 -287 717 Prairie Island 1 P28 18 -172 530
Hatch 2 B14 28 822 Prairie Island 2 P29 18 530
Oconee 1 P22 27 -815 887 Qusd Cities 1 B24 36 -377 789
Oconee 2 P23 27 887 Quad Cities 2 B25 36 789
Oconee 3 P24 27 887 Surry 1 P35 23 -241 822
Peach Botton 2 B21 38 -48 1 ,065 Surry 2 P36 23 822
Peach Bottom 3 B22 38 1,065 Turkey Point 3 P40 23 -391 693
Prairie Island 1 P28 18 -227 530 Turkey Point 4 P41 23 693
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -522 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 - 31 2 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -462 693,

g Turkey Point 4 P41 23 693

Tctal 1,048 -5,699 29,873 Total 843 -3,495 24,335

1990 1990

Big Rock Point B1 4 -41 72 Big Rock Point B1 4 -24 72

Cook 2 P7 29 -27 1.100 Ft. Calhoun Pil 20 -91 457
Cooper B7 27 -11 778 Ginna Pl2 la -18 490
Fitzpatrick B12 28 -81 821 Humboldt Bay BIS 9 -56 65
ft. Calhoun Pil 20 -151 457 Indian Point 2 FIS 29 -188 873
Ginna P12 18 -73 490 Maine Yankee P18 32 -155 790
Humboldt Bay Bl5 9 -90 65 t'illstone 1 B17 29 -37 660

(O Indian Point 2 P15 29 -275 873 Oyster Creek B20 28 -100 650

r. Indian Point 3 P16 29 -63 873 Palisades P25 31 -131 805i

[. Maine Yankee P18 32 -252 790 Pilgrim 1 B23 29 -1 655

Millstone 1 B17 29 -153 660 Rancho Seco P30 27 -95 918''

P' Monticello B1B 24 -63 545 Robinson 2 P31 23 -156 700

M Oyster Creek B20 28 -212 650 Three Mile Island 1 P37 27 -45 819

M Palisades P25 31 -223 805 Three "ile Island 2 P38 27 -40 906

Pilgrim 1 B23 29 -116 655 Trojan P39 29 -60 1,130

Rancho Seco P30 27 -175 918 Arkansas 1 P1 27 -117 850

Robinson 2 P31 23 -227 700 Arkansas 2 P2 27 950

Three Mile Island 1 P37 27 -125 819 Brunswick 1 B5 28 -238 821

Three tiile Island 2 P38 27 -119 906 Brunswick 2 B6 28 821

Trojan P39 29 -147 1,130 Calvert Cliffs 1 P4 32 -356 845

Vermont Yankee B26 18 -73 514 Calvert Cliffs 2 P5 32 845

Arkansas 1 91 27 -196 850 Hatch 1 B13 28 -231 717



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

a bReactar Code Discharges Available ,b MWe Peactor Code Discharges Available ,c gy,

1988 (Continued) 1988 (Continued)
Hatch 2 B14 28 822 Surry 2 P36 23 822
Oconee 1 P22 27 -736 887 Turkey Point 3 P40 23 -344 693
Oconee 2 P23 27 887 Turkey Point 4 P41 23 693
Oconee 3 P24 27 887
Prairie Island 1 P28 18 -191 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -450 789
Quad Cities 2 B25 36 789
Surry 1 P35 23 -265 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -41 5 693
Turkey Point 4 P41 23 693

Total 971 -4,680 27,743 Total 743 -2,712 21,460
,

1989 1989

Big Rock Point B1 4 -37 72 Big Rock Point B1 4 -20 72

Fitzpatrick B12 28 -53 821 Ft. Calhoun Pil 20 -71 457

Ft. Calhoun Pil 20 -131 457 Ginna P12 18 -1 490

Ginna P12 18 -55 490 Humboldt Bay BIS 9 -47 65

Humboldt Bay B15 9 -82 65 Indian Point 2 P15 29 -159 873

Indian Point 2 P15 29 -246 873 Pbine Yankee P18 32 -122 790

Indian Point 3 P16 29 -34 873 Millstone 1 B17 29 -8 660

Maine Yankee P18 32 -221 790 Oyster Creek B20 28 -72 650

Millstone 1 B17 29 -124 660 Palisades P25 31 -100 805

Monticello B18 24 -39 545 Rancho Seco P30 27 -68 918

Oyster Creek B20 28 -184 650 Robinson 2 P31 23 -133 700

Palisades P25 31 -192 805 Three Mile Island 1 P37 27 -19 819

Pilgrim 1 823 29 -87 655 Three Mile Island 2 P38 27 -13 906

Rancho Seco P30 27 -148 918 Trojan P39 29 -31 1,130

Robinson 2 P31 23 -203 700 Arkansas 1 P1 27 -63 850

Three Mile Island 1 P37 27 -99 819 Arkansas 2 P2 27 950

Three Mile island 2 P38 27 -93 906 Brunswick 1 B5 28 -182 821

Trojan P39 29 -118 1,130 Brunswick 2 86 28 821

(* Vennont Yankee B26 18 -55 514 Calvert Cliffs 1 P4 32 -292 845

/ Arkansas 1 P1 27 -143 850 Calvert Cliffs 2 P5 32 845

9 Arkansas 2 P2 27 950 Ha tch 1 813 28 -175 717

k'd Brunswick 1 B5 28 -294 821 Hatch 2 B14 28 822

P* Brunswick 2 B6 28 821 Oconee 1 P22 27 -736 887

M Calvert Cliffs 1 P4 32 -389 845 Oconee 2 P23 27 887

:p Calvert Cliffs 2 P5 32 845 Oconee 3 P24 27 887



.

Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b Pde Reactor Code Discharges Available ,c ggea b

1990 (Continued) 1990 (Continued)

Arkansas 2 P2 27 950 Hatch 2 B14 28 822
Brunswick 1 85 28 -350 821 Oconee 1 P22 27 -815 887
Brunswick 2 B6 28 821 Oconee 2 P24 27 887
Calvert Cliffs 1 P4 32 -454 845 Oconee 3 P24 27 887
Calvert Cliffs 2 P5 32 845 Prairie Island 1 P28 18 -208 530
Hatch 2 B13 28 -343 717 Prairie Island 2 P29 18 530
Hatch 2 B14 28 822 Quad Cities 1 B24 36 -450 789
Oconee 1 P22 27 -895 887 Quad Cities 2 B25 36 789

Oconee 2 P23 27 887 Surry 1 P35 23 -288 822

Oconee 3 P24 27 887 Surry 2 P36 23 822

Peach Bottom 2 B21 38 -124 1 ,065 Turkey Point 3 P40 23 -438 693

Peach Cottom 3 B22 38 1,065 Turkey Point 4 P41 23 693

Prairie Island 1 P28 18 -263 530
Prairie Island 2 P29 18 530,,

in Quad Cities 1 B24 36 -594 789
" Quad Cities 2 B25 36 789

Surry 1 P35 23 -359 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -509 693
Turkey Point 4 P41 23 693

Total 1,104 -6,785 31,751 Total 872 -4,338 24,990

1991 1991

Big Rock Point B1 4 -45 72 Si9 P.ock Point B1 4 -28 72

Cook 2 P7 29 -56 1,100 Ft. Calhoun Pil 20 -111 457

Cooper B7 27 -39 778 Ginna P12 18 -36 490

Fitzpatrick B12 28 -109 821 Humboldt Bay B15 9 -65 65

Ft. Calhoun Pil 20 -171 457 Indian Point 2 P15 29 -217 873

k, Ginna P12 18 -91 490 Indian Point 3 P16 29 -5 873

CJ Humboldt Bl5 9 -99 65 Maine Yankee P18 32 -187 790

CO Indian Point 2 P15 29 -304 873 tiillstone 1 B17 29 -66 660

pm Indian Point 3 P16 29 -92 873 Oyster Creek B23 28 -128 650

47 Maine Yankee PIB 32 -285 790 Palisades P25 31 -162 805

P 'r Millstone 1 B17 29 -182 660 Pilg-im 1 B23 29 -29 655

Monti cello B18 24 -87 545 Rancho Seco P30 27 -122 918#'

Oyster Creek B20 28 -240 650 Robinson 2 P31 23 -180 700

Palisa;es P25 31 -253 805 Three Mile Island 1 P37 27 -72 819

Pilgrim i B23 29 -145 655 Three Mile Island 2 P38 27 -66 906



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discha rges Available ,b MWe Peactor Code Discharges Available ,c gy,a b

1991 (Continued) 1991 (:ontinueo)
Rancho Seco P30 27 -201 918 Trojan P39 29 -89 1.130
Robinson 2 P31 23 -250 700 Vermont Yankee B26 18 -18 514
Three Mile Island 1 P37 27 -152 Pi9 Arkansas 1 P1 27 -170 850
Three Mile Island 2 P38 27 -146 906 Arkansas 2 P2 27 950
Trojan P39 29 -176 1,130 Brunswick 1 85 28 -294 821
Vermont Yankee B26 18 -92 514 Brunswick 2 B6 28 821
Zimer 1 CP65 84 -l 810 Calvert Cliffs 1 P4 32 -421 845
Arkansas 1 P1 27 -249 850 Calvert Cliffs 2 P5 32 845
Arkansas 2 P2 27 950 Hatch 1 Bl3 28 -287 717
Brunswick l B5 28 -4 06 821 Hatch 2 Bl4 28 822
Brunswick 2 B6 28 821 Oconee 1 P22 27 -895 887
Calvert Cliffs 1 P4 32 -519 845 Oconee 2 P23 27 887
Calvert Cliffs 2 P5 32 845 Oconee 3 P24 27 887

d7 Dresden 1 B8 O ~46 200 Peach Botton 2 B21 38 -48 1,065
% Dresden 2 B9 36 794 Peach Bottom 3 B22 38 1,065

Dresden 3 B10 36 794 Prairie Island 1 P28 18 -244 530
Hatch 1 813 28 -399 717 Prairie Island 2 P29 18 530
Hatch 2 B14 28 822 Quad Cities 1 B74 36 -522 789
Oconee 1 P22 27 -975 887 Quad Cities 2 B25 36 789

Oconee 2 P23 27 887 Surry 1 P35 23 -335 322
Oconee 3 P24 27 887 Surry 2 P36 23 822

Peach Bottom 2 B21 38 -201 1 ,065 Turkey Point 3 P40 23 -485 693

Peach Bottom 3 B22 38 1,065 Turkey Point 4 P41 23 693

Prairie Island 1 P28 18 -299 530
Prairie Island 2 P29 18 530
Quad Cities 1 B24 36 -667 789

Quad Cities 2 B25 36 789
San Onofre 1 P33 23 -3 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1.140

CO Surry 1 P35 23 -405 822

CJ Surry 2 P36 23 822

Q; Turkey Point 3 P40 23 -555 693

p Turkey Point 4 P41 23 693
- Zion 1 P43 29 -17 1,040

% Zion 2 P44 29 1,040

Total 1,406 -7,955 38,945 Total 995 -5,291 28,507''



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discha rges Available ,b MWe Reactor Code Discharges Available ,c P%e

a b
.

1992 1992

Big Rock Point B1 4 -49 72 Big Rock Point B1 4 -33 72Cook 2 P7 29 -85 1.100 Fitzpatrick B12 28 -25 821Cooper B7 27 -66 778 Ft. Calhoun Pll 20 -131 457Fitzpatrick B12 28 -137 821 Ginna P12 18 -54 490Ft. Calhoua Pil 20 -190 457 Humboldt Bay 815 9 -73 65
Ginna P12 18 -109 490 Indian Point 2 P15 29 -246 873
Haddam Neck P13 23 -2 575 Indian Point 3 P16 29 -34 873Humboldt Bay B15 9 -108 65 Maine Yankee P18 32 -220 790Indian Point 2 P15 29 -333 873 Millstone 1 B17 29 -95 660Indian Point 3 P16 29 -121 873 Monticello B18 24 -15 545
Maine Yankee P18 32 -317 790 Oyster Creek B20 28 -156 650
Millstone 1 817 29 -211 660 Palisades P25 31 -192 805
Monticello B18 24 -111 545 Pilgrim 1 B23 29 -58 655Oyster Creek B20 28 -268 650 Rancho Seco P30 27 -148 918

7' Palisades P25 31 -284 805 Robinson 2 P31 23 -203 700$ Pilgrim 1 B23 29 -1 74 655 Three Mile Island 1 P37 27 -99 819
Rancho Seco P32 27 -228 918 Three Mile Island 2 P38 27 -93 906
Robinson 2 P31 23 -274 700 Trojan P39 29 -117 1,130
Three Mile Island 1 P37 27 -178 819 Vermont Yankee B26 18 -36 514
Three Mile Island 2 P38 27 -172 9% Arkansas 1 P1 27 -223 850
Trojan P39 29 -204 1,130 Arkansas 2 P2 27 950
Vermont Yankee B26 18 -110 514 Brunswick 1 B5 28 -350 821
Zimer 1 CP65 84 -85 810 Brunswick 2 B6 28 821
Arkansas 1 P1 27 -302 850 Calvert Cliffs 1 P4 32 -486 845
Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845
Brunswick 1 B5 28 -462 821 Hatch 1 B13 28 -343 717
Brunswick 2 B6 28 821 Hatch 2 B14 28 822
Calvert Cliffs 1 P4 32 -584 845 Oconee 1 P22 27 -975 887
Calvert Cliffs 2 ?5 32 845 Oconee 2 P23 27 887
Dresden 1 B8 0 -118 200 Oconee 3 P24 27 887
Cresden 2 B9 36 794 Peach Bottom 2 B21 38 -124 1,065

Q Dresden 3 B10 36 794 Peach Botton 3 B22 38 1,065
ro. Hatch 1 B13 28 -455 717 Prairie Island 1 P28 18 -280 530

['j Hatch 2 Bl4 28 822 Prairie Island 2 P29 18 530
Oconee 1 P22 27 -1,054 887 Quad Cities 1 B24 36 -594 789.

f"" Oconee 2 P23 27 887 Quad Cities 2 B25 36 7C9
M Oconee 3 P24 27 887 Surry 1 P35 23 -382 822
d Peach Bottom 2 B21 38 -277 1 ,065 Surry 2 P36 23 822

Peach Bottom 3 B22 38 1,065 Turkey Point 3 P40 23 -531 693
Prairie Island 1 P28 18 -335 530 Turkey Point 4 P41 23 693

Prairie Island 2 P29 18 530



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Availableb,c pgea

1992 (Continued) 1992 (Continued)
Quad Cities 1 824 36 -739 789
Quad Cities 2 B25 36 789
San Onofre 1 P33 23 -91 436
San Onofre 2 CP41 32 1.140
San Onofre 3 CP42 32 1,140
St Lucie 1 P34 32 -30 802
St Lucie 2 CP49 32 842
Surry 1 P35 23 -452 822
Surry 2 P36 23 822
Turkey Point 1 P40 23 -602 693
Turkey Point 2 P41 23 693
Zion 1 P43 29 -74 1 ,04 0

Zion 2 P44 29 1,040

7i Total 1,494 -9,394 41,164 Total 1,048 -6,316 29,873
"
m

1993 1993

Big Rock Point B1 17 -49 72 Big Rock Point B1 17 -49 72

Cook 2 P7 29 -114 1.100 Cook 2 P7 29 -27 1,100

Cooper B7 27 -93 778 Fitzpatrick B12 28 -E3 821

Fitzpatrick B12 28 -165 821 Ft. Calhoun P11 20 -150 457

Ft. Calhoun P11 20 -210 457 Ginna Pl2 18 -72 490

Ginna P12 18 -127 490 Humboldt Bay B15 34 -108 65

Haddam Neck P13 23 -26 575 Indian Point 2 P15 29 -275 873

Humboldt Bay BIS 34 -108 65 Indian Point 3 Pl6 29 -63 873

Indian Point 2 P15 29 -361 873 Maine Yankee P18 32 -252 790

Indian Point 3 Pl6 29 -149 873 Millstone 1 B17 29 -124 660

Lacrosse B16 4 -3 50 Monticello Bl8 24 -39 545

Maine Yankee P18 32 -350 790 Oyster Creek B20 28 -184 650

Millstone 1 817 29 -240 660 Palisades P25 31 -223 805

Monticello B18 24 -136 545 Pilgrim 1 823 29 -87 655

g Oyster Creek B20 28 -296 650 Rancho Seco P30 27 -175 918

Palisades P25 31 -31 5 805 Robinson 2 P31 23 -226 700

0,3 Pilgrim 1 B23 29 -203 655 Three Ptile Island 1 P37 27 -125 819

Cd Rancho Seco P30 27 -254 918 Three Mile Island 2 P38 27 -119 906

E* Robinson 2 P31 23 -297 700 Trojan P39 29 -146 1,130

?; Summer 1 CP51 23 -22 900 Vermont Yankee B26 18 -55 514

gy Three Mile Island 1 P37 27 -205 819 Arkansas 1 P1 27 -276 850

Three Mile Island 2 P38 27 -199 906 Arkansas 2 P2 27 958



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discha rges Available ,c FMe

a b

1993 (Continued) 1993 (Continued)
Trojan P39 29 -233 1,130 Brunswick 1 B5 28 -406 821Vennant Yankee B26 18 -128 514 Brunswick 2 B6 28 821Zimer 1 CP65 84 -169 810 Calvert Cliffs 1 P4 32 -551 845Arkansas 1 P1 27 -356 850 Calvert Cliffs 2 P5 32 845Arkansas 2 P2 27 950 Dresden 1 B8 Od -46 200Biunswick 1 B5 28 -51 8 821 Dresden 2 B9 36 794
Brunswick 2 B6 28 821 Dresden 3 B10 36 794Calvert Cliffs P4 32 -648 845 Match 1 B13 28 -399 717Calvert Cliffs P5 32 845 Match 2 B14 28 822
Diablo Canyon 1 CP19 29 -26 1,084 Oconee 1 P22 27 -1,054 887
Diablo Canyon 2 CP20 29 1,106 Oconee 2 P23 27 687
Dresden 1 B8 0 -190 200 Oconee 3 P24 27 887
Dresden 2 B9 ?6 794 Peach Bottom 2* B21 38 -201 1,005
Dresden 3 B10 36 794 Peach Bottom 3 B22 38 1,065,

&, Farley 1 P10 23 -46 829 Prairie Island 1 -

P28 18 -316 530Farley 2 CP21 23 829 Prairie Island 2 P29 18 530
N

Hatch 1 B13 28 -51 1 717 Quad Cities 1 B24 36 -667 789
Hatch 2 B14 28 822 Quad Cities 2 B25 36 789
Millstone 2 P19 32 -6 830 San Onofre 1 P33 23 -82 436
Millstone 3 CP33 22 1,159 San Onofre 2 CP41 32 1,140
Oconee 1 P22 27 -1,134 887 San Onofre 3 CP42 32 1,140
Oconee 2 P23 27 887 Surry 1 P35 23 -428 822
Oconee 3 P24 27 887 Surry 2 P36 23 822
Peach Bottom 2 B21 38 -354 1,065 Turkey Point 3 P40 23 -578 693
Peach Bottom 3 B22 38 1,065 Turkey Point 4 P41 23 693
Prairie Island 1 P28 18 -371 530 Zion 1 P43 29 -45 1,040
Prairie Island 2 P29 18 530 Zion 2 P44 29 1,040
Quad Cities 1 B24 36 -812 789g
Quad Cities 2 B25 36 789

b San Onofre 1 P33 23 -180 436
Cd San Onofre 2 CP41 32 1,140
pre San Onofre 3 CP42 32 1,140
@ Sequoyah 1 CP46 29 -26 1,140
rp Sequoyah 2 CP45 29 1,140

St Lucie 1 P34 32 -95 802
St Lucie 2 CP49 32 842
Surry 1 P35 23 -499 822
Surry 2 P36 23 822
Turkey Point 3 P40 23 -649 693
Turkey Point 4 P41 23 693



Table F.9. Continued
___

With Full Core Reserve Without Full Core Reserve _

Annual Storace Annual Storage
a bReac';or Code Discharges Available ,b MWe Reacto r Code Discharges Available .c gwe

1993 (Continued) 1993 (Continued)

Zion 1 P43 29 -132 1.040
Zion 2 P44 29 1.04 0

Total 1.776 -11,004 50,231 Total 1,333 -7.601 37.357

1994 1994

Big Rock Point B1 0 -49 72 Bla Rock Point B1 0 -49 72

Cook 2 P7 29 -143 1,100 Cook 2 P7 29 -56 1.100
Cooper B7 27 -121 778 Cooper B7 27 -11 778

Duane Arnold Bil 18 -2 538 Fitzpatrick 012 28 -81 821

Fitzpatrick B12 28 -193 821 Ft. Calhoun Pil 20 -1/0 457

Ft. Calhoun Pil 20 -230 457 Ginna P12 18 -90 490

Ginna P12 18 -145 490 Humboldt Bay BIS 0 -108 65

7' Haddam Neck P13 23 -49 575 Indian Point 2 P15 29 -303 873

$ Humboldt Bay B15 0 -108 65 Indian Point 3 P16 29 -91 873*

Indian Point 2 P15 29 -390 873 Maine Yankee P18 32 -284 790

Indian Point 3 P16 29 -178 873 Millstone 1 B17 29 -153 E60

Lacrosse B16 4 -7 50 Monticello B18 24 -63 545

Maine Yankee P18 32 -382 790 Oyster Creek B20 28 -212 650

Millstone 1 B17 29 -269 660 Palisades P25 31 -253 805

P4 ,ticello B18 24 -160 545 Pilgrim 1 B23 29 -116 655

Cyster Creek B20 28 -324 650 Rancho Seco P30 27 -201 918

Palisades P25 31 -345 805 Robinson 2 P31 23 -250 700

Pilgrim 1 B23 29 -232 655 Three Mile Island 1 P37 27 -152 819

Rancho Seco P30 27 -281 918 Three Mile Island 2 P38 27 -146 906

Robinson 2 P31 23 -320 700 Trojan P39 29 -175 1,130

Sumer 1 CP51 23 -45 900 Vermont Yankee B26 18 -73 514

Three Mile Island 1 P37 27 -231 819 Zimer 1 CP65 84 -l 810

C4 Three Mile Island 2 P38 27 -225 906 Arkansas 1 P1 27 -329 850

Ca Trojan P39 29 -262 1,130 Arkansas 2 P2 27 950

Vermont Yankee B26 18 -147 514 Brunswick 1 B5 28 -462 821

r). '. Waterford 3 CP59 31 -29 1,267 Brunswick 2 B6 28 821
>'

$ ,. Zimer 1 CP65 84 -253 810 Calvert Cliffs 1 P4 32 -616 B45

Arkansas 1 P1 27 -409 850 Calvert Cliffs 2 P5 32 845
*-

C Arkansas 2 P2 27 950 Dresden 1 S8 0 -118 200

Brunswick 1 85 28 -574 821 Dresden 2 B9 36 794

Brunswick 2 B6 28 821 Dresden 3 B10 36 794

Calvert Cliffs 1 P4 32 -713 845 Farley 1 P10 23 -22 829

Calvert Cliffs 2 P5 32 845 Farley 2 CP21 23 829



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Stora9eRc actor Code Discharges Available ,b g.We Reactor Code Discharges Available ,c gg,

a b

1994 (Continued) 1994 (Continued)
Diablo Canyon 1 CP19 29 -83 1.084 Hatch 1 B13 28 -455 717Diablo Canyon 2 CP20 29 1,106 Hatch 2 B14 28 822Dresden 1 B8 0 -263 200 Oconee 1 P22 27 -1,134 887Gresden 2 B9 36 794 Oconee 2 P23 27 887Dresden 3 B10 36 794 Oconee 3 P24 27 387Farley 1 P10 23 -93 829 Peach Bottom 2 B21 38 -277 1,065Farley 2 CP21 23 829 Peach Botton 3 B22 38 1,065Hatch 1 B13 28 -567 717 Prairie Island 1 P28 18 -352 530Hatch 2 Bl4 28 822 Prairie Island 2 P29 18 530McGuire 1 CP29 23 -26 1,180 Quad Cities 1 824 36 -739 78 9McGuire 2 CP30 29 1,180 Quad Cities 2 B25 36 789Millstone 2 P19 32 -60 830 San Onofre 1 P33 23 -170 436Millstone 3 CP33 22 1,159 San Onofre 2 CP41 32 1,140

, Oconee 1 P22 27 -1,214 887 San Onofre 3 CP42 32 1,140le Oconee 2 P23 27 887 St Lucie 1 P34 32 -62 802*
Oconee 3 P24 27 887 St Lucie 2 CP49 32 842Peach Bottom 2 B21 38 -430 1,065 Surry 1 P35 23 -475 822Peach Bottom 3 822 38 1,065 Surry 2 P36 23 822Prairie Island 1 P28 18 -407 530 Turkey Point 3 P40 23 -625 693Prairie Island 2 P29 18 530 Turkey Point 4 P41 23 693Pt. Beach 1 P26 18 -36 497 Zion 1 P43 29 -103 1,040
Pt. Beach 2 P27 18 497 Zion 2 P44 29 1.040Quad Cities 1 B24 36 -884 789
Quad Cities 2 B25 36 789
San Onofre 1 P33 23 -268 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140
Sequoyah 1 CP46 29 -83 1,140

(O Sequoyah 2 CP45 29 1,140
C St Lucie 1 P34 32 -160 802
,- 3 St Lucie 2 CP49 32 842
71 Su rry 1 P35 23 -54 6 822
(; Surry 2 P36 23 822
W Turkey Point 3 P40 23 -696 693
'** Turkey Point 4 P41 23 693

Zion 1 P43 29 -189 1 ,040
Zion 2 P44 29 1,04 0

Total 1,862 -12,821 55,253 Total 1,505 -8,980 42,110



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Rcactor Code Discharges Available ,b MWe Reacto r Code Discharges Availableb,c MWea

1995 1995

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
Cook 2 P7 29 -171 1,100 Cook 2 P7 29 -85 1,100

, Cooper B7 27 -148 778 Cooper B7 27 -39 778
Duane Arnold Bil 18 -21 538 Fitzpatrick B12 28 -109 821

Enrico Ferni 2 CB 6 38 -31 1,123 Ft. Calhoun P11 20 -190 457
F i tzpatrick B12 28 -221 821 Ginna P12 18 -108 490
Ft. Calhoun Pil 20 -250 457 Haddam Neck P13 23 -2 575

Ginna P12 18 -163 490 Humboldt Bay BIS 0 -108 65
Haddam Neck Pl3 23 -72 575 Indian Point 2 P15 29 -332 873
Humboldt Bay B15 0 -108 65 Indian Point 3 P16 29 -120 873
Indian Point 2 P15 29 -419 873 Maine Yankee P18 32 -317 790
Indian Point 3 P16 29 -207 873 Millstone 1 B17 29 -182 660
Lacrosse B16 4 -10 50 Monticello B18 24 -87 545

Maine Yankee P18 32 -414 790 Oyster Creek B20 28 -240 650
,

a Millstone 1 B17 29 -298 660 Palisades P25 31 -284 805
o Monticello Bl3 24 -184 545 Pilgrim 1 B23 29 -145 655

Oytter Creek B20 28 -352 650 Rancho Seco P30 27 -228 918

Palisades P25 31 -376 805 Robinson 2 P31 23 -273 700

Pilgrin 1 823 29 -261 655 Three Mile Island 1 P37 27 -178 819

Rancho Seco P30 27 -307 91 8 Three File Island 2 P38 27 -172 906

Robir. son ,? P31 23 -344 700 Trojan P39 29 -204 1,130

Shoreham CB26 28 -22 854 Vermont Yankee B26 18 -92 514

Summer 1 CP51 23 -69 900 Zirrier 1 CP65 84 -86 810

Three Mlle Island 1 P37 27 -258 819 Arkansas 1 P1 27 -382 850

Three Mile Island 2 P38 27 -252 906 Arkansas 2 P2 27 950

Trojan P39 29 -291 1,130 Brunswick 1 B5 28 -518 821

Vermont Yankee B26 18 -165 514 Brunswick 2 B6 28 821

Washington Nuclear 2 CB29 38 - 31 1,103 Calvert Cliffs 1 P4 32 -680 845

Waterford 3 CP59 31 -60 1,267 Calvert Cliffs 2 P5 32 845

Zimmer 1 CP65 84 -338 810 Diablo Canyon 1 CP19 29 -54 1,084

eA Arkansas 1 P1 27 -462 850 Diablo Canyon 2 CP20 29 1,106

Arkansas 2 P2 27 950 Dresden 1 B8 0 -190 200

[| Browns Ferry 1 B2 38 -75 1 .065 Dresden 2 89 36 794

h' Browns Ferry 2 B3 ~8 1.065 Dresden 3 B10 36 794

P' Browns Ferry 3 84 38 1,065 Farley 1 P10 23 -69 829

(T Brunswick 1 B5 28 -630 821 Farley 2 CP21 23 829

') Brunswick 2 B6 28 821 Hatch 1 B13 28 -511 717^

Calvert Cliffs 1 P4 32 -773 845 Hatch 2 B14 28 822

Calvert Cliffs 2 P5 32 845 Millstone 2 Pl9 32 -35 830



Table F.9. Continued

With "ull Core Reserve Without Full Core Reserve
Annual Sto rage Annual Storage

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c ggea b

1995 (Continued) 1995 (Continued)
Diablo Canyon 1 cpl 9 29 -141 1,084 Millstene 3 CP33 29 1,159
Diablo Canyon 2 CP20 29 1,106 Oconee 1 P22 27 -1,214 887
Dresden 1 58 0 -335 200 Oconce 2 P23 27 887
Dresden 2 B9 36 794 Oconee 3 P24 27 887
Dresden 3 810 36 794 Peach Bottom 2 B21 38 -354 1,065
Farley 1 P10 23 -140 829 Peach Eottom 3 B22 38 1,065
Farley 2 CP21 23 829 Prairie Island 1 P28 18 -388 530
Hatch 1 B13 28 -623 717 Prairie Island 2 P29 18 530
Hatch 2 Bl4 28 822 Pt. Beach 1 P26 18 -17 497
McGuire 1 CP29 23 -78 1,180 Pt. Beach 2 P27 18 497
McGuire 2 CP30 29 1,180 Quad Cities 1 B24 36 -812 789
Millstone 2 P19 32 -122 830 Quad Cities 2 B25 36 789
Millstone 3 CP33 29 1,159 San Onofre 1 P33 23 -258 436

7 Oconee 1 P22 27 -1,293 887 San Onofre 2 CP41 32 1,140
$ Oconee 2 P23 27 887 San Onofre 3 CP42 32 1,140

Oconee 3 P24 27 887 Sequoyah 1 CP46 29 -54 1,140
Peach Bottom 2 B21 38 -506 1,065 Sequoyah 2 CP45 29 1,140
Peach Bottom 3 B22 38 1 .06 5 St Lucie 1 P34 32 -127 802
Prairie Island 1 P28 18 -443 530 St Lucie 2 CP49 32 842
Prairie Island 2 P29 18 530 Surry 1 P35 23 -522 822
Pt. Beach 1 P26 18 -72 497 Surry 2 P36 23 822
Pt. Beach 2 P27 18 497 Turkey Point 3 P40 23 -672 693
Quad Cities | B24 36 -956 789 Turkey Point 4 P41 23 693
Quad Cities 2 B25 36 789 Zion 1 P43 29 -160 1,040
Salem 1 P32 29 -48 1,090 Zion 2 P44 29 1 , 04 0
Salem 2 CP40 29 1,115
San Onofre 1 P33 23 -356 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1,140
Sequoyah 1 CP46 29 -141 1,140
Sequoyah 2 CP45 29 1,140 *

k,, St Lucie 1 P34 32 -225 802
03 St Lucie 2 CP49 32 842
{d Surry 1 P35 23 -593 822

he Surry 2 F36 23 822
y', Turkey Point 3 P40 23 -743 693

"g Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -54 1,165
Wa tts Ba r 2 CP61 29 1,165



Tat,le F.9. Continued

With full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

Reac to r Code Discharges Available ,b MWe Reactor Code Di scha rges Available ,c g,a b

1995 (Continued) 1995 (Continued)
lion 1 P43 29 -247 1,040
Zion 2 P44 29 1 , 04 0

Total 2,203 -14,952 66,063 Total 1,741 -10,646 50,138

1996 1996

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72
Cook 2 P7 29 -200 1.100 Cook 2 P7 29 -113 1,103
Cooper B7 27 -176 778 Cooper B7 27 -66 778
Crystal River 3 P8 27 -9 825 Fitzpatrick B12 28 -137 821
Duare Arnold Bil 18 -39 538 Ft. Calhoun P11 20 -210 457
Enrico Femi 2 CB 6 38 -69 1,123 Ginna P12 18 -126 490
Fitzpatrick B12 28 -249 821 Haddam Weck P13 23 -25 575
f t. Calhoun Pil 20 -270 457 Humboldt Bay BIS 0 -108 65

7' Ginna P12 18 -181 490 !adian Point 2 P15 29 -361 873

$ Haddam Neck P13 23 -96 575 Indian Point 3 P16 29 -149 873
Humboldt Bay B15 0 -108 55 Maine Yankee PIB 32 -343 790
Indian Point 2 Pl5 29 -448 873 Millstone 1 817 29 -211 660
Indian Point 3 P16 29 -236 873 Monticello BIS 24 -111 545
Lacrosse B16 4 -14 50 Oyster Creek B20 28 -268 650
Maine Yankee P18 32 -447 790 Palisades P25 31 -315 805

Millstone 1 B17 29 -327 660 Pilgrim 1 B23 29 -174 655

Monticello B16 24 -208 545 Rancho Seco P30 27 -254 918
Oyster Creek B20 28 -38 0 650 Robinson 2 P31 23 -297 700

Palisades P25 31 -406 805 Summer 1 CP51 23 -22 900
Pilgrim 1 B23 29 -290 655 Three Mile Island 1 P37 27 -205 819

Pancl.o Seco P30 27 -334 918 Three Mile Island 2 P38 27 -199 906

Robinson 2 P31 23 -367 700 Trojan P39 29 -233 1,130

S noreham CB26 28 -50 854 Vermont Yankee B26 18 -110 514

Sumner 1 CP51 23 -92 900 Zimer 1 CP65 04 -170 810

Three Mile Island 1 P37 27 -284 819 Arkansas 1 P1 27 -435 850

Three Mile Island 2 P38 27 -279 936 Arkansas 2 P2 27 950

O Trojan P39 29 -320 1,130 Browns Ferry 1 B2 38 -37 1,065

C Verront Yankee B26 18 -184 514 Browns Ferry 2 B3 38 1,065

Q Washington Nuclear 2 CB29 38 -69 1,103 Brow:.s Ferry 3 84 38 1,065

Waterford 3 CP59 31 -90 1,267 Brunswick 1 B5 28 -574 821
p,4

Zimmer 1 CP65 84 -422 81 0 Brunswick 2 86 23 821

h*,- Arkansas 1 P1 27 - 51 5 850 Calvert Cliffs 1 P4 32 -745 845

r Arkansas 2 P2 27 950 Calvert Cliffs 2 P5 32 845

Bellefonte 1 CP 2 31 -58 1,235 Diablo Canyon 1 CP19 29 -112 1,084



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b "We Reactor Code Discharges Availableb,c Mwea

- l_996_ (Continued) 1996 (Continued)
Bellefonte 2 CP 3 31 1,235 Dia51o Canyon 2 CP20 29 1,106
Braidwood 1 CP 4 29 -26 1,120 Dresden 1 B8 0 -263 200
Braidwood 2 CP 5 29 1,120 Dresden 2 B9 36 794
Browns Ferry 1 B2 38 -190 1,065 Dresden 3 B10 36 794
Browns Ferry 2 B3 38 1,065 Farley 1 P10 23 -116 829
Browns Ferry 3 B4 38 1,065 Farley 2 CP21 23 829
Brunswick 1 B5 28 -686 821 Hatch 1 B13 28 -567 717

Brunswick 2 B6 28 821 Hatch 2 B14 28 822
Byron 1 CP 6 29 -26 1,120 McGuire 1 CP29 23 -43 1,180
Byron 2 CP 7 29 1.120 McGuire 2 CP30 29 1,180
Calvert Cliffs 1 P4 32 -843 845 Millstone 2 Pl9 32 -96 330
Calvert Cliffs 2 P5 32 845 Millstone 3 CP33 29 1,159
Catawba 1 CP10 29 -26 1,145 Oconee 1 P22 27 -1,293 887

Catawba 2 CP11 29 1,145 Oconee 2 P23 27 887

7 Comanche Peak 1 CP15 29 -54 1 ,1 50 Oconee 3 P24 27 887

$ Comanche Peak 2 CP16 29 1,150 Peach Bottom 2 B21 38 -430 1,065
Diablo Canyon 1 CP19 29 -193 1,084 Peach Bottom 3 B22 38 1,065
Diablo Canyon 2 CP20 29 1,106 Prairie Island 1 P28 18 -424 530

Dresden 1 B8 0 -408 200 Prairie Island 2 P29 18 530

Dresden 2 B9 36 794 Pt. Beach 1 P26 le -53 497

Dresden 3 B10 36 794 Pt. Beach 2 P27 18 497

Farley 1 P10 23 -186 829 Quad Cities 1 B24 36 -884 789

Farley 2 CP21 23 829 Quad Cities 2 B25 36 789

Hatch 1 B13 28 -679 717 Salem 1 P32 29 -19 1,090

Hatch 2 B14 28 822 Salem 2 CP4r5 29 1,115

LaSalle 1 CBI S 38 -23 1,078 San Oncfre 1 P33 23 -347 436

LaSalle 2 CB16 38 1,078 San Onofre 2 CP41 32 1,140

McGuire 1 CP29 23 -130 1,180 San Onofre 3 CP42 32 1,140

McGuire 2 C P30 2? 1,180 Sequoyah 1 CP46 29 -112 1,140

Midland 1 CP31 27 -52 492 Sequoyah 2 CP45 29 1,140

Midland 2 CP32 27 887 St Lucie 1 P34 32 -192 802

L. Millstone 2 P19 32 -183 830 St Lucie 2 CP49 32 842

C Millstone 3 CP33 29 1,159 Surry 1 P35 23 -569 822

(2 Oconee 1 P22 27 -1,373 887 Surry 2 P36 23 822

Oconee 2 P23 27 887 Turkey Point 3 P40 23 -719 693

H.. Oconee 3 P24 27 887 Turkey Point 4 P41 23 693

h Peach Bottom 2 B21 38 -583 1,065 Watts Bar 1 Ct60 29 -25 1,165
bi Peach Bottom 3 822 38 1,065 Watts Bar 2 CP61 29 1,165

Prairie Island 1 P28 18 -479 530 Zion 1 P43 29 -218 1,040

Prairie Island 2 P29 18 530 Zion 2 P44 29 1,040

/



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual Storage

a bReactor Code Discharges Available ,b MWe Reactor Code Discharges Available c gwe

1996 (Continued) 1996 (Cc,ntinued)
Pt. Beach 1 P26 18 -108 497
Pt. Beach 2 P27 18 497
Quad Cities 1 B24 36 -1,029 789
Quad Cities 2 825 36 789
Salem 1 P32 29 -106 1.090
Salem 2 CP40 29 1,115
San Onofre 1 P33 23 -444 436
San Onofre 2 CP41 32 1,140
San Onofre 3 CP42 32 1.140
Sequoyah 1 CP46 29 -198 1.140
Sequcyah 2 CP45 29 1,140
St Lucie 1 P34 32 -289 802
St Lucie 2 CP49 32 842
Surry 1 P35 23 -639 822
Surry 2 P36 23 822

[ Turkey Point 3 P40 23 -789 693
Turkey Point 4 P41 23 693a

Watts Bar 1 CP60 29 -112 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -305 1,040
Zion 2 P44 29 1,040

Total 2,651 -17,428 82,000 Tctal 2,046 -12,533 61.128

1997 1997

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -229 1,100 Cook 2 P7 29 -142 1,100

Cooper B7 27 -203 778 Cooper B7 27 -93 778

Crystal River 3 P8 27 -36 825 Fitzpatrick B12 28 -165 821

Ouane Arnold Bil 18 -58 538 Ft. Calhoun Pil 20 -230 457

C.O Enrico Fermi 2 CB 6 38 -107 1,123 Ginna P12 18 -144 490

C Fitzpatrick B12 28 -277 821 Haddam Neck P13 23 -49 575

Q Ft. Calhoun P11 20 -289 457 Humboldt Bay B15 0 -108 65

9 Ginna P12 18 -199 490 Indian Point 2 P15 29 -390 873

Haddam Neck P13 23 -119 575 Indian Point 3 P16 29 -178 873

*h,; Humboldt Bay BIS 0 -108 65 Lacrosse B16 4 -3 50

v- Indian Point 2 P15 29 -477 873 Maine Yankee P18 32 -382 790

Indian Point 3 P16 29 -265 873 Millstone 1 B17 29 -240 660

Kewaunee Pl7 18 -1 535 Monticello B18 24 -136 545

Lacrosse B16 4 -17 50 Oyster Creek B20 28 -296 650

Maine Yankee P18 32 -479 790 Palisades P25 31 -345 805



.

* Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b KWe Reactor Code Discharges Available ,c gaea b

1997 (Continued) 1997 (Continued)
Millstone 1 B17 29 -356 660 Pilgrim 1 B23 29 -203 655
Monticello B18 24 -232 545 Rancho Seco P30 27 -281 918
Oyster Creek B20 28 -408 650 Robinson 2 P31 23 -320 700
Palisades P25 31 -437 805 Summer 1 CPS 1 23 -45 900
Pilgrim 1 E23 29 -319 655 Three Mile Island 1 P37 27 -231 819
Rancho Seco P30 27 -360 918 Three Mile Island 2 P38 27 -225 906
Robinson 2 P31 23 -391 700 Trojan P39 29 -261 1,130
Shoreham CB26 28 -78 854 Vermont Yankee B26 18 -128 514
Summer 1 CP51 23 -116 900 Waterford 3 CP59 31 -29 1,267
Three Mile Island 1 P37 27 -311 819 Zimmer 1 CP65 84 -254 810
Three Mile Island 2 P38 27 -305 906 Arkansas 1 P1 27 -488 B50
Trojan P39 29 -348 1,130 Arkansas 2 P2 27 950
Vermont Yankee B26 18 -202 514 Bellefonte 1 CP 2 31 -27 1,235

7 Washington Muclear 2 CB29 38 -107 1,103 Bellefonte 2 CP 3 31 1,235
g Waterford 3 CP59 31 -121 1.267 Browns Ferry 1 B2 38 -152 1,065

Wolf Creek 1 CP62 29 -27 1,150 Crowns Ferry 2 B3 38 1,065
Zimmer 1 CP65 84 -505 810 Browns Ferry 3 84 38 1,065
Arkansas 1 P1 27 -568 850 Brunswick 1 B5 28 -630 821
Arkansas 2 P2 27 950 Brunswick 2 B6 28 821
Braver Valley 1 P3 23 -27 852 Calvert Cliffs 1 P4 32 -810 845
Beaver Valley 2 CP 1 23 852 Calvert Cliffs 2 PS 32 845
Bellefonte 1 CP 2 31 -119 1,235 Comanche Peak 1 CP15 29 -25 1,150
Bellefonte 2 CP 3 31 1,235 Comanche Peak 2 CP16 29 1,150
Briidwood 1 CP 4 29 -83 1,120 Diablo Canyon 1 CP19 29 -169 1,084
Braidwood 2 CP 5 29 1,120 Diablo Canyon 2 CP20 29 1,106
Browns Ferry 1 B2 38 -304 1,065 Dresden 1 B3 0 -335 200
Browns Ferry 2 83 38 1,065 Dresden 2 B9 36 794
Browns Ferry 3 B4 38 1,065 Dresden 3 B10 36 794

(;^ Brunswick 1 B5 28 -742 821 Farley 1 P10 23 -162 829

7 Brunswick 2 B6 28 821 Farley 2 CP21 23 829
Byron 1 CP 6 29 -83 1,120 Hatch I B13 28 -623 717

(N'' Byron 2 CP 7 29 1,120 Hatch 2 Bl4 28 82'
s

,

P Calvert Cliffs 1 P4 32 -908 845 McGuire 1 CP29 23 -95 1,18)
k' Calvert Cliffs 2 P5 32 845 McGuire ? CP30 29 1,l Rt
N Catawba 1 CP10 29 -83 1,145 Midland 1 CP31 27 -26 49;

Catawba 2 CPll 29 1,145 Midland 2 CP32 27 887
Comanche Peak 1 CP15 29 -112 1,150 Millstone 2 P18 32 -157 830



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
b

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c MWea

1997 (Continued) 1997 (Continued)
Comanche Peak 2 cpl 6 29 1,150 ftillstone 3 CP33 29 1,159

Diablo Canyon 1 cpl 9 29 -256 1,084 Oconee 1 P22 27 -1,373 887

Diablo Canyon 2 CP20 29 1,106 Oconee 2 P23 27 887

Dresden 1 88 0 -480 200 Oconee 3 P24 27 837

Dresden 2 89 36 794 Peach Bottom 2 B21 33 's6 1,065

Dresden 3 B10 36 794 Peach Bottom 3 B22 38 1,065

Farley 1 P10 23 -233 829 Prairie Island 1 P28 18 -460 530

Farley 2 CP21 23 829 Prairie Island 2 P29 18 530

Hatch 1 B13 28 -735 717 Pt. Beach 1 P26 18 -89 497

Hatch 2 Bl4 28 822 Pt. Beach 2 P27 18 497

LaSalle 1 CB15 38 -99 1,078 Quad Cities 1 B24 36 -956 789

LaSalle 2 CB16 33 1,078 Quad Cities 2 B25 36 789

McGuire 1 CP29 23 -182 1,180 Salem 1 P32 29 -77 1,090

McGuire 2 CP30 29 1,180 Salem 2 CP40 29 1,115

m Midland 1 CP31 27 -105 492 San Onofre 1 P33 23 -435 436

E Midland 2 CP32 27 887 San Onofre 2 CP41 32 1,140

Millstone 2 P19 32 -244 830 San Onofre 3 CP42 32 1,140*

Millstone 3 CP33 29 1,159 Sequoyah 1 CP46 29 -169 1,140

North Anna 1 P20 23 -50 907 Sequoyah 2 CP45 29 1,140

North Anna 2 CP34 23 943 St. Lucie 1 P34 32 -?S7 802

North Anna 3 CP35 22 907 St. Lucie 2 CP49 32 842

North Anna 4 CP36 22 907 Surry 1 P35 23 -616 822

Oconee 1 P22 27 -1,453 887 Surry 2 P36 23 822

Oconee 2 P23 27 887 Turkey Point 3 P40 23 -765 693

Oconee 3 P24 27 887 Turkey Point 4 P41 23 693

Peach Bottom 2 B21 38 -659 1,065 Watts Bar 1 CP60 29 -83 1,165

Peach Bottom 3 B22 38 1,065 Watts Bar 2 CP61 29 1,165

Prairie Island 1 P28 18 -51 5 530 Zion 1 P43 29 -275 1,040

Prairie Island 2 P29 18 530 Zion 2 P44 29 1,040

Pt. Beach 1 P26 18 -144 497

Pt. Beach 2 P27 18 497

Quad Cities 1 B24 36 -1,101 789

(O Quad Cities 2 B25 36 789

C Salem 1 P32 29 -163 1,090

f.* Salem 2 CP40 29 1,115

Ed San Onofre 1 P33 23 -532 436

L ., San Onofre 2 CP41 32 1,140

V San Onofre 3 CP42 32 1,140
1,140@ Sequoyah 1 C P46 29 -256 *

Sequoyah 2 CP45 29 1,140

South Texas 1 CP47 29 -26 1,250
.



.

Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage tnnual Storage
b

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available c gj,a

1997 (Continued)1997 (Continued)
South Texas 2 CP48 29 1,250

St. Lucie 1 P34 32 -354 802

St. Lucie 2 CP49 32 842

Surry 1 P35 23 -686 822

Surry 2 P36 23 822

Turkey Point 3 P40 23 -836 693

Turkey Point 4 P41 23 693

Watts Bar 1 CP60 29 -170 1,165

Watts Bar 2 CP61 29 1,165

Zion 1 P43 29 -362 1,040

Zion 2 P44 29 1,040

Total 2,892 -20,210 91,500 Total 2,252 -14,689 68,594

m 1998g 1998

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -258 1,100 Cook 2 P7 29 -171 1.100

Cooper B7 27 -230 778 Cooper B7 27 -121 778

Crystal River 3 P8 27 -62 825 Duane Arnold Bil 18 -2 538

Duane Arnold Bil 18 -76 538 Fitzpatrick B12 28 -193 821

Enrico Fermi 2 CB 6 38 -145 1,123 Ft. Calhoun Pil 20 -249 457

Fitzpatrick B12 28 -305 821 Ginna P12 18 -162 490

Forked River CP22 32 -31 1,070 Haddam Neck P13 71 -119 575

Ft. Calhoun Pil 20 -309 457 Humboldt Bty BIS 0 -108 65

Ginna P12 18 -217 490 Indian Point 2 Pl5 29 -419 873

g. Haddam Neck P13 71 -119 575 Indian Point 3 P16 29 -207 873

w/ Humboldt Bay BIS 0 -108 65 Lacrosse B16 4 -7 50jf

CQ Indian Point 2 P15 29 -505 873 Maine Yankee P18 32 -414 790

bn Indian Point 3 P16 29 -293 873 Millstone 1 B17 29 -269 660

f9 Kewaunee Pl7 18 -18 535 Monticello B18 24 -160 545

Lacrosse B16 4 -21 50 Oyster Creek B20 28 -324 650

Maine Yankee P18 32 -512 790 Palisades P25 31 -376 805]
Millstone 1 B17 29 -385 660 Pilgrim 1 B23 29 -232 655

,

Monticello B18 24 -257 545 Rancho Seco P30 27 -307 918

Oyster Creek B20 28 -436 650 Robinson 2 P31 23 -343 700

Palisades P25 31 -468 805 Sunner 1 CP51 23 -68 900

Pilgrim 1 B23 29 -348 655 Three Mile Island 1 P37 27 -258 819

Rancho Seco P30 27 -387 918 Three Mile Island 2 P38 27 -252 906



Table F.9. Continued

.

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b MWe Reactor Code Discha rges Available ,c MWe

a b

1998 (Continued) 1998 (Continued)
Robinson 2 P31 23 -414 700 Trojan P39 29 -290 1,130
Shoreham CB26 28 -106 854 Vermont Yankee B26 18 -147 514
Summer 1 CP51 23 -139 900 Waterford 3 CP59 31 -59 1,267
Three Mile Island 1 P37 27 -338 819 Zimmer 1 CP65 84 -338 810Three Mile Island 2 P38 27 -332 906 Arkansas 1 P1 27 -541 850Trojan P39 29 -377 1,130 "rkansas 2 P2 27 950,

Vermont Yankee B26 18 -220 514 Beaver Valley 1 P3 23 -4 852
Washington Nuclear 2 CB29 38 -145 1,103 Beaver Valley 2 CP 1 23 852
Waterford 3 CP59 31 -152 1,267 Bellefonte 1 CP 2 31 -88 1,235
Wolf Creek 1 CP62 29 ~56 1.150 Bellefonte 2 CP 3 31 1,235
Zinrner 1 CP65 84 -590 810 Braidwood 1 CP 4 29 -54 1,120
Arkansas 1 P1 27 -621 850 Braidwood 2 CP 5 29 1,120
Arkansas 2 P2 27 950 Browns Ferry 1 B2 38 -266 1,065
Beaver Valley 1 P3 23 -74 852 Browns Ferry 2 B3 38 1,065,,

a Beaver Valley 2 CP 1 23 852 Browns Ferry 3 B4 38 1.065m Bellefonte 1 CP 2 31 -180 1.235 Brunswick i B5 28 -686 821
Bellefonte 2 CP 3 31 1,235 drunswick 2 B6 28 821
Braidwood 1 CP 4 29 -141 1,120 Byron 1 CP 6 29 -54 1,120
Braidwood 2 CP 5 29 1,120 Byron 2 CP 7 29 1,120
Browns Ferry 1 B2 38 -419 1,065 Calvert Cliffs 1 P4 L -875 845
Browns Ferry 2 B3 38 1,065 Calvert Cliffs 2 P5 32 845
Browns Ferry 3 B4 38 1,065 Catawba 1 CP10 29 -54 1,145
Brunswick 1 B5 28 -798 821 Catawba 2 CP11 29 1,145
Brunswick 2 B6 28 821 Comanche Peak 1 CP15 29 -83 1,150
Byron 1 CP 6 29 -141 1,120 Comanche Peak 2 CP16 23 1,150
Byron 2 CP 7 29 1,120 Diablo Canyon 1 CP19 29 -227 1,084
Calvert Cliffs 1 P4 32 -972 845 Diablo Canyon 2 CP20 29 1,106
Calvert Cliffs 2 P5 32 845 Dresden 1 B8 0 -408 200
Catawba 1 CPIO 29 -141 1,145 Dresden 2 B9 36 794E *,.
Catawba 2 CPil 29 1,145 Dresden 3 B10 36 794C' Comanche Peak 1 CP15 29 -170 1,150 Farley 1 P10 23 -209 829

C4 Comanche Peak 2 CP16 29 1,150 Farley 2 CP21 23 829
'p * Diablo Canyon 1 CP19 29 -314 1,084 Hatch 1 B13 28 -679 717
y; Diablo Canyon 2 CP20 29 1,106 Hatch 2 B14 28 822
'g Dresden 1 B8 0 -552 200 LaSalle 1 CBIS 38 -23 1.078

Dresden 2 B9 36 794 LaSalle 2 CBl6 38 1,078
Dresden 3 B10 36 794 PcGuire 1 CP29 23 -148 1,180

.



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
a b

Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c gwe

1998 (Continued) 1998 (Continued)
Farley 1 P10 23 -280 829 McGuire 2 CP30 29 1,180
Farley 2 CP21 23 829 Midland 1 CP31 27 -79 492

Hatch 1 Bl3 28 -791 717 Midland 2 CP32 27 887

Hatch 2 B14 28 822 Millstone 2 P19 32 -218 830

LaSalle 1 CB15 38 -176 1,078 Millstone 3 CP33 29 1,159

LaSalle 2 CB16 36 1,078 North Anna 1 P20 23 -75 907

Marble Hill 1 CP27 29 -54 1,130 North Anna 2 CP34 23 943

Marble Hill 2 CP28 29 1,130 North Anna 2 CP35 22 907

McGuire 1 CP29 23 -234 1,180 North Anna 4 CP36 22 907

McGuire 2 CP30 29 1,180 Oconee 1 P22 27 -1,453 887

Midland 1 CP31 27 -158 492 Oconee 2 P23 27 887

Midland 2 CP32 27 887 Oconee 3 P24 27 887

Millstone 2 Pl9 32 -305 830 Peach Bottom 2 B21 38 -583 1,065

7 Millstone 3 CP33 29 1,159 Peach Bottom 3 B22 38 1,065

g North Anna 1 P20 23 -140 907 Prairie Island 1 P28 18 -496 530

North Anna 2 CP34 23 943 Prairie Island 2 P29 18 530

North Anna 3 CP35 22 907 Pt. Beach 1 P26 18 -125 497

North Anna 4 CP36 22 907 Pt. Beach 2 P27 18 497

Oconee 1 P22 27 -1,532 887 Quad Cities 1 B24 36 -1,029 789

Oconee 2 P23 27 887 Quad Cities 2 B25 36 789

Oconee 3 P24 27 887 Salem 1 P32 29 -134 1,090

Peach Bottom 2 B21 38 -736 1,065 Salem 2 CP40 29 1,115

Peach Bottom 3 B22 38 1,065 San Onofre 1 P33 71 -570 436

Prairie Island 1 P28 18 -551 530 San Onofre 2 CP41 32 1,140

Prairie Island 2 P29 18 530 San Onofre 3 CP42 32 1,140

Pt. Beach 1 P26 18 -180 497 Sequoyah 1 CP46 29 -227 1,140

Pt. Beach P27 18 497 Sequoyah 2 CP45 29 1,140

Quad Cities 1 B24 36 -1,174 789 St Lucie 1 P34 32 -321 802

Quad Cities 2 B25 36 789 St Lucie 2 CP49 32 842

Salem 1 P32 29 -221 1,090 Surry 1 P35 23 -662 822~

P^ Salem 2 CP40 29 1,115 Surry 2 P36 23 822

San Onofre 1 P33 71 -668 436 Turkey Point 3 P40 23 -812 693

[i San Onofre 2 CP41 32 1,140 Turkey Point 4 P41 23 693

e' San Onofre 3 CP42 32 1,140 Watts Bar 1 CP60 29 -140 1,165
7
P ''' Sequoyah 1 CP46 29 - 314 1,140 Watts Bar 2 CP61 29 1,165

C3 Sequoyah 2 CP45 29 1,140 Zion 1 P43 29 -333 1,040

M South Texas 1 CP47 29 -83 1,250 Zion 2 P44 29 1,040

South Texas 2 CP48 29 1,250

.



Table F.9. Continued

With Full Core Reserve I Without Full Core Reserve

Annual Storage Annual Storage
a bReactor Code Discharges Available ,b MWe Reactor Code Discharges Available ,c gj,

'

1993 (Continued) 1998 (Continued)
St. Lucie 1 P34 32 -419 802
St. Lucie 2 CP49 32 842
Surry 1 P35 23 -733 822
Surry 2 P36 23 822
Susquehanna 1 CB27 38 -61 1,052
Susquehanna 2 CB28 38 1,052
Turkey Point 3 P40 23 -883 693
Turkey Point 4 P41 23 693
Watts Bar 1 CP60 29 -227 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -420 1,040
Zion 2 P44 29 1,040

[ Total 3.153 -23,273 97,000 Total 2.751 -17.301 83,426
O

1999 1999

Big Rock Point B1 0 -49 72 Big Rock Point B1 0 -49 72

Cook 2 P7 29 -287 1,100 Cook 2 P7 29 -200 1,100
Cooper B7 27 -258 778 Cooper B7 27 -148 778

Crystal River 3 P8 27 -89 825 Crystal River 3 P8 27 -9 825

Duane Arnold Bil 18 -94 538 Duane Arnold Bil 18 -21 538

Enrico Fermi 2 CB 6 38 -184 1,123 Enrico Fermi 2 CB 6 38 -31 1,123
Fitzpatrick B12 28 -333 821 Fitzpatrick B12 28 -221 821

Forked River CP22 32 -63 1,070 Ft. Calhoun P11 20 -269 457

Ft. Calhoun Pil 20 -329 457 Ginna P12 18 -180 490

Ginna P12 18 -235 490 Haddam Neck P13 0 -119 575

Haddam Neck P13 0 -119 575 Humboldt Bay Bl5 0 -108 65

Humboldt Bay BIS 0 -108 65 Indian Point 2 P15 29 -447 873

Indian Point 2 P15 29 -534 873 Indian Point 3 Pl6 29 -235 873

Indian Point 3 P16 29 -322 873 Lacrosse B16 14 -21 50

Kewaunee P17 18 -36 535 Maine Yankee P18 32 -446 790

Lacrosse B16 14 -21 50 Millstone 1 B17 29 -293 660

,+ Maine Yankee P18 32 -544 790 Monticello B18 24 -184 545

W Millstone 1 B17 29 -414 660 Oyster Creek B20 112 -436 650
C Monticello B18 24 -281 545 Palisades P25 31 -406 805

C Dyster Creek B20 112 -436 650 Pilgrim 1 B23 29 -261 655

'S Palisades P25 31 -498 805 Rancho Seco P30 27 -334 918
P
C Pilgrim 1 B23 29 -377 655 Robinson 2 P31 23 -367 700

CS



Table F.9. Continued

With full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b MWe Reactor Code Discharges Available c yy,

a b

1999 (Continued) 1999 (Continued)
Rancho Seco P30 27 -414 918 Shoreham CB26 28 -22 854
Rcbinson 2 P31 23 -437 700 Summer 1 CPS 1 23 -92 900
Shoreham CB26 28 -134 854 Three Mile Island 1 P37 27 -284 819
Summer 1 CP51 23 -162 900 Three Mile Island 2 P38 27 -279 906
Three Mile Island 1 P37 27 -364 819 Trojan P39 29 -319 1.130Three Mile Island 2 P38 27 -358 906 Vermont Yankee B26 18 -165 514
Trojan P39 29 -406 1,130 Washington Nuclear 2 CB29 39 -31 1,103
Vermont Yankee B26 18 -239 514 Waterford 3 CP59 31 -90 1,267
Washington Nuclear 2 CB29 38 -183 1,103 Zinmer 1 CP65 84 -422 810
Waterford 3 CP59 31 -182 1,267 Arkansas 1 P1 27 -594 850
Wolf Creek 1 CP62 29 -85 1,150 Arkansas 2 P2 27 950
Zimmer 1 CP65 84 -674 810 Beaver Valley 1 P3 23 -50 852
Arkansas 1 P1 27 -674 850 Beaver Valley 2 CP 1 23 852

n Arkansas 2 P2 27 950 Bellefonte 1 CP 2 31 -149 1,235' Beaver Valley 1 P3 23 -121 852 Bellefonte 2 CP 3 31 1,235---

S Beaver Valley 2 CP 1 23 852 Braidwood 1 CP 4 29 -112 1.120
Bellefonte 1 CP 2 31 -242 1,235 Braidwood 2 CP 5 29 1,120
Bellefonte 2 CP 3 31 1,235 Browns Ferry 1 B2 38 -381 1,065
Braidwood 1 CP 4 29 -198 1,120 Browns Ferry 2 B3 38 1,065

*Braidwood 2 CP 5 29 1,120 Browns Ferry 3 84 38 1,065
Browns Ferry 1 B2 38 -534 1,065 Brunswick 1 B5 28 -742 821
Browns Ferry 2 B3 38 1,065 Brunswick 2 B6 28 821
Browns Ferry 3 B4 38 1,065 Byron 1 CP 6 29 -112 1,120
Brunswick 1 B5 28 -854 821 Byron 2 CP 7 29 1,120
Brunswick 2 B6 28 821 Calvert Cliffs 1 P4 32 -940 845
Byron 1 CP 6 29 -198 1,120 Calvert Cliffs 2 P5 32 845
Byron 2 CP 7 29 1,120 Catawba 1 CP10 23 -112 1,145

k3 Calvert Cliffs 1 P4 32 -1,037 845 Catawba 2 CP11 29 1,145
C3 Calvert Cliffs 2 P5 32 845 Comanche Peak 1 CP15 29 -140 1,150
{d Catawba 1 CP10 29 -198 1,145 Comanche Peak 2 cpl 6 29 1,150
W Catawba 2 CPil 29 1,145 Diablo Canyon 1 CP19 29 -285 1,184
g Comanche Peak 1 CP15 29 -228 1,150 Diablo Canyon 2 CP20 29 1,106

Comanche Peak 2 CP16 29 1,150 Dresden 1 BB 0 -480 200,. )
Davis Besse 1 P9 27 -13 906 Dresden 2 B9 36 794*

Davis Besse 2 CP17 27 906 Dresden 3 B10 36 794
Davis Besse 3 CP18 27 906 Farley 1 P10 23 -256 929
Diablo Canyon 1 CP19 29 -371 1,084 F9rley 2 CP21 23 829
Diablo Canyon 2 CP20 29 1,106 Hatch 1 B13 28 -735 717
Dresden 1 B8 0 -625 200 Hatch 2 B14 28 822



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
a bReactor Code Discharges Available ,b MWe Reactor Code Olscharges Available ,c M4e

1999 (Continued) 1999 (Continued)
Dresden 2 B9 36 794 LaSalle 1 CBIS 38 -99 1,078
Dresden 3 B10 36 794 LaSalle 2 CB16 38 1,078
Farley 1 F10 23 -327 829 Marble Hill 1 CP27 29 -25 1,130
Farley 2 CP21 23 829 Marble Hill 2 CP28 29 1.130
Hatch I B13 28 -847 717 McGuire 1 CP29 23 -200 1,180
Hatch 2 B14 28 822 McGuire 2 CP30 29 1,180
LaSalle 1 CBl5 38 -252 1,078 Midland 1 CP31 27 -132 492

LaSalle 2 CB16 38 1,078 Midland 2 CP32 27 887

Marble Hill 1 CP27 29 -112 1,130 Millstone 2 P19 32 -279 830

Marble Hill 2 CP28 29 1,130 Millstone 3 CP33 29 1,159 .

McGuire 1 CP29 23 -287 1,180 North Anna 1 P20 23 -165 907

McGuire 2 CP30 29 1,180 North Anna 2 CP34 23 943

Midland 1 CP31 27 -212 492 North Anna 3 CP35 22 907
,,

Midland 2 CP32 27 887 North Anna 4 CP36 22 907'

2 Millstone 2 P19 32 -366 830 Oconee 1 P22 27 -1,532 387

Millstone 3 CP33 29 1,159 Oconee 2 P23 27 887

Nine Mile Point 1 B19 106 -123 610 Oconee 3 P24 27 887

Nine Mile Point 2 CB19 33 1,080 Feach Bottom 2 B21 38 -659 1,065

North Anna 1 P20 23 -230 907 Feach Bottom 3 B22 38 1,065

North Anna 2 CP34 23 943 Prairie Island 1 P28 18 -532 530

North Anna 3 CP35 22 907 Prairie Island 2 P29 18 530

North Anna 4 CP36 22 907 Pt. Beach 1 P26 18 -161 497

Oconee 1 P22 27 -1 ,61 2 887 Pt. Beach 2 P27 18 497

Oconee 2 P23 27 887 Quad Cities 1 B24 36 -1,101 789

Oconee 3 P24 27 887 Quad Cities 2 B25 36 789

Peach Bottom 2 B21 38 -812 1,065 Salem 1 P32 29 -192 1,090

Peach Bottom 3 B22 38 1,065 Salem 2 CP40 29 1,115

Prairie Island 1 P28 18 -587 530 San Onofre 1 P33 0 -635 436

Prairie Island 2 P29 18 530 San Onofre 2 CP41 32 1,140

Pt. Beach 1 P26 18 -216 497 San Onofre 3 CP42 32 1,140

g Pt. Beach 2 P27 18 497 Sequoyah 1 CP46 29 -284 1,140

, = - Quad Cities 1 B24 36 -1,246 789 Sequoyah 2 CP45 29 1,140

b[ Quad Cities 2 B25 36 789 South Texas 1 CP47 29 -54 1,250*

Salem 2 CP40 29 1,115 St. Lucie 1 P34 32 -386 802

h* San Onofre 1 P33 0 -733 436 St. Lucie 2 CP49 32 842

C; San Onofre 2 CP41 32 1,140 Surry 1 P35 23 -709 822

%



s

Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discha rges Available ,b MWe Reactor Code Discharges Available ,c gwe

a
b

1999 (Continued) 1999 (Continued)
San Onofre 3 CP42 32 1,140 Surry 2 P36 23 322Sequoyah I CP46 29 -371 1,140 Turkey Point 3 P40 23 -859 693Sequoyah 2 CP45 29 1,140 Turkey Point 4 P41 23 693South Texas 1 CP47 29 -141 1,250 Watts Bar 1 CP60 29 -198 1,165South Texas 2 CP48 29 1,250 Watts Bar 2 CP61 29 1,165St. Lucie 1 P34 32 -484 802 Zion 1 P43 29 -391 1,040St. Lucie 2 CP49 32 842
Surry 1 P35 23 -780 822
Surry 2 P36 23 822
Susquehanna 1 CB27 38 -138 1,052
Susquehanna 2 CB28 38 1,052
Turkey Point 3 P40 23 -930 693
Turkey Point 4 P41 23 693,

L Washin9 ton Nuclear 1 CP55 31 -58 1,251
Washington Nuclear 4 CP57 31 1,267o

"
Watts Bar 1 CP60 29 -285 1,165
Watts Bar 2 CP61 29 1,165
Zion 1 P43 29 -477 1,040
Zion 2 P44 29 1,040

Total 3,392 -26,447 102,900 Total 2,951 -20,178 91,080

2000 2000

dailly 1 CB 1 22 -18 660 Big Rock Point B1 0 -49 72Big Rock Point B1 0 -49 72 Cook 2 P7 29 -229 1.100
Cook 2 P7 29 -315 1,100 Cooper B7 27 -176 778
Cooper B7 27 -285 778 Crystal River 3 P8 27 -36 825
Crystal River 3 P8 27 -115 825 Duane Arnold Bil 18 -39 533
Duane Arnold Bil 18 -113 538 Enrico Fermi 2 CB 6 38 -69 1,123
Enrico Fermi 2 CB 6 38 -222 1,123 Fitzpa trick B12 28 -249 821
Fitzpatrick B12 28 -361 821 Ft. Calhoun Pil 20 -289 457

na Forked River CP22 32 -96 1,070 Ginna P12 54 -235 490
ft. Calhoun Pil 20 -349 457 Heddam Neck P13 0 -119 575

h|
Ginna P12 :>4 -235 490 Humboldt Bay B15 0 -108 65
Haddam Neck P13 0 -119 575 Indian Point 2 P15 29 -476 873,

P* Humbcldt Bay B15 0 -108 65 Indian Point 3 P16 29 -264 873
C'. Indian Point 2 P15 29 -563 873 Kewaunee Pl7 18 0 535
Cl



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual St age
D

Reactor Code Discha rges Available ,b MWe Reactor Code Discharges Available *C MWea

2000 (Continued) 2000 (Continued)

Indian Point 3 P16 29 -351 873 Lacrosse B16 0 -21 50

Kewaunee Pl7 18 -54 535 Maine Yankee PIB 32 -479 790

Lacrosse B16 0 -21 S0 Millstone 1 B17 29 -327 660

Maine Yankee P18 32 -576 790 Monticello B18 24 -203 545

Millstone 1 B17 29 -443 660 Dyster Creek B20 0 -436 650

Monticello B18 24 -305 545 Palisades P25 31 -437 805

Oyster Creek B20 0 -436 650 Pilgrim 1 B23 29 -290 655

Palisades P25 31 -529 805 Rancho Seco P30 27 -360 918

Pilgrim 1 023 29 -406 655 Robinson 2 P31 23 -390 700

Rancho Seco P30 27 -440 918 Shoreham CB26 28 -50 854

Robinsen 2 r31 23 -461 700 Sumer 1 CP51 23 -1!5 900

Shoreham *B26 28 -162 854 Three Mile Island 1 P37 27 -311 819

Sunrer 1 CP51 23 -186 900 Three Mile bland 2 P38 27 -305 906.

Three Mile Island 1 P37 27 -391 S19 l'rojan P39 29 -345 1,130n
'

2 Three Mile Island 2 P38 27 -385 906 Verront Yankee B26 18 -184 514

Trojan P39 29 -435 1,130 Washingtor. Nuclear 2 CB29 38 -69 1,103

Vermont Yankee B26 18 -257 514 Waterforci 3 CP59 31 -121 1,267

Washington Nuclear 2 CB29 38 -222 1,10J Wolf Creek 1 CP62 29 -27 1,150

Waterford 3 CP59 31 -213 1.267 Zimmer 1 CP65 84 -506 810

Wolf Creek 1 CP62 29 -114 1,150 Arkans,as 1 P1 27 -648 850

Zimmer 1 CP65 84 -758 810 Arkansas 2 P2 27 950

Arkansas 1 P1 27 -727 850 Bea'fer Valley 1 P3 23 -97 852

Arkansas 2 P2 27 950 Beaver Valley 2 CP 1 23 852'

Beaver Valley 1 P3 23 -168 852 Bellefonte ! CP 2 31 -211 1,235

Beaver Valley 2 CP 1 23 PS2 Bellefonte 2 CP 3 31 1,235

Bellefonte 1 CP 2 31 -303 1,235 Braidwood 1 CP 4 29 -169 1,120

Bel'efonte 2 CP 3 31 1,235 Braidwood 2 CP 5 29 1,120

Braidwood 1 CP 4 29 -256 1,120 Browns Ferry 1 B2 38 -495 1,065

Braidwdod 2 CP 5 29 1,120 Browns Ferry 2 B3 33 1,065

Browns Ferry 1 B2 38 -648 1,065 Browns Ferry 3 B4 38 1,065

Browns Ferry 2 B3 38 1,065 Brunswick 1 85 28 -798 821

Browns Ferry 3 B4 38 1,065 Brunswick 2 86 28 821

It Brunswick 1 B5 28 -910 821 Byron I CP 6 29 -169 1,120

Brunswick 2 B6 28 821 Byron 2 CP 7 29 1,120

h$ Byron 1 CP 6 29 -256 1.120 Calvert Cliffs 1 P4 32 -1.004 845

b Byron 2 CP 7 29 1,120 Calvert Cliffs 2 P5 32 845*

'F'" Callaway 1 CP 8 29 -54 1,150 Catawba 1 CP10 29 -169 1,145

@ Callaway 2 CP 9 29 1,150 Catawba 2 CP11 29 1.145

Q
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Table F.9. Continued

With Full Core Reserve Without full Core Peserve

Annual Storage Annual Storage
Reactor Code Discharges Available ,b t'We Reactor Code Discharges Available c gwea b

2000 (Continued) 2000 (Continued)
Calvert Cliffs 1 P4 32 1,102 845 Comanche Peak 1 cpl 5 29 -198 1,150
Calvert Cliffs 2 P5 32 845 Comanche Peak 2 CP16 29 1,150
Catawba 1 CP10 29 -256 1,145 Davis Besse 1 P9 27 -13 906
Catawba 2 CPil 29 1,145 Davis Besse 2 cpl 7 27 906
Comanche Peak 1 CP15 29 -285 1,153 Davis Besse 3 CP18 27 906
Comanche Peak 2 cpl 6 29 1,150 Diablo Canyon 1 CP19 29 -342 1,084
Davis Besse 1 P9 27 -93 906 Diablo Canyon 2 CP2' 29 1,106
Davis Cesse 2 CP17 27 906 Dresden 1 B8 0 -552 200
Davis Besse 3 cpl 8 22 906 Dresden 2 B9 36 794
Diablo Canyon 1 cpl 9 29 -429 1,084 Dresden 3 B10 36 794
Diablo Canyon 2 CP20 29 1,106 Farley 1 P10 23 -303 829
Dresden 1 B8 0 -697 200 Farley 2 CP21 23 829
Dresc'en 2 89 36 794 Hatch 1 Bl3 28 -791 717,,

2. Drest!cn 3 B10 36 794 Hatch 2 Bl4 28 822
S Farlay 1 P10 23 -374 829 LaSalle 1 CBIS 38 -176 1,078

Farley 2 CP21 23 829 LaSalle 2 CB16 38 1,078
Grand Gulf 1 CB 7 39 -63 1,250 Marble Hill 1 CP27 29 -83 1 ,1 30

Grand Gulf 2 CB 8 39 1,250 Marble Hill 2 CP29 29 1,130
Hatch 1 B13 28 -903 717 McGuire 1 CP29 23 -252 1,180
Hatch 2 B14 23 822 McGuire 2 CP30 29 1,180
LaSalle 1 CBIS 38 -329 1,0hs Midland 1 CP31 27 -185 492
LaSalle 2 CB16 38 1,078 Midland 2 CP32 27 887
Marble Hill 1 CP27 29 -170 1,130 Millstone 2 P19 32 -341 830
Marble Hill 2 CP28 29 1,130 Millstone 3 CP33 29 1,159
McGuire 1 CP29 23 -339 1,180 Nine Mile Point 1 B19 0 -8 610

McGuire 2 CP30 29 1,180 Nine Mile Point 2 CB19 38 1,080
Midland 1 CP31 27 -265 492 North Anna 1 P20 23 -255 907

Midland 2 CP32 27 887 North Anna 2 CP34 23 943

Millstone 2 P19 32 -428 830 North Anna 3 CP15 22 907

(.* Millstone 3 CP33 29 1,159 North Anna 4 CP36 ?? 907
r" s Nine Mile Point 1 B19 0 -161 610 Oconee 1 P22 27 -1,612 887

b Nine Mile Point 2 CB19 38 1,080 Oconee 2 P23 27 887*

?" North Anna 1 P20 23 -320 907 Oconee 3 P24 27 887
f" North Anna 2 t,P34 23 943 Peach Bottom 2 B21 38 -736 1,065

C2 North Anna 3 CP35 22 907 Peach Bottom 3 B22 38 1,065

%d North Anna 4 CP36 22 907 Prairie Island 1 P20 18 -568 530

Oconee 1 P22 27 -1,692 887 Prairie Island 2 P29 18 530



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve

Annual Storage Annual Storage
b

Reactor Code Discharge - Available ,b MWe Reactor Code Discharges Available ,c gg,a
.

2000 (Continued) 2000 (Continued)
Oconee 2 P23 27 887 Pt. Beach 1 P26 54 -234 497

Oconee 3 P24 27 887 Pt. Beach 2 P27 18 497

Peac5 Bottom 2 B21 38 -888 1,065 Quad Cities 1 B24 36 -1,174 789

Peach Botton 3 B22 38 1,065 Quad Cities 2 B25 36 789

Prairie Island 1 P28 18 -623 530 Salem 1 P32 29 -249 1,090
Prairie Island 2 P29 18 530 Salem 2 CP40 29 1,115

Pt. Beach 1 P26 54 -288 497 San Onofre 1 P33 0 -700 436

Pt. Beach 2 P27 18 497 San Onofre 2 CP41 32 1,140

Quad Cities 1 B24 36 -1,318 789 San Onofre 3 CP42 32 1,140

Quad Cities 2 E25 36 789 Sequoyah 1 CP46 29 -342 1,140

Salem 1 P32 29 -336 1.090 Sequoyah 2 CP45 29 1,140

Salem 2 CP40 29 1,115 South Texas 1 CP47 29 -112 1,250

San Onofre 1 P33 0 -797 436 South Texas 2 CP43 29 1,250

7 San Onofre 2 CP41 32 1,140 St Lutie 1 P34 32 -451 802

N San Onofre 3 CP42 32 1,740 St Lucie 2 CP49 32 842

Seabrook 1 CP43 29 -54 1.194 Surry 1 P35 23 -756 822*

Sembrook 2 CP44 29 I,194 Surry 2 P36 23 8??

Sequoyah 1 CP46 29 -429 1,140 Susquehanna 1 CB27 38 -61 1,052

Sequoyah 2 C P45 29 1,140 Susquehanna 2 CB28 38 1,052

South Texas 1 CP47 29 -198 1,250 Turkey Point 3 P40 23 -906 693

South Texas 2 CP48 29 1,250 Turkey Point 4 P41 23 693

St Lucie 1 P34 32 -549 802 Washington Nuclear 1 CP55 31 -27 1,251

St Lucie 2 CP49 32 842 Washington Nuclear 4 CP57 31 1,267

Sorry 1 P35 23 -827 822 Watts Bar 1 CP60 29 -256 1,165

Surry 2 P33 23 822 Watts Bar 2 CP61 29 1,165

Susquehanna 1 CB27 38 -214 1,052 Zion 1 P43 23 -448 1,040

Susquehanna 2 CB28 38 1.052 Zion 2 P44 29 1,040

C. Turkey Point 3 P40 23 -977 693

e1 Turkey Point 4 P41 23 693

)( Washington Nuclear 1 CP55 31 -119 1,251

Washington Nuclear 4 C857 31 1,267*
.*P Washington Nuclear 3 CP56 36 -33 1,242

@ Washinoton Nuclear 5 CPSS 36 1,242

Q Watts Bar 1 CP60 29 -342 1,165

Watts Bar 2 CP61 29 1,165

Zion 1 P43 29 -535 l.040



Table F.9. Continued

With Full Core Reserve Without Full Core Reserve
Annual Storage Annual StorageReactor Code Discharges Available ,b fNe Recctor Code Discharges Available ,c py,

a b
_

203 (Continued) 2000 (Continued)
Zion 2 P44 29 1.040

Total 3,520 -29,847 111,900 Total 3.200 -23,212 100,435

"The negative numbers in this column indicate that away-from-reactor storage in & arunt shown will be required if full-core
r.eserve is to be maintained,

b
In February 1979 application was filed requesting storage capacity expansion of the Oconee Units 1 and 2 reactor basin by

186 MTHM. Authorization was granted in June 1979. In April 1979 application was filed requesting capacity expansion of the Big Rock
Point reactor basin by 50 MTHM. In July 1979 application was filed requesting capacity expansions of Hatch 1 and Hatch 2 reactor
basins by a total of 813 MTHM. The shortfalls of storage capacity shown in this table do not reflect the additional capacity that

7 would result from those expansions,

k The negative numbers in this column indicate that all at-reactor spent fuel storage capacity has been used, and away-from-
#

reactor storage in the amount shown will be required for continuation of operation of the reactors at the site.
d
0 discharge means that all of the reactors for that utility are shut down due to age. .

.

CC
C
CO
i>*
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APPENDIX G

CHARACTERISTICS OF NUCLEAR FUEL

1.0 INTRODUCTION

Section 2.1 of Volume l provides a general description of fuel used in light water nuclear
reactors designed for cowercial generaticn of electricity. As indicated in that section,
this appendix contains more detailed information, including tabular material and illus-
trations dealing with the general description of the fuel (Tables G.1 through G.4 and
Figures G.1 through G.3) and detailed information concerning the characteristics of spent
nuclear fuel (Section 2.0 of this appendix Tables G.5 through G.13 and Figure G.4).

The information presented herein is included to provide a more complete picture of nuclear
fuel, but is not deemed essential to an understanding of the major issues addressed in this
Statement.

2.0 CHARACTERISTICS OF SPENT FUEL

2.1 Composition

The characteristics of spent fuel, for this discussion, as listed in Tables G.5 through G.13
are based on operation of a typical large PWR with fuel exposed to 33,000 megawatt-days
thermal per metric ton of uranium (MWD /MTU) at a specific power of 37.5 megawatts per
metrfc ton (MW/MTU). Composition of BWR spent fuel would be similar, but its fresh-fuel
235U content wouid te from 1 to 10% lower. The values shawn in Tables G.5 through G.13
represent anticipated maximum burnup cf 33,000 MWD /MTU at a plant capacity factor of 80%

with operation over a period of three years.

The composition data were extracted from a 4 May 1978 output of the ORIGEN computer code at
the Oak Ridge National Laboratory.*

2.1.1 Fission Products

During its service in a reactor, nuclear fuel undergoes fission. A portion of the initial
uranium and some of the plutonium generated in situ is fragmented or fissioned, with a
release of heat and the production of fragmer.ts, or fission prcducts. These fission
products consist of two groups of elements: one group has atomic weights somewhat less than
half that of uranium; the other group has atomic weights somewhat more than half that of
uranium. Some of these fission product elements are stable and indistinguishable fron.

*0RIGEN-Oak Ridge National Laboratory model for spent fuel.
g. ,y g
U O U.li.g ,(L
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elements found in nature, while some are unstable (radioactive) and seek a stable state by
radioactive decay. A measure of their instability is the half-life of each radionuclide.
These half-lives vary from a small fraction of a second to millions of years. Specific
activity, a function of decay time, and biological effects of the emitted radiation are the
predominant factors in evaluating the human risk of exposure to the radioactive constituents
in spent fuels.

Table G.5 lists the fission product radionuclides present in spent fuel in concentrations
that produce more than 0.001 curie per metric ton of uranium contained in the spent fuel
after a decay time of 120 days following reactor shutdown (the decay time normally stipu-
lated as a minimum for storage prior to spent fuel reprccessing). This table characterizes
each nuclide by its half-life, mode of decay, specific activity, energy (MEV) of the princ1-
pal modes of deca), and the primary daughter element produced by radioactive decay.
Table G.6 is a tabulation of the radioactivity generated by these nuclides as a function of
decay time. The times were chosen to represent the conditions at reactor shutdown (dis-
charge), short storage times (30 and 120 days), at one year, and after 10 and 20 years to
show decay characteristics of individual nuclides over a relativcly long time period in
storage. Table G.7 shows the quantities of these same radionuclides in units of grams per
metric ton of uranium in the fuels, again as a function of decay times over a range of 0 to
7300 days.

2.1.2 Transuranics

During its service in a reactor a portion of the uranium present also undergoes nuclear
transmutation by the absorption of neutrons. Elements formed from uranium, or from further
transmutation of uranium absorption products, constitute a group of heavy nuclides known as
transuranics.

Table G.8 lists the transuranics and their cLracteristics present in spent fuels in con-
centrations which produce more than 0.001 curie per metric ton of uranium in the fuel after

a decay time of 120 days following reactor shutdown. :re nuclides are characterized in the
same manner as shown in Table G.5. Similarly, Tables C , and G.10 show the radioactivity
and grams of the transuranics per metric ton of uranium, respectively.

2.1.3 Light Elements and Materials of Construction

lne mt tallic structural components of reactor fuls alsd undergo transmutation while in
service in a reactor. Table G.ll identifies those radionuclides from this source present in
concentrations which r roduce more *.han 0.001 curie per metric ton of uranium in the spent
fuel after 120 days following reactor shutdown. The contribution to total radioactivity of
the fuel assembly from this source is minor, being at least two orders of magnitude less
than that of the fissior, produds in the fuel.

& '

G-2



2.2 Heat Generation

Radioactive decay is a mechanism by which an unstable nuclide reaches a more stable energy
state by the ejection of alpha and beta or beta particles from its nucleus and the release
of energy in the form of gamma rays. The ejection and absorption by matter of such particles
and energy rays produce heat. The radionuclides present in spent fuel produce heat in the
fuel by this mechanism. The rate of heat generation reflects the total radioactive decay
processes going on at any specific time after reactor shutdown and is a complex function of
the quantities of radionuclides present and their decay rates. Figure G.4 is a plot of heat
generation for spent fuel that has been exposed to 33,000 MWD /MTU of reactor operation during
three years of operation at a plant capacity factor of 80%. Heat decay rate declines from a
thermal power of about 90 KW/MTU at 10 days to 12 KW/MTU at one year, about 1.3 KW/MTU at

10 years and less than 1 KW/MTU at 20 years.

Table G.l . Babcock & Wilcox Fuel Asembly Designs

Parameter 1 2

Overall assembly length (cm) 421 421

Active fuel length (cm) 366 363

Nominal envelope (21.7 cm)2 (21.7 cm)2
Avg wt U per asserbly (kg) 465 520

Total weight per assembly (kg) 700 -

Fuel rod array 15 x 15 17 x 17

Fuel rod O. D. (cm) 1.09 0.96

Fuel rod clad material Zirc-4 Zirc-4

Si>31?:4
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Table G.2. Combustion Engineering fuel Assembly Designs

Parameter 1 2 3 4 5 6

Overall assembly length (cm) 378 425 399 464 464 449*

Active fuel length (cm) 335.3 344.7 347.2 348 381 381

Nominal env' elope (20.6 cm); (20.8 cm)2 (20.8 cm)2 (20.8 cm)2 (20.8 cm)2 (20.2 cm)2

Av5 wt U per assembly (kg) 415 375 375 375 450 485

Total weignt per assembly (kg) 615 590 570 570 650 652

Fuei rod array 15 x 15 14 = 14 14 x 14 14 x 14 14 = 14 16 x 16

Fuel rod 0. D. (cm) 1.05 1.12 1.12 1.12 1.12 0.97

Fuel rod clad material Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4
Burnable poison material BC BC 3.,C ByC - B,C

% %

*This value applies to the 16 x 16 core array used at Arkansas Nuclear 1. The later CE " System 80" plants
are currently designed with a 16 x 16 array; of the parameters listed in this table, only the overall
asser.bly length dif fers in the "Sys'.em 80" d? sign, and it is 453 cm. The weight may be greater by a small
amount, of course, with the additional assembly length.

i.
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Table G.3. Westinghouse Electric Fuel Assembly Designs I

Parameter 1 2 3 4 5 6 7 8 9

Overall assembly 283 352 352 410 410 415 418 418 410
length (cm)
Active fuel length 231 309 305 366 366 366 366 366 366
(cm)
Nominal envelope (18.2 cm)2 (21.4 cm)2 (19.7 cm)2 (21.4 cm)2 (19.7 cm)2 (21.4 cm)2 (21.4 cm)2 (21.4 cm)2 (21.4 cm)2
Avg wt U per 255 410 340 445 390 445 450 445 521
assembly (kg)

Total weight per - 600 485 650 570 650 650 640 656
assembly (kg)

.

Fuel rod array 18 x 18 15 x 15 14 x 14 15 x 15 14 x 14 15 x 15 15 x 15 15 x 15 17 x 17
Fuel rod O. O. 0.86 1.07 1.07 1.07 1.07 1.07 1.07 1.07 0.95
(cm)

Fuel rod clad SS SS SS Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4
material

$ Burnable poison - - - Boro- Borated Boro- Borated Boro- Boro-
material silicate pyrex silicate pyrex silicate silicate

glass glass glass glass

CO
C
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Table G.4. General Electric Fuel Assembly Designs

Parameter 1 2

Overall assembly length (cm) 435 435

Active fuel length (cm) 366 366

Nominal envelope (13.8 cm)2 (13.9 cm)2
Avg wt U per assembly (kg) 195 210

Total weight per assembly (kg) 310 275

Fuel rod array 7x 7 8x 8

Fuel rod O. D. (cm) 1.45 1.25
Fuel rod clad material Zirc-2 Zirc-2
Burnable poison material Gd 0 Gd 02 3 2 3

.

4
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Table G.S. Characteristics of the Fission Product Nuclides
Present in Spent Fuel for Storage

Mev - hajor
Specific Mode of Decay

Half- Mode of Activity, PrimaryNuclide Symbol Life Decay Ci/gm 8 y Daughter

Tritium H-3 12.3Y 8 9.6<103 0.019 - He-3Selenium-79 Se-79 6.5x10*Y 8 7x10-2 0.15 - Br-79Krypton-85 Kr-85 10.7Y 8,y 3.9x102 0.67 0.51 Rb-85Rubidium-86 Rb-86 18.7D 8,y 8.2x104 1.77 1.08 Sr-86Strontium-89 Sr-89 50.5D 8,y 2.8 x104 1.49 0.91 Y-89Strontium-90 Sr-90 29Y 8 1.44102 0.55 - Y-90Yttrium-90 Y-90 64H 8,y 5.4x105 2.29 1.76 Zr-90Yttrium-91 Y-91 58.6D 8,y 2.4x105 1,55 1.21 Zr-91Zi rconium-93 Zr-93 1.5x106Y 8,y 2. 6 x10- 3 0.06 0.03 Nb-93Niobium-93m Nb-93m 13.6Y e*,y 2.8x102 - 0.03 Nb-93Zirconium-95 Zr-95 65.5D 8,y 2.1x104 0.366 0.76 Nb-95Niobi um-95m Nb-95m 3.CD y 3.8x105 - 0.23 Nb-95Niobium-95 Nb-95 35. l D 8,y 3.8x104 0.16 0.77 Mo-95Technicium-99 Tc-99 2.1 105Y 8,y 1.7x10-2 0.29 0.090 Ru-99Ruthenium-103 Ru-103 39. 6 D 8,y 3.2x104 0.225 0.50 Rh-103mRhodium-103m Rh-103m 56M e,y 3.2x107 - 0.04 Rh-103Rutheni um-106 Ru-106 3690 , 3.4x103 0.039Rhodium-106 Rh-106 2.2H 6,y 1. 3 x107
- Rh-106

0.92 0.51 Pd-106Palladium-107 Pd-107 6.5x106Y 8 5=10-4 0.035 - Ag-107Silver-110m Ag-110m 252D 8,y 4. 7 x10 3 0.08 0.66 Cd-110Silver-110 Ag-110 245 8,y 4. 3 x109 2.89 0.66 Cd-ll0Silver-lli Ag-lll 7.5D 8,y 1.6x105 1.03 0.34 Cd-lllCadmium-ll3m Cd-ll3m 14.6Y 8,y 2.2x102 0.59 0.26 In-113Cadmium-ll5m Cd-ll5m 44.6D 8,y 2.5x104 1.63 0.93 In-ll5Indium-ll4m In-ll4m 500 e,y 2.3x104 - 0.56 In-114Indium-ll4 In-ll4 725 8,y 1.4x109 2.0 1.3 Sn-ll4Tin-ll7m Sn-ll7m 140 e ,y 8x104 - 0.16 Sn-117Tin-119m Sr.-119m 2450 e,y A . 5 x103 - 0.024 Sn-119Tin-121m Sn-121m 50Y 8,y 5.9x101 0.35 0.037 Sb-121Tin-123 Sn-123 129D 8,y 8.1x103 1.41 1.08 Sb-123Tellurium-123m Te-123m 120D e ,y 9=103 - 0.16 Te-123Antimony-124 Sb-124 600 8,y 1.7x104 0.61 1.69 Te-124Tin-125 Sn-125 9.7D 8,y 1.1x105 2.4 1.07 Sb-125Antimony-125 Sb-125 2.73Y 8,y 1x103 0.30 0.43 Te-125Tellurium- G m Te-125m 580 e,y 1.8x104 - 0.035 Te-125Tin-126 Sn-126 105Y 8,y 2.8x10-2 0.25 0.088 Sb-126Antimony-126m Sb-126m 19M 8,y 7.8x107 1.9 0.67 Te-126Antimony-126 Sb-126 12.4D 8,y 8.3xiO4 1.9 0.70 Te-126Tellurium-127m Te-127m 109D e,y 9. 3 x10 3 - 0.058 Te-127Tellurium-127 Te-127 9.4H 8,y 2.6x106 0.69 0.42 I-127* Tellurium-129m Te-129m 33.4D 8,y 3x104 1.6 0.70 Te-129Tellurium-129 Te-129 70M 8,y 2.1x107 1.47 0.028 1-129Iodine-129 I-129 1.6x107Y Ba 1. 7 x10-4 0.15 0.04 Xe-129Xenon-131m Xe-131m 12D e,y 8.3x104 - 0.16 Xe-131Iodine-131 I-131 8D 8,y 1.2x105 0.61 0.36 Xe-131Xenon-133 Xe-133 5.30 8,y 1.9x105 0.35 0.081 Cs-133Cesium-134 Cs-134 2Y 8,y 1.3x103 0 66 0.80 Ba-134Cesium-135 Cs-135 2.3x106Y 8 lx10-3 0.21 - Ba-135Cesium-136 Cs-136 13D 8,y 7.4x104 0.34 0.82 Ba-136Ba rium-136m Ba-136m 0.315 y 2.7x10 1 - 0.82 Ba-1361

Cesium-137 Cs-137 30.lY 8,y 8.7x101 0.51 0.66 Ba-137Barium-137m Ba-137m 2.5M y 5.5x108 - 0.66 Ba-137Barium-140 Ba-140 12.80 8,y 7.3x104 1.0 0.54 La-140Lanthanum-140 La-140 40H 8,y 5.6x105 1.36 1.60 Ce-140Cerium-141 Ce-141 32.5D 8,y 2.8x104 0.44 0.15 Pr-141Praseodymium-143 Pr-143 13.6D c,y 6.6x104 0.931 0.74 Nd-143Cerium-144 Ce-144 2840 8,y 3.2x103 0.32 0.03 Pr-144a raseodymium-144m Pr-144m 7.2M y 1.8x108 - 0.70 Pr-144Praseodymium-144 Pr-144 17.3M 8,y 7.55x107 3.0 0.70 Nd-144Neodymium-147 Nd-147 llD 8,y 84103 0.80 0.091 Pm-147Promethium-147 Pm-147 2.6Y 8,y 9.4x102 0.23 0.12 Sm-147
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Table G.S. (Continued)

Mev - Major
Specific Mode of Deca _y_

Half- Mode of Activity, Primary

Nuclide Symbol Life Decay Ci/gm s y Daughter

Promethium-148m Pm-148m 41.3D s,y 2.1x104 0.40 0.55 Sm-148

Promethium-148 Pm-148 5.40 s,y 1.6*105 2.48 0.55 Sm-148

Samarium-151 Sm-151 93Y 6,y 2.6x101 0.076 0.022 Eu-151

Europi um-152 Eu-152 13Y 8,y 1.8 102 0.69 0.34 Gd-152

Gadolinium-153 Gd-153 242D EC*,y 3.5 103 - 0.097 Eu-153

Europium-154 Eu-154 8.2Y s,y 2. 8 =102 0.58 0.12 Gd-154

Europium-155 Eu-155 4.8Y s,y 4.8=102 0.16 0.09 Gd-155

Europium-156 Eu-156 15.2D 8,y 1.6x105 0.49 0.09 Gd-156

Terbium-160 Tb-160 72.3D 8,y 1.1x10" 0.57 0.88 Dy-160

Terbi um-161 Tb-161 6.9M 6,y 1.2=105 0.51 0.026 Dy-161

*EC designates electron capture; e designates electron conversion.

D - ") 5' <
a2 tJ U. cs. 3
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Table G.6. Activities of Fission Products in Spent Fuel vs. Decay Times
(33 GWD/MTU. 80% capacity factor)

Activities (Ci/MTU charged to reactor)
Decay Time

Isotope Discharge 30 Days 120 Days 1 Year 10 Years 20 Years

H-3 5.67E+02a 5.64E+02 5.56E+02 5.36E+02 3.23E+02 1. 84 E+02
Se-79 3.82E-01 3.82E-01 3.82E-01 3.82E-01 3.82E-01 3.82E-01
Kr-85 9.56E+03 9.51E+03 9.36E+03 8.97E+03 5.02E+03 2.63E+03
Rb-86 7.41E+02 2.43E+02 8.56E+00 9. 49E-04 0.0 0.0Sr-89 9.06E+05 6.07E+05 1.83E+05 6.99E+03 6.73E-16 5.00E-37Sr-90 7.86E+04 7.85E+04 7.80E+04 7.67E+04 6.15E+04 4.80E+04
Y-90 8.23E+04 7.85E+04 7.80E+04 7.67E+04 6.15E+04 4.80E+04
Y-91 1.18E+06 8.37E+05 2.89E+05 1.59E+04 2.12E-13 3.77E-32Zr-93 2.93E+00 2.93E+00 2.93E+00 2.93E+00 2.93E+00 2.93E+00
Zr-95 1.70E+06 1.24E+06 4.77E+05 3.57E+04 2.85E-ll 4.77E-28
Nb-93m 2. 20E-01 2.41E-01 2.77E-01 3.72E-01 1.35E+00 1.98E+00
hb-95 1.66E+06 1. 56 E+06 8.41E+05 7.54E+04 6.14E-ll 1.03E-27
Nb-95m 2.05E+04 1.57E+04 6.05E+03 4.53E+02 3.61 E-13 6.06E-30
Tc-99 1.42E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01 1.43E+01
Ru-103 1. 79E +06 1.06E+06 2.19E+05 3.01E+03 3.31E-22 0.0
Ru-106 5.41E+05 5.12 E+05 4.32E+05 2.73E+05 5.70E+02 6.26E-01
Rh-103m 1. 79E+06 1.06E+06 2.20E+05 3.01E+03 3.31E-22 0.0
Rh-106 8. 71 E+05 5.12E+05 4.32E+05 2.73E+05 5.70E+02 6.26E-01
Pd-107 1. 08E-01 1. 08E-01 1.08E-01 1.08E-01 1.08E-01 1.08E-01
Ag-llo 2.16E+05 5.87E+01 4.59E+01 2.34E+01 2.78E-03 1.21E-07
Ag-110m 4.56E+03 4.20E+03 3. 28E+03 1.67E+03 1.98E-01 8.65E-06
Ag-lll 5.67E+04 3.51E+03 8.30E-01 1.11E-10 0.0 0.0Cd-ll3m 3.53E+01 3.51E+01 3.47E+01 3.36E+01 2.19E+01 1.36E+01Cd-ll5m 1. 29E+03 8.07E+02 1.99E+02 4.42E+00 2.96E-22 0.0
In-ll4 1. 34 E+01 6.06E+00 1.72E+00 5.57E-02 5.93E-22 0.0In-114m 9. 56E +00 6.28E+00 1. 78E+00 5.77E-02 6.15E-22 0.0Sn-ll7m 9. 56 E+01 2.17E+01 2.52E-01 1.36E-06 0.0 0.0
Sn-119m 9.26E+01 8. 51 E+01 6.60E+01 3.30E+01 3.03E-03 9.95E-08
Sn-121m 1. 66 E-01 1.66E-01 1.65E-01 1.64E-01 1.45E-01 1.26E-01
Sn-123 4. 86E+03 4.14E+03 2.55E+03 6.84E+02 1.49E-05 4.57E-14
Sn-125 1.14E+04 1.32E+03 2. 06 E+00 4.69E-08 0.0 0.0
Sn-126 5.67E-01 5.67E-01 5.67E-01 5.67E-01 5.67E-01 5.67E-01
Sb-124 4.19E+02 2.97E+02 1.05E+02 6.27E+00 2.34E-16 1.31E-34
Sb-125 9.81E+03 9.70E+03 9.13 E+03 7.70E+03 7.85E+02 6.20E+01Sb-126 7. 50E +02 1.40E+02 9.93E-01 7.94E-02 7.93E-02 7.93E-02
Sb-126m 6.16E+02 5.67E-01 5.67E-01 5.67E-01 5.67E-01 5.6 7E-01
Te-123m 6. 27E-01 5.27E-01 3.13E-01 7.58E-02 4.15E-10 2.73E-19
Te-125m 2.00E+03 2.0dE+03 2.13E +03 1.87E+03 1.92E+02 1. 51 E+01Te-127 1.J6E+05 1. 34 E+04 7.31E+03 1.54E+03 1.30E-06 1.09E-16
Te-127m 1. 54 E+04 1.32E+04 7.47E+03 1.57E+03 1.33E-06 1. l l E-16Te-129 3.43E+05 3.20E+04 4.94E+03 3.06E+01 7.61E-29 0.0
Te-129m 9. 34E+04 5.04E+04 7.78E+03 4.82E+01 1.20E-28 0.0I-129 3.27E-02 3.30E-02 3.32E-02 3.33E-02 3.33E-02 3.33E-02I-131 1. 06 E+06 8.27E+04 3.54E+01 2. 38E-08 0.0 0.0
Xe-131m 7.50E+03 2. 90E+03 2.20E+01 1.59E-05 0.0 0.0
Xe-133 2.05E+06 5.46E+04 4.14E-01 4. 74 E-15 0.0 0.0
Cs-134 3.15E+05 3.06E+05 2.82E+05 2.25E+05 1.09E+04 3.78E+02Cs-135 3. 68E-01 3.69E-01 3.69E-01 3.69E-01 3.69E-01 3.69E-01
Cs-136 8.26E+04 1.67E+04 1.37E+02 2.91E-04 0.0 0.0
Cs-137 1.09E+05 4. IE+05 1.08E+05 1.06E+05 8.66E+04 6.88E+04
Ba-136m 1.32E+04 2. 'E+03 2.20E+01 4.65E-05 0.0 0.0
Ba-137m 1.03E+05 1.LJE+05 1.02E+05 1.01E+05 8.19 E+04 6.51E+04
Ba-140 1.83E+06 3.61E+05 2.75E+03 4.70E-03 0.0 0.0
La-140 1. 95E+06 4.16E+05 3.16E+03 5.41E-03 0.0 0.0
Ce-141 1.74E+06 9.22E+05 1.35E+05 7.33E+02 2.95E-28 0.0
Ce-144 1.18E+06 1.10E+06 8.82E+05 4.85E+05 1.62E+02 2.21E-02
Pr-143 1. 53E+06 3.69E+05 3.73E+03 1.38E-02 0.0 0.0
Pr-144 .l.20E+06 1.10E+06 8.82E+05 4.85E+05 1.62E+02 2.21E-02
Pr-144m 1.42E+04 1.32E+04 1.06E+04 5.82E+03 1.94E+00 2.65E-04Nd-147 7.43E+05 1.12E+05 3.84E+02 7,46E-05 0.0 0.0Pm-147 8.75E+04 9.28E+04 8.82E+04 7.38E+04 6.86E+03 4.89E+02Pm-148 2.20E+05 6.21E+03 3. 76E+02 6.14E+00 7.00E-24 0.0Pm-148m 4.08E+04 2.46E+04 5.44E+03 8.90E+01 1.01E-22 0.0

G-12
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Table G.6. (Continued)

Activities (Ci/MTU charged to reactor)
Decay Time

Isotope Discha rge 30 Days 120 Days 1 Year 10 Years 20 Years

Sm-151 1.16E+03 1.16E+03 1.16E+03 1.15E+03 1.08E+03 1.00E+03

Eu-152 1.06E+01 1.06E+01 1.04E+01 1.01E+0i 6.23E+00 3.66E+00

Eu-154 1.51E+04 1.50E+04 1.47E+04 1.40E+04 6.76E+03 3.02E+03

Eu-155 3.18E+03 3.14E+03 3.03E+03 2.75E+03 7.50E+02 1.77E+02

Eu-156 2.91E+05 7.42E+04 1.22E+03 1.72E-02 0.0 0.0

Gd-153 2.87E+01 2.63E+01 2.03E+01 1.00E+01 7.84E-04 2.14E-08

Tb-160 1.74E+03 1. 31 E+03 5. 51 E+02 5.26E+01 1.11E-12 7.04E-28

Tb-161 9.86E+02 4.88E+01 5. 96 E-03 1. 31 E-13 0.0 0.0

TOTAL 1.80E+08 1.30E+07 5.84E+06 2.37E+06 3.26E+05 2.38E+05

Exponent Notation: 5.67E+02 = 5.67 x 10+2#

Nkst3 .ba
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Table G.7. Quantities of Fission Products in Spent Fuel vs. Decay Times
(33 GWD/MTV, 80% capacity factor)

_ (Nantities (q/MTU charged to reactor)
Decay Time

Isotope Di scha rge 30 Days 120 Days 1 Year 10' Years 20 Years

H-3 5.85E-02a 5.82E-02 5.74E-02 5.53E-02 3.33E-02 1.90E-02Se-79 5.48E+00 5.48E+00 5.48E+00 5.48E+00 5.48E+00 5.48E+00Kr-85 2.44E+01 2.43E+01 2.39E+01 2.29E+01 1.28E+01 6.71E+00
Rb-86 9.10E-03 2.98E-03 1.05E-04 1.16E-08 0.0 0.0Sr-89 3. 21 E+01 2.15E+01 6.48E+00 2.48E-01 2.39E-20 1.77E-41Sr-90 5.56E+02 5.55E+02 5.52E+02 5.42E+02 4.35E+02 3.40E+02
Y- 90 1. 51 E-01 1.44E-01 1.44E-01 1.41 E-01 1.13E-01 8.84E-02
Y-91 4.84E+01 3.42E+01 1.18E+01 6.49E-01 8.66E-18 1.54E-36Zr-93 7.23E+02 7.23E+02 7.23E+02 7.23E+02 7.23E+02 7.23E+02
Zr-95 8.08E+01 5.89E+01 2.27E+01 1.70E+00 1.36E-15 2.27E-32
Nb-93m 7.13E- 04 7. 51 E-04 8.63E-04 1.16E-03 4. 21 E-03 6.17E-03
Nb-95 4.25E+01 3.98E+01 2.15E+01 1.92E+00 1.57E-15 2.63E-32
Nb-95m 5.38E-02 4.12E-02 1.59E-02 1.19E-03 9.49E-19 1.59E-35
Tc-99 8.35E+02 8.39E+02 8.39E+02 8.39E+02 8.39E+02 8.39E+02
Pu-103 5.60E+01 3. 31 E+01 6.85E+00 9.40E-02 1.03E-26 0.0
Ru-106 1.62E+02 1.53E+02 1.29E+02 R.17E+01 1.71E-01 1.87E-04
Rh-103m 5. 50E-02 3. 26 E-02 6.74E-03 9. 24 E-05 1.02E-29 0.0
Rh-106 2. 45E-04 1.44 E-04 1.21E-04 7.66E-05 1.60E-07 1.76E '^Pd-107 2.10E+02 2.10E+02 2.10E+02 2.10E+02 2.10E+02 2.10E+uiAg-i10 5.18E-05 1.41E-08 1.10E-08 5.60E-09 6.66E-13 2.90E-17Ag-llom 9. 67E-01 8.90E-01 6.95E-01 3.54E-01 4.21E-05 1.83E-09Ag-111 3. 60E-01 2.23E-02 5.27E-06 7.05 E- 16 0.0 0.0
Cd-ll3m 1.63E-01 1.62E-01 1.60E-01 1. 55 E-01 1.01E-01 6.29E-02C1-ll5m 5.05E-02 3.17 E-02 7.82E-03 1.74E-04 1.16 E-26 0.0
In-ll4 9.73E-09 4.40E-09 1.25E-09 4.05E-|1 4.31E-31 0.0In-ll4m 4.13E-D4 2.71E-04 7.70E-05 2.49E-06 2.66E-26 0.0
Sn-117m 1.20E-03 2. 72 E-04 3.16E-06 1.71E-ll 0.0 0.0
Sn-119m 2.07E-02 1. 90 E-02 1.47E-02 7.36E-03 6.77E-07 2.22E-ll
Sn-121m 2.81E-03 2.80E-03 2.79E-03 2.77E-03 2.44E-03 2.13E-02
Sn-123 5. 90E-01 5.02E-01 3.10E-01 8. 31 E-02 1.81E-09 5. 55 E-18
Sn-125 1. 05 E-01 1.22E-02 1.90E-05 4.33E-13 0.0 0.0
Sn-126 2.00E+01 2.00E+01 2.00E+01 2.00E+01 2.00E+01 2.00E+01Sb-124 2.39E-02 1.70E-02 6.01E-03 3.58E-04 1.84E-20 7.47E-39
Sb-125 9.36E+00 9.26E+00 8. 71 E+00 7.34E+00 7.49E-01 5.92E-02
Sb-126 8.97E-03 1.68E-03 1.19E-05 9.49E-07 9.49E-07 9.49E-07
Sb-126m 7.83E-06 7.21E-09 7.21E-09 7.21E-09 7.21E-09 7.21E-09
Te-173m 7.07E-05 5.94E-05 3.53E-05 8.54E-06 4.67E-14 3.08E-23Te-129.. 1. l l E-01 1.15E-01 1.18E-01 1.04E-01 1.06E-02 8.41E-04
Te-127 4. 03E-02 5.07E-03 2.77E-03 5.83E-04 4.94E-13 4.llE-23
Te-127m 1.63E+00 1.40E+00 7. 91 E-01 1.67E-01 1.41E-10 1.17E-20
Te-129 1.6EE-02 1.53E-03 2.37E-04 1.47E-06 3.65E-36 0.0
Te-129m 3.08E+00 1.E6E+00 2.57E 01 1.59E-03 3.95E-33 0.0I-120 1.88E+02 1.89E+02 1.90E+02 1.91E+02 1. 91 E+02 1.91E+02I-131 8.58E+00 6. 67E-01 2.85E-04 1.92E-13 0.0 0.0
Xe-131m 9.02E-02 3.49E-02 2.64E-04 1. 91 E-10 0.0 0.0
Xe-133 1.10E +01 2. 94 E-01 2.23E-06 2.55E-20 0.0 0.0
Cs-134 2.43E+02 2.36E+02 2.18E+02 1.742+02 8.42E+00 2.92E-01
Cs-135 3.20E402 3.20E+02 3.20E+02 3.20E+02 3.20E+02 3.20E+02
Cs-136 1.12E+00 2. 26 E-01 1.86E-03 3.93E-09 0.0 0.0
Cs-137 1.26E+03 1.25E+03 1.25E+03 1.23E+03 9.98E+02 7.93E+02
Ba-136m 4.90E-08 9.90E-09 8.15E-ll 1.73E-16 0.0 0.0
8a-137m 1. 92E-04 1. 91 E-04 1.90E-04 1.87E-04 1.52E-04 1.21E-04
Ba-140 2.52E+01 4.95E+00 3.77E-02 6.45E-08 0.0 0.0
La-140 3. 51 E +00 7.47E-01 5.68E-03 9.72E-09 0.0 0.0
Ce-141 6.10E+01 3.24E+01 4.76E+00 2.57E-02 1.04E-32 0.0
Ce-144 3.70E+02 3.44E+02 2.76E+02 1.52E+02 5.06E-02 6.93E-06
Pr-143 2. 27E +01 5.48E+00 5.54E-02 2.05E-07 0.0 0.0Pr-144 1. 58E-02 1. 45 E-02 1.17E-02 6.42E-03 2.14E-06 2.93E-10
Pr-144m 7.82E-05 7.26E-05 5.83E-05 3.21E-05 1.07E-08 1.46E-12
Nd-147 9.18E+00 1.39E+00 4.75E-03 9.23E-10 0.0 0.0
Pm-147 9. 44E +01 1.00c+02 9.51E+01 7. 96 E+01 7.39E+00 5.27E-01Pm-148 1. 34 E+00 3.78E-02 2.29E-03 3.74E-05 4.26E-29 0.0
Pm-148m 1. 91 E+00 1.15E+00 2.55E-Ul 4.17E-03 4.75E-27 0.0
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Table G.7. (Continued)

Quantities (g/MTU charged to reactor)
Decay Tine

Isotope Discha rge 30 Days 120 Days 1 Year 10 Years 20 Years

Sm-151 4.53E+01 4. 56 E+01 4.55E+01 4.53E+01 4.23E+01 3.93E+01

Eu-152 5.86E-02 5.84E-02 5.76E-02 5.56E-02 3.44E-02 2.02E-02

Eu-154 5.60E+01 5.57E+01 5.46E+01 5.17E+01 2.50E+01 1.12E+01

Eu-155 6.60E+00 6.52E+00 6.30E+00 5.72E+00 1.56E+00 3.68E-01

Eu-156 5.28E+00 1.35E+00 2.22E-02 3.11 E-07 0.0 0.0
Gd-153 8.10E-03 7.43E-03 5.73E-03 2.83E-93 2.21E-07 6.03E-12

Tb-160 1. 54 E-01 1.16E-01 4. 88 E-02 4.66E-03 9.81E-17 6.24E-32

Tb-161 8.41E-03 4.17E- 04 5.08E-08 1.12E-18 0.0 0.0

TOTAL 3.49E+04 3.49E+04 3.49E+04 3.49E+04 3.49E+04 3.49E+04

dExponent Notation: 5.85E-02 = 5.85 x 10-2

% 3180
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Table G 8. Characteristics of the Actinides and their Daughter
Elements Present in Spent Fuel for Storage

,

Mev - Major
Mode Specific Mode of Decay

Half- of Activi ty, Prima ryNuclide Symbol Li fe Decay Ci/gm a 8 y Dau9hter
Thallium-208 T1-208 3M 8,y 3=108 - 1.795 2.61 Pb-208Lead-212 Pb-212 10. 64 H 8,y 1.4x106 - 0.33 0.239 Bi-212Bi smuth-212 Bi-212 60rt 8,y 1. 5 x107 - 2.25 0.727 Po-212Polonium-212 Po-212 455 a,y 1.2x109 11.7 - 2.61 Pb-208Polonium-216 Po-216 0.15S a 3.5 1011 6.77 - - Pb-212Radon-220 Rn-220 555 a,y 9. 3 x10 8 6.28 - 0.55 Po-216Radium-224 Ra-224 3. 6D a,y 1.6x105 5.69 - 0.24 Rn-220Thori um-228 Th-228 1.9Y a.y 8. 3 x102 5.42 - 0.08 Ra-224Thori um-231 Th-231 25H 8,y 5.4 x10 5 - 0.303 0.084 Pa-231Thori um-234 Th-234 24D 8,y 2. 3 x 10'* - 0.193 0.069 Pa-234Protactinium-233 Pa-233 27D 8,y 2.1 x10" - 0.26 0.31 U-233Protactinium-234m Pa-234m 1.17M 8,y 6. 8 x10 8 - 2.29 1.00 U-234Protactinium-234 Pa-234 6.7H 8,y 2.0x106 - 0.49 0.044 U-234Uranium-232 U-232 72Y a,y 2.1x101 5.32 - 0.058 Th-228Ura nium-233 U-233 1. 6 x10 5Y a,y 9. 6 x10- 3 4.8 - 0.042 Th-229Uranium-234 U-234 2.4x105Y a,y 6.4 x10- 3 4.8 - 0.05 Th-230Uranium-235 U-235 7.0 10eY a,y 2.2x10-6 4.4 - 0.19 Th-231Uraniun-236 U-236 2.34x10 Y7 a,y 6. 5 x10- 5 4.5 - 0.05 Th-272
Ura ni um-237 U-23; 6.8D B,y 8.1 x 10'' - 0.24 0.060 Np-237
Ura ni um-238 U-238 4.47 x10 9Y u,y 3.3x10-7 4.2 - 0.048 Th-234Neptunium-237 Np-237 2.14 x106Y a,y 7.1x10-4 4.8 - 0.029 Pa-233Neptunium-239 Np-239 2.35D 8,y 2. 3 x10 5 - 0.33 0.28 Pa-239Plu tonium-236 Pu-236 2.85Y a,y 5.3x102 5.8 - 0.048 U-232Plu tonium-238 Pu-238 87.8Y a,y 1.7x101 5.5 - 0.043 U-234Plutonium-239 Pu-239 2.4x10"Y u,y 6.2x10': 5.2 - 0.052 U-235
Pl u tonium-240 Pu-240 6.54x103Y a,y 2.3=10-1 5.2 - 0.045 U-236
Pl u tonium-241 Pu-241 15Y a,8,y 9.9x101 4.9 0.02 0.15 Am-241,

U-237Pluto nium-242 Pu-242 3.76 105Y 2,y 3.9xlC-' 4.9 - 0.045 U-238Americium-241 Am-241 433Y a,y 3.4 5.5 - 0.06 Np-237
Americium-242m Am-242m 152Y a,y 9.7 5.2 - 0.049 Np-238
Americium-242 Am-242 16H 8,y 8.l=105 - 0.63 0.042 Cm-242
Americium-243 Am-243 7. 37 x103Y a,y 2.0x10-1 5.3 - 0.075 Np-239
Curium-242 Cm-242 163D a,y 3.3x103 6.1 - 0.044 Pu-238Lurium-243 Cm-243 28Y o,y 5.3x101 5.8 - 0.28 Pu-239
Curi um-244 Cm-244 17.9Y a,y 8.2x101 5.8 - 0.043 Pu-240
Curium-245 Cm-245 8.5x10 Y 2,y 1.7x10-1 5.4 - 0.17 Pu-2413

Curium-246 Cm-246 4. 7 x10 3Y a 3.1x10-1 5.4 - - Pu-242
Berkelium-249 Ek-249 320D a,8,y 1. 6 x103 5.4 0.12 0.33 Cf-249

G-16
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Table G.9. Activities of Transuranic Nuclides in Spent Fuel vs. Decay Times
(33 GhD/MTU, 80t capacity factor)

Activities Ci/MTU charged to reactor

Decay Time

Isotope Discharge 30 Days 120 Days 1 Year 10 Years 20 Years

T1-208 1.45E-03 1.62E-03 2.28E-03 4.54E-03 3.48E-02 3.85E-02a

Pb-212 4.02E-03 4.49E-03 6.34E-03 1.26E-02 9.66E-02 1.07E-01

Bi-212 4.02E-03 4.49E-03 6.34E-03 1.26E-02 9.66E-02 1.07E-01

Po-212 2.57E-03 2.88E-03 4.05E-03 8.07E-03 6.18E-02 6.84E-02

Po-216 4.02E-03 4.49E-03 6.34E-03 1.26E-02 9.66E-02 1.07E-01

Rn-220 4.02E-03 4.49E-03 6.34E-03 1.26E-02 9.66E-02 1.07E-01

Ra-224 4.02E-03 4.49E-03 6.34E-03 1.26E-02 9.66E-02 1.07E-01

Th-228 4.09E-03 4.58E-03 6.31E-03 1.26E-02 9.65E-02 1.07E-01

Th-231 1.14E+00 1.90E-02 1.90E-02 1.90E-02 1.90E-02 1.90E-02

Th-234 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01

Pa-233 3.98E-01 4.14E-01 4.31E-01 4.33E-01 4.37E-01 4.45E-01

Pa-234m 3.26E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01

U-232 1.97E-02 2.18E-02 2.77E-02 4.20E-02 1.07E-01 1.05E-01

U-234 9.58E-01 9.59E-01 9.61E-01 9.67E-01 1.05E+00 1.14E+00

U-235 1.90E-02 1.90E-02 1.90E-02 1.90E-02 1.90E-02 1.90E-02

U-236 2.48E-01 2.48E-01 2.48E-01 2.48E-01 2.48E-01 2.48E-01

U-237 1.24E+06 5.70E+04 9.23E+00 3.58E+00 2.33E+00 1.45E+00

U-238 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01 3.14E-01
Np-237 4.22E-01 4.32E-01 4.33E-01 4.33E-01 4.31E-01 4.45E-01
Np-239 2.35E+07 3.43E+03 2.03E+01 2.03E+01 2.03E+01 2.03E+01

Pu236 2.64E+00 2.60E+00 2.45E+00 2. 08E+00 2.33E-01 2.05E-02

Pu-238 3.16E+03 3.22E+03 3.29E+03 3.37E+03 3.19E+03 2.96E+03

Pu-239 3.68E+02 3.75E+02 3.75E+02 3.75E+02 3.75E+02 3.75E+02

Pu-240 4.63E+02 4. 63E-: 02 4.63E+02 4.63E+02 4.64E+0E 4.65E+02

Pu-241 1.56E+05 1.56E+05 1.54E+05 1.49E+05 9.71E+04 6.04E+04

Pu-242 1.85E+00 1.85E+00 1.85E+00 1.85E+00 1.85E+00 1.85E+0V

Am-241 1.38E+02 1.59E+02 2.20E+02 3.82E+02 2.11E+03 3.30E+03

Am-242m 1.37E+01 1.37E+01 1.36E+01 1.36E+01 1.31E+01 1.25E+01

Am-242 9.77E+04 1.37E+01 1.36E+01 1.36E+01 1. 31 E+01 1.25E+01

Am-243 2.03E+01 2.03E+01 2.03E+01 2.03E+01 2.03E+01 2.03E+01

Cm-242 5.13E+04 4.54E+04 3.10E+04 1.09E+04 1.07E+01 1.02E+01

Cm-243 4.87E+00 4.86E+00 4.83E+00 4.76E+00 3.92E+00 3.16E+00

Cm-244 2.27E+03 2.26E+03 2.24E+03 2.18E+03 1.55E+03 1.06E+03

Cm-245 2.17E-01 2.17E-01 2.17E-01 2.17E-01 2.17E-01 2.17E-01

Cm-246 4.26E-02 4.26E-02 4.26E-02 4.26E-02 4.25E-02 4.25E-02
Bk-249 4.80E-03 4.50E-03 3.69E-03 2.15E-03 1.52E-06 4.82E-10

TOTAL 2.51E+07 2.68E+05 1.91E+05 1.67E+05 1.05E+05 6.87E+04

a Exponent Notation: 1.45E-03 = 1.45 x 10-3

S63167
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Table G.10. Quantities of Transuranic Nuclides in Spent Fuel vs. Decay Times,
(33 GWD/MTU, 80% capacity factor)

Quantities (q/MTU charge 1 to reactor)
Decay Time

Isotope Discharge 30 Days 120 Days 1 Year 10 Years 20 Years

T1-208 4.96E-12a 5.54E-12 7.82E-12 1.05E-ll 1.19E-10 1.32E-10Pb-212 2.88E-09 3.22E-09 4.54E-09 9. 04 E-09 6.92E-08 7.66E-08Bi-212 2.74E-10 3.07E-10 4.33E-10 8.61E-10 6.60E-09 7.30E-09Po-212 1.45E-20 1.62E-20 2.28E-20 4.55E-20 3.48E-19 3.85E-19Po-216 1.15E-14 1.29E-14 1.82E-14 3.62E-14 2.77E-13 3.07E-13Rn-220 4.38E-12 4.90E-12 6.92E-12 1.38E-ll 1.05E-10 1.17E-10
Ra-224 2. 51 E-08 2.80E- 08 3.95E-08 7.87E-08 6.03E-07 6.67E-07Th-228 4.98E-06 5.58E-06 7.68E-06 1.53E-05 1.lGE-04 1.30E-04
Th-231 2.14E-06 3. 59E- 08 3.59E-08 3.59E-08 3.59E-08 3.59E-08
Tn-234 1.36E-05 1.35E-05 1.35E-05 1.35E-05 1.35E-05 1.35E-05
Pa-233 1.93E-05 2.02E-05 2.llE-05 2.llE-05 2.13E-05 2.18E-05
Pa-234m 4.75E-10 4.57E-10 4.56E-10 4.57E-10 4.56E-10 4.56E-10
Pa-234 6.05E-09 1.58E-10 1.58E-10 1.58E-10 1.58E-10 1.58E-10
U-232 9.19E-04 1.02E-03 1.29E-03 1.96E-03 5.02E-03 4.93E-03
U-234 1.55E+02 1.55E+02 1.55E+02 1.56E+02 1.70E+02 1.84E+02U-235 8.88E+03 8.88E+03 8.88E+03 8.88E+03 8.88E+03 8.88E+03
U-236 3.91E+03 3.91E+03 3.91E+03 3.91E+03 3.91E+03 3.92E+03
U-237 1.52E+01 6.98E-01 1.13E-04 4.38E-05 2.86E-05 1.78E-05
U-238 9.41E+05 9.41E+05 9.41E+05 9.41E+05 9.41E+05 9.41E+05Np-237 5.98E+02 6.13E+02 6.14E+02 6.14E+02 6.19E+02 6.32E+02Np-239 1.01E+02 1.48E-02 8.72E-05 8.72E-05 8.72E-05 8.71E-05
Pu-236 4.96E-03 4.88E-03 4.60E-03 3.91E-03 4.38E-04 3.86E-05Pu-238 1.87E+02 1. 91 E +02 1.95E+02 2.00E+02 1.89E+02 1.75E+02Pu-239 6.01E+03 6.llE+03 6.llE+03 6.llE+03 6.llE+03 6.llE+03Pu-240 2.10E+03 2.10E+03 2.10E+03 2.10E+03 2.llE+03 2.llE+03
Pu-241 1.54E+03 1.53E+03 1.51E+03 1.46E+03 9.56E+02 5.95E+02
Pu-242 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02 4.75E+02
Am-241 4.03E+01 4.63E+01 6.41E+01 1.llE+02 6.15E+02 9.63E+02
Am-242m 1.41E+00 1.40E+00 1.40E+00 1.40E+00 1.34E+00 1.28E+00
Am-242 1.21E-01 1.69E-05 1.69E-05 1.68E-05 1.61E-05 1.54E-05
Am-243 1.05E+02 1.35E+02 1.05E+02 1.05E+02 1.05E+02 1.055+02
Cm-242 1.55E+01 1.37E+01 9.36E+00 3.30E+00 3.24E-03 3.ovE-03
Cm-243 1.06E-01 1. 06E-01 1.05E-01 1.04E-01 8.52E-02 6.86E-02
Cm-244 2.80E+01 2.79E+01 2.77E+01 2.70E+01 1.91E+01 1.30E+01
Cm-245 1.23E+00 1.23E+00 1.23E+00 1.23E+00 1.23E+00 1.23E+00
Cm-246 1. 38E-01 1. 38E-01 1.38E-01 1.38E-01 1.38E-01 1.38E-01Bk-249 2.87E-06 2.69E-06 2.21E-06 1. 28E-06 9.llE-10 2.89E-13

TOTAL 9.65E+05 9.65E+05 9.65E+05 9.65E+05 9.65E+05 9.65E+05
a Exponent Notation: 4.96E-12 = 4.96 = 10-12

bb- b
G-18



Table G.ll. Characteristics of Radioactive Light Elements and Materials of
Construction Present in Spent Fuel for Storage

Mev - Major
Specific Mode of Decay

Half- Mode of Activity, Primary
Nuclide Symbol Li fe Decay C1/gm 8 y Daughter

Cal ci um-45 Ca-45 163D 8,y 1.8x104 0.257 0.012 Sc-45

Scandium-46 Sc-46 83.8D 8,y 3.4 x104 0.357 0.889 Ti-46
Chromium-51 Cr-51 27.7D EC*.y 9.2=104 - 0.32 V-51

Manganese-54 Mn-54 312D EC,y 7.7x103 - 0.835 Cr-54

Iron-55 Fe-55 2.7Y EC 2. 4 x10 3 - - Mn-55

Iron-59 Fe-59 44.6D s,y 5.0x104 0.467 1.1 Co-59

Cobalt-58 Co-58 71.3D EC,y 3.1 x104 - 0.81 Fe-58

Cobal t-60 Co-60 5.27Y s,y 1.1 =10 3 0. 31 8 1.33 Ni-60
Nickel-59 Ni-59 8=104Y EC 7. 6 =10-2 - - Co-59

Nickel-63 Ni-63 100Y 8 5.6x101 0.066 - Cu-63

Strontium-89 Sr-89 50.50 8.y 2.9=104 1.49 0.909 Y-89

Strontium-90 Sr-90 29Y B 1.4=102 0.55 - Y-90

Ytt ri um-90 Y-90 64H 8,y 5.4x105 2.28 1.76 Zr-90
Yttrium-91 Y-91 58.6D 8y 2.4 10" 1.55 1.205 Zr-91
Zi rconium-93 Zr-93 1. 5 x106 Y 8,y 3 10-3 0.063 0.03 Nb-93

Zirconium-95 Zr-95 64D 8,y 2.1 104 0.37 0.76 Nb-95

Niobium-92m Nb-92m 10D EC.y 1.4x105 - 0.93 Zr-92
Niobium-93m Nb-93m 13.6Y e*,y 2.8=102 - 0.03 Nb-93

Niobium-94 Nb-94 2. 0 x10'Y By 1. 9 = 10- 1 0.47 0.87 Mo-94

Niobium-95 Nb-95 35.1D 8.y 3.9 104 0.159 0.766 Mo-95

Molybdenum-93 Mo-93 = 3 10 3Y FC,y 1.3 - 0.03 Nb-93

Technetium-99 Tc-99 2.1=10 Y 8,y 1.8 10-2 0.292 0.09 Ru-995

Tin-ll7m Sn-ll7m =14D e,y 7.9x104 - 0.159 Sn-ll7
Tin-119m Sn-119m =245D e.y 4.4=103 - 0.024 Sn-119

Tin-121 m Sn-121m =50Y 8,y 5.9=101 0.354 0.037 Sb-121

Tin-123 Sn-123 130D 8,y 8.2=103 1.42 1.09 Sb-123
Antimony-124 Sb-124 60D 8.y 1.7=10" 0.61 0.60 Te-124
Antimony-125 Sb-125 2.7Y e.y 1.1x103 0.30 0.428 Te-125

Tellurium-125m Te-125m 58D ey 1.8=10" - 0.035 Te-125

*EC designates electron capture; e designates electron conversion.

-

o F e:fhgauu.x -
G-19



Table G.12. Activities of Light Elements and Materials of Construction
in Spent Fuel vs. Decay Times

(33 GWD/MTV. 801 capacity factor)

Activities (C1/MTU charged to reactor)
Decay Time

Isotope Discharge 30 Days 120 Days 1 Year 10 Years 20 Years

Ca-45 6.11E-02a 5.38E-02 3.69E-02 1.32E-02 1. 34 E-08 2.93E-15
Sc-45 8.65E+00 6.75E+00 3.21E+00 4.24E-01 6.93E-13 5.55E-26
Cr-51 3.12E+04 1.48E+04 1.57E+03 3. 49E+00 9.37E-36 0.0
Mn-54 4.61E+02 4.30E+02 3.50E+02 2.00E+02 1.09E-01 2.58E-05
Fe-55 1.79E+03 1.75E+03 1.64E+03 1.37E+03 1.25E+02 8.69E+00
Fe-59 3.00E+02 1.89E+02 4.73E+01 1.09E+00 1.15E-22 0.0
Co-59 1.92E+04 1.43E+04 5.98E+03 5.52E+02 7.46E-12 2.90E-27
Co-60 7.llE+03 7.03E+03 6.80E+03 6.23E+03 1.90E+03 5.10E+02
Ni-59 3.36E+00 3.36E+00 3. 36E+00 3.36E+00 3.36E+00 3.36E+00
Ni-63 4.94E+02 4. 94 E+02 4.93E+02 4.91E+02 4.58E+02 4.25E+02
Sr-89 7.96E+01 5.33E+01 1.61E-01 6.13E-01 5.90E-20 4.37E-41
Sr-90 1.74E-03 1.73E-03 1.72E-03 1.69E-03 1.36E-03 1.06E-03
Y-90 3. 05E +03 1.25E+00 1. 72E-03 1.69E-03 1.36E-03 1.06E-03
Y-91 2.09E+02 1.47E+02 5.08E+01 2.83E+00 4. 30E-17 8.86E-36
Zr-93 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01 1.14E-01
Zr-95 3.82E+04 2.78E+04 1.06E+04 7.80E+02 4.77E-13 5.94E-30
Nb-92m 1.41E+01 1. 84 E+00 4.03 E-03 2.39E-10 0.0 0.0
Nb-93m 8.402-03 8.90E-03 1. 04E-Uz 1.44 E-02 5.63E-02 8.51E-02
Nb-94 3.06E-01 3. 06E-01 3.06E-01 3.06E-01 3.06E-01 3.06E-01
Nb-95 3.60E+04 3.40E+04 1.84E+04 1.62E+03 1.01E-12 1.26E-29
Mo-93 1.75E-02 1.75E-02 1.75E-02 1.75E-02 1.75E-02 1.75E-02
Tc-99 1.77E-02 1.76E-02 1.78E-02 1.78E-02 1.78E-02 1.78E-02
Sn-117m 1.89E+04 4.29E+03 4. 98E+01 2.69E-04 0.0 0.0
Sn-119m 2.25E+01 2.07E+01 1.61E+01 8.18E+00 9.06E-04 3.65E-08
Sn-121m 4.03E-01 4.03E-01 4.02E-01 3.99E-01 3.68E-01 3.36E-01
Sn-123 4.38E-01 3.71E-01 2.25E-01 5.79E-02 7.llE-10 1.15E-18
Sb-124 4.56E+00 3.22E+00 1.14E+00 6.72E-02 2.22E-18 1.08E-36
Sb-125 4.07E+01 3.99E+01 3.75E+01 3.15E+01 3.13E+00 2.41E-01
Te-125m 1.43E+01 1.47E+01 1.49E+01 1.30E+01 1.30E+00 9.98E-02

TOTAL 1.89E+05 1.05E+05 4.61E+04 1.13E+04 2.50E+03 9.49E+02

a Exponent Notation: 6.11E-02 = 6.11 = 10-2

.
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Table G.13. Quantities of Light Elements and Materials of Construction
in Spent Fuel vs. Oecay Times

(33 GWD/MTU, 80% capacity factor)

Quantities (g/MTU charged to reactor)
Decay Time

Isotope Discharge 30 Days 120 Days 1 Year 10 Years 20 Years

Ca-45 3.4 7E-06a 3.06E-06 2.10E-06 7.49E-07 7.61E-13 1.67E-19
Sc-46 ''.55E-04 1.99E-04 9.48E-05 1.25E-05 2.05E-17 1.64E-30
Cr-51 3.39E-01 1.60E-01 1.70E-02 3.79E-05 1.02E-40 0.0
Mn-54 5.77E-02 5.39E-02 4.39E-02 2.51E-02 1.37E-05 3.23E-09
Fe-55 7.16E-01 7.01E-01 6.56E-01 5.49E-01 4.99E-02 3.48E-03
Fe-59 6.llE-03 3.85E-03 9.62E.04 2.21E-05 2.35E-27 0.0
Co-58 6.08E-01 4.54E-01 1.89E-01 1.75E-02 2.36E-16 9.18E-32
Co-60 6.27E+00 6.20E+00 6.00E+00 5.50E+00 1.68E+00 4.50E-01

Ni-59 4.44E+01 4.44E+01 4.44E+01 4.44E+01 4.44E+01 4.44E+01

Ni-63 8.01E+00 8.01E+00 7.99E+00 7.95E+00 7.43E+00 6.89E+00

Sr-89 2.82E-03 1.89E-03 5.69E-04 2.17E-05 2.09E-24 1.55E-45

Sr-90 1.23E-05 1.22E-05 1.22E-05 1.20E-05 9.59E-06 7.49E-06
Y-90 5.61E-03 2.30E-06 3.16E-09 3.11E-09 2.49E-09 1.95E-09

Y-91 8.56E-03 6.01E-03 2.08E-03 1.16E-04 1.76E-21 3.63E-40

2r-93 4.43E+01 4.43E+01 4.43E+01 4.43E+01 4.43E+01 4.43E+01

Zr-95 1.81E+00 1.31E+00 5.02E-01 3. 69E- 02 2.25E-17 2.81E-34

Nb-92m 1.01E-04 1.32E-05 2. 91 E-08 1.71E-15 0.0 0.0
Nb-93m 2.97E-05 3.15E-05 3.67E-05 5.08E-05 1.99E-04 3.01E-04

Nb-94 1.61E+00 1.61E+00 1.61E+00 1.61E+00 1.61E+00 1.61E400

Nb-95 9.17E-01 8.66E-01 4.68E-01 4.13E-02 2.58E-17 3.21E-34

Mo-93 4.09E-02 4.09E-02 4.09E-02 4.09E-02 4.09E-02 4.09E-02

Tc-99 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00 1.03E+00

Sn-117m 2.38E-01 5.38E-02 6.24E-04 3.37E-09 0.0 0.0
Sn-119m 5.13E-03 4.72E-03 3.67E-03 1.86E-03 2.06E-07 8.31E-12
Sn-121m 1.04E-02 1.04E-02 1.03E-02 1.03E-02 9.46E-03 8.64E-03

Sn-123 5.lsE-05 4.37E-05 2.65E-05 6.82E-06 8.37E-14 1.3fE-22
Sb-124 2.60E- M 1.84E-04 6.49E-05 3.83E-06 1.26E-?? 6.15E-41

Sb-125 3.84E-02 3.77E-02 3. 54E-02 2.98E-02 2.9eE-03 2.27E-04
Te-125m 7.95E-C4 8.19E-04 8. 28E-04 7.23E-04 7.21E-05 5.54E-06

TOTAL 2.71E+05 2.71L+05 2.71E+05 2.71E+05 2.71E+05 2.71E+05

aExponent Notation: 3.47E-% = 3.47 x 10-6
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APPENDIX H

"AWAY-FROM-REACTOR" (AFR) STORAGE CONCEPT

1.0 WET STORAGE FACILITIES

This section will treat a 1500-MTU pool as a model facility for discussion purposes only. The
staff recognizes that a variety of designs are possible. Each will be specifically examined as
they are proposed for licensing action. Such a facility will be designated as an AFR--an inde-
pendent spent fuel storage installation (ISFSI), be it constructed away from the reactor site or
on an existing reactor site but separated from existing structures.

1.1 SPENT FUEL CASK RECEIVING, HANDLING, AND UNLOADING

Irradiated fuel assemblies would be received at an ISFSI in heavily st, elded fuel shipping casks
transported by either ro l or truck. The ISFSI would be designed for the receipt, cask prepara-
tion, cask unloading, and storage of irradiated fuel assemblies. Facilities would also be
provided for the decontamination, repair (if required), and preparation of enpty casks for
return shipment.

The cask being received is first surveyed to detemine if there is any external contamination;
if none is detected, the cask and its carrier are flushed down with a high-pressure water spray
to remove mud and road dirt. If low-level contamination is present, the cask is flushed down
within the facility and the flush waste is routed to the liquid radwaste systen.

As indicated in the text, spent nuclear fuel can be transported both by truck and rail spent
fuel casks. The internal operating environment of rail or truck casks can be designed to be
either wet or dry. As examples, the NFS-4 truck cask is designed to use water as the internal
cavity heat transfer medium, while the NLI-1/2 truck cask uses helium as the internal medium.
The GE IF-300 rail cask has a wet internal environment, while the NLI-10/24 rail cask has a dry
internal environnent. The latter cask is considered to most closely resemble current new or

future design:.

The receipt, handling, and unloading of these two types of spent fuel casks present different
operational problems. The internal temperatures of the dry cask are generally too high to
pemit the cask to be placed directly into the pool for unloading. The internal contamination
of the wet cask may be too high to pemit the cask internal water to mix with the storage pool
water.

.

Because of these operational considerations, a cask cool-down and internal decontamination

system is required by an ISFSI. The cool-down system would lower the internal temperature of a

H-1
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dry cask by first recirculating superheated stean or hot air through the cask internals. Then,
by slowly lowering the temperature of the recirculating mediun, the internal temperature of the
cask is reduced until hot water can be recirculated thcough the cask. At this point the ca n
can be placed into the pool for unloading. Such a cas' cool-down systen continuously treats the
cooling nedium as it is discharged. The treatment process is one of conbined filtration and ion
exchange. Properly designed, the cool-down si; ten can act as a cask internal decontamination
system for wet casks. For this mode of operation, the wet cask would be connected to the cool-
down systen and water circulated through the cask to replace the prinsry coolant. This greatly
reduces the amount of radinactive material that is introduced into the storage pool.

Following the cool down and decontanination, the cask is transferred into the cask unloading
section of the pool . A 135-ton rask handling crane is used to transfer the cask. The design of
the facility is such that at no tine is a cask or any other heavy piece of equipnent transferred
over the top of stored spent fuel . Furthemore, areas over which the cask will be transferred
will be protected with shock absorbing foundations.

Af ter the spent fuel cask has been transferred to the unloading pool, the cask handling crane,
along with its yoke, is noved aside, and a second, smaller cask unloading crane is positioned
over the cask. The lid of the cask is renoved while the cask is underwater, and the lid is
placed beside the cask on the pool botton. The individual fuel assemblies are then removed from
the cask. Af ter the operator compares the physical identity of each fuel assembly with the
shipping records, the assemblies are transferred to a nultiple assembly storage canis.er located
in a rack in the cask unloading pool. Positive nechanical and electrical stops are enployed to
ensure that the spent fuel assenblies will not be lifted above the 3.6-n shielding depth of
water.

When the last assembly has been removed fran the cask, the cask .JMerior is inspected visually
to ensure that all fuel assemblies and nonfuel itens have been removed. The cask lid is replaced
on the cask and the cask is renoved fran the pool . As the cast is being removed, an operator
rinses the cask exterior with denineralized water to wash off pool water. The cask is then
placed in a decontamination and repair area. i'e head or lid bolts are tightened and the exter-
ior of the cask is decontaminated as required. Af ter a final radiation survey and visual inspec-
tion, the cask is moved to and mountej on the transport vehicle. Finally, the spent fuel in the
cask unloading pool is transfe~ed to the spent fuel storage pool.

1.2 SPENT ruEL p00L

A water-filled storage pool was chosen as the basic design concept for an independent spent fuel
storage installation because of currently available experience of the nuclear industry. Wa ter
contained in the pool provides shielding and cooling nf the spent fuel and is also a transparent
medium to facilitate fuel handling and inspection. Figure H.1 is a plan view of a typical pool
and its support areas.

The nools are massive, reinforced concrete structures lined with approximately 0.6-cn-thick
stainless steel plate. The design considerations of the concrete structure and liner are dic-
tated by the seismic history of the area. Regulatory Guide J.24 calls for design to have a high
degree of resistance to ground notion.
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The depth of the water within the pool is approximately 30 to 40 f t (9 to 12 m). This allows
the 4.4-n-long fuel assenblies to be placed in storage racks from the top and still retain at
least 3.6 n of water shielding during the fuel transfer operations.

The pool is divided into two nain functional areas: the cask unloading pool and the fuel storage
area. Two bridge cranes service the pool area. A 135-ton-capacity crane transfers the spent
fuel cask fron the transportation vehicle to the cask unloading position. A 15-ton-capacity
crane unloads the cask and noves the fuel assenblies from point to point within the pool.

The pool liner is designed as a high reliability, leak-tight batrier. In addition, a leakage
collection systen is installed between the stainless steel liner and the concrete structure.
The collection systen is composed of a series of interconnecting channels or depressions in the
concrete behind the liner. These channels guide and collect any leakage to a pool sunp. Any
leakage collected in the sunp can be returned to the pool by punps. The leakage collection
systen funct!ons first as a leak detection systen and secondly as a neans of ensuring that najor
anounts of pool water do . lot escape containnent.

Spent fuel storage racks naintain the spent fuel assemblies in their respective positions during
storage. An extensive discussion of the design of these racks is provided in Appendix B. The

purpose of these racks is to maintain the fuel assenblies in an upright position and to naintain
spacing of the fuel assemblies such that the k

eff 0.95, even during a seismic event or other<

disruption.

1.3 HEAT DISSIPATION

The heat rejection requirements of the facility are net with circulating cooling water systens
and air systens (HVAC) that dissipate the heat to the environnent. The water cooling conplex is
conposed of closed loop primary systems, secondary loop and an energency cooling water systen.

The secondary cooling water systen transports process and radioactive decay heat from the primary
closed loop systens to cooling towers. Cooling water is punped through heat exchangers, where
the heat fron the process systen is returned to the cooling towers for dissipation to the etnos-
phere. The cooling tower is sited to meet the fuel receiving and storage facility cooling water
requirenents during normal operation. It would probably be of the nechanical forced-draf t
va rie ty. The total dissolved solids content of the recirculating cooling water is limited by
continuous blowdown. Calcium and magnesium are kept in solution by controlling the pH of the
cooling water. Corrosion protection is provided by the addition of inorganic and organjc inhib-
itors. Makeup water is introduced into the tower to compensate for blowdown, evaporation, and
drift.

The primary cooling water and air systens consist of closed loops that are used to transfer heat
from process equipnent to the secondary cooling water systen. The closed loop arrangements
provide a positive barrier between potential leaks in the process equipnent and the environment.

There are three primary cooling water and air systen loops associated with:

1. The fuel storage pool
36,3136,
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2. HVAC air

3. The radwaste concentrator condenser.

The energency cooling water system consists of a large pond with a capacity in the range of
10 liters and a special distribution systen that supplies cooling water for emergency utilities7

e d system operation. It is connected to the primary and secondary systens through fail-safe
block valves. Such an energency heat sink provides ample cooling in of f-n9 mal conditions.

Table h.15%s the heat load on the secondary cooliag system from the primary system. The
I

secondary system nust be able to remove about 5 x iO Stu/hr, assuming 1500 MTU of spent 'uel

being stored and the fuel being out of the reactor for five years.

Table H.l. Heat Load on Secondary Cooling Water System and CorrespoG:ng
Flow Rates through Heat Exchangers

Flow Rate through Secondary System
Heat Load (full Side of Heat Exchangers, liters

Source pool) (Btu /hr) per minute (reflects contir.gency)

1500 MTU spent fuel pool 107 (2 kW/MTU) 6,000

(nomally fuel received
5 years out of reactor)

7
HVAC heat rejection 0.5 x 10 7,600

(compression, chillers,
af ter cooler)

7
Radwaste concentrator 10 6,100

7
Subtotal 2.5 x 10 19,700

+ 100% contingency 2 ; 5 x 10

7
Total 5 x 10 Btu /hr

Table H.2 gives the water requirements for the secondary cooling water system. The water flow
rate through the cooling tower (secondary cooling water system flow rate) is almost 20,000 liters

per minute.

Heat exchangers in the three loops are of the plate type. Plates can be added to or removed
from service to increase or decrease capacity.

The fuel storage pool heat exchanger has a primary side flow rate of 5,100 liters per .ainute,
with an inlet tenperature of 46'C and an outlet temperature of 29'C, when running at full capa-
city. The secondary side inlet temperature is 24*C and the outlet temperature is 38'C. The

heat exchanger has a surf ace area of 3pproximately 500 square meters.

The inlet temperature of the water to the HVAC heat exchanger is 24*C and the outlet temperature
is 29'C, during full capacity conditions. The surface area is approximately 500 square meters.
The inlet tenperature of the radwaste concentrator condenser is 24'C and the outlet temperature
is 38'C at full capacity with a heat exchanger surface area of approxhately 95 square meters.
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The iniet temperature of the water to the HVAC heat exchanger is 24*C and the outlet temperature
is 29'C, during full capacity conditions. The surface area is approximately 500 square meters.
The inlet te,perature of the radwaste concentrator condenser is 24'C and the outlet temperature
is 38'C at full capacity with a heat exchanger surface area of approximately 95 square meters.

Table H.2. Approximate Requirements of Secondary
Cooling Water System

Requirement,
Component liters per minute

Cooling tower water flow 19,700
Evaporative losses 450
Drif t losses 9
Blowdown 95
Makeup 570

Three cooling water pumps, two for nomal operation and one standby, are provided for the second-

ary cocling water system. Each pump has an estimated capacity of approximately 9,800 liters per
minute with a head of about 43 meters. The pumps are located in forebays in front of the cooling
towers. Water intakes from the cooling tower to the forebay are equippeo with two banks of
filter screens in series. The heat dissipation system is showri in Figure H.2.

1.4 HEATING, VENTILATION, AND AIR CONDITIONING SYSTEM

The heating, ventilation, and air conditioning (HVAC) system for the fuel storaga facility is
designed to supply properly conditioned air to operational areas, ensur( that air is restricted
to prescribed flow paths for confinement, pass the airflow through final filters or treatment
systems, and then discharge the air through a stack to the environnent. The ventilation portion
of the system is important for the control of contamination and must functior continuously under
normal, of f-standard, and accident conditions. All operating facilities will not necessarily
follow the arrangement discussed here. For example Barnwell does not filter air through HEPA's.

The building stnJctures and ventilation systems provide for confinement of radioactive materials
and ensure that personnel exposure is maintained as low as reasonably achievable. In addition,
the HVAC system, as a whole, maintains an environment conducive to work.

Air is supplied to the ventilation systems by conventional supply units with integral filters,
heating coils, cooling coils, and fans. Air fran these units is distributed to the operational
areas of the facility throu? galvanized ductwork. Exhaust air from these areas is contained
within coated carbon steel or stainless steel ducts as required by the specific systea applica-
tion.

Air exhausted fron operating areas, where dry casks are air cooled, is cleaned and discharged to
the outside. This air frm areas that are contaminated or potentially contaminated passes
through a roughing filter and two HEPA filters in series. The final filters consist of banks of
filters in parallel and each filter bank has a mist eliminator.
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The components are designed so they can be tested for operability, efficiency and functional
perfornance under simulated design basis conditions.

The fuel receiving and storage facility ventilation systen is divided into two subsystens with
intake-supply units and exhaust-filtration units which discharge to a connon stack. One sub-
system serves the fuel storage pool and fuel pool water treatment buildings. The fuel receiving
area, waste solidificatior and compaction station, cas'. unloading cell, and radwaste processing
cell are served by the second subsystem.

Outdoor air is conditioned as required and supplied to the fuel storage pool and water treatment
buildings. It is then discharged to the stack through HEPA filters. An air supply unit provides
air to the fuel storage pool and uter treatment buildings through galvanized steel ductwork.
Airflow is from areas of lesser potential contamination to areas of higher pcLential contamin-
ation. Each unit consists of a fan, filters, steam heating coils, and chilled-water cooling
coils to condition the air. During nomal operation, more than one unit is on line and at least
one spare is available.

Centrifugal blowers, including at least one stindby unit, are used to exhaust the air from the
fuel storage pool and water treatment buildings to the stack.

The fual receiving area, waste solidification and compaction area, cask unloading cell, and
radwaste processing cell receive air through several supply units. Each unit has a fan, filter,
steam coils, and chilled-water coils to condition the air, with more than one unit on line
during nomal operation.

As in the first subsystem, air is distributed through galvanized ductwork from areas of lesser
potential contamination to areas of greater potential contamination. Some of the air is recircu-
lated by retum air fans af ter filtration to the inlet supply units.

Outlet filters are installed at the air exits. These units include roughing filters, which
collect the majority of particulate material exiting in the airstream, thus minimizing contamin-
ation to the exhaust ductwork and loading of the final filters. Banks of return air filters are
prrvided to clean recirculated air prior to reuse. The filter banks have a mist eliminator,
roughing filters and two HEPA filters in series. These return banks are removed from service
turing filter changeout operaticns.

The final filters consist of several banks of filter units in parallel, with each filter bank
containing a mist eliminator and two HEPA filters in series.

Several blowers, including one standby blower, are used to exhaust air to the stack. Retum air
blowers, including one standby unit, return filtered air to the HVAC supply unit.

1.5 RADI0AETIVEWASTEGENERATIONANDTREATHENT

The operation of spent nuclear fuel storage pools generates both liquid and solid radioactive
wastes, which must be collected, treated, packaged, stored, and disposed of. The sources of
radioactive contamination A e fission and activation products from the fuel surface and defec*s
in the fuel cladding.
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The najor sources of liquid and semi-liquid radioactive wastes are the water treatment system
and the cask cool-down and decontamination sytten. The wastes that energe from these systens
include filters, ion-exchange media, ion-exchange regeneration solutions, filter sludges, and
miscellaneous dry solids, including HEPA filters, charcoal, clothing, plastic, paper, wood,
metal, and rubber. The next most important sources of contaminated waste are equipment and
facility decontamination and flush solution's. About 300 cubic meters per year of wastes might
be expected to be generated by a facility storing 1,500 MTU of spent fuel. Figure H.3 outlines
the operational flow of a storage facility as it relates to the generation of radioactive waste.

The units used to filter the pool water and cask cool-down solutions can be either cartridges or
backflushable. In the case of the cartridge filter, the used filter and filter cake require
immobilization and packaging. In the case of backflushable filter units, the filter may be of
either a precoat or non-precoat variety. If the backflushable filter is of the precoat variety,
the precoat is a material such as diatomaceous earth. When the filter is backflushed, the
precoat and the filter cake must be sent to the waste concentrator for volume reduction. The
non-precoat backflushable filter cake is sent directly to the waste concentrator.

The filtered poolwater is demineralized in a mixd resin bed ion exchange column to remove any
contaminated ionic species that cannot be filtered. When fully loaded these beds can be regener-
ated by running a regenerating chemf Cal solution through the bed, which will release the ionic
species. The regeneration waste solution is metered to the waste concentrator. The lifetime of
the ion exchange resin varies, but can be as much as two years. When the resin has completed
its useful Itfetime, it is pumped to a dewatering trnk and ultimately sluiced to the waste
solidification system.

The waste concentrator is an evaporator providing a means of volume reduction of wastes. The

liquid waste treatment system and the filter sludges (if backflushable filters are used) are
sent to the evaporator, where they are concentrated in the bottoms. The evaporator bottans
slurry is sent to the waste solidification systen for imnobilization.

The waste solidification system immobilizes the spent resins, filter cartridges, and evaporator
bottoms in a solid matrix. The solidification agent can be cement or urea fomaldehyde.

The waste and solidification agent is mixed in either a continuous or batch mixing device and
packaged in a container such as a 200-liter drun and capped. Once the solidification agent has
had time to set up, the waste is immobili Id. The container is then stored onsite to await
final disposal.

Radioactive gases that are released from cask decontamination operations or fuel pool operations
are collected through high efficiency particulate (HEPA) filters, condensers, or advanced systems.

The solid radioactive wastes include ventilation filters, rags, plastic, failed small equipment
and similar items. Low-density solid waste, such as ventilation filters, are mechanically
compacted so as ta minimize the volume of waste that must be handled and disposed of.
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1.6 FACILITY INTEGRITY

The fuel storage pool will be designed to Category I seismic requirements. Drains, pemanently
connected mechanical or hydraulic systems, and other features that by maloperation or failure
could cause loss of coolant and uncover the fuel are not included in the design. Systems that
maintain water quality and quantity are designed so that their maloperation or failure will not
cause fuel to be uncovered. These systems do not otherwise meet Category I seismic requirements.
A makeup system is provided to add coolant to the pool. As appropriate, a backup system for
filling the pool is provided by a reservoir.

1.7 LICENSING AND CONSTRUCTION CONSIDERATIONS

As indicated by Regulatory Guide 3.24, a license application for an ISFSI would be reviewed
under the requirements of 10 CFR Part 70 (or proposed 10 CFR Part 72 when adopted). As such, a
review and evaluation of the engineering design and detailed safety analysis of the installation
must be conducted prior to licensing. For this reason, a license application for an ISFSI
should include a safety analysis report similar in scope and detail to the pertinent parts of a
safety analysis report for a fuel reprocessing plant.

The licensing of an ISFS! would be a major federal action within the meaning of the National
Environmental Policy Act of 1969. Therefore an applicant should prepare an environmental report
that can serve as the technical basis for an evaluation by the Nuclear Regulatory Commission of
the potential environmental impact of the installation. Preliminary engineering plans should be
filed with the license application and its supporting environmental report at least nine months

before the start of construction activities.

.
The activities that culminate in the operation of an ISFSI include:

Site selection*

.

Project scoping*

Preliminary engineering*

* Preparation and submittal of a license application and its supporting documents
Detailed engineering

Cons truction*

Cold checkout*

Startup*

About five years will be required for project completion.

2.0 DRY STORAGE FACILITIES *

2.1 SPENT FUEL RECEIVING AND PACKAGING FACILITY

For the purpose of this study it was assumed that all of the dry storage options will require a
spent fuel receiving and packaging facility. This receiving and packaging facility will vary

*The facilities described in this secticn are presented as model facilities for discussion only.
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slightly fron option to option, but the basic design and operational mode will be essentially
the same for all of the options except the dry rack storage.

A general operational flow diagran is shown in Figure H.a. The spent nuclear fuel is received at
the facility in dry spent fuel casks transported to the facility by either rail or truck. The
exterior of the shipping cask is first washed to renove any road dirt, thcn the cask is vented to
the cask cool-down system. The internal temperature of the cask is reduced to an acceptable oper-
ational range by the cool-down system. The spent fuel is then removed remotely f rom the cask in
a dry cell using cranes and manipulators and placed in racks for surge storage. The fuel is moved
to a packaging area as oper :ns pemit. Single fuel elements are inserted into storage cani-
sters. Canister lids are p'. aced on the loaded canisters and the closure weld is made. The cani-

ster is checked for leaks and the external surface is decontaminated. The loaded canister is
then placed in one of the dry storage nodes.

The receiving and packaging building houses all of the process activities. The building is
divided into general areas according to functions. These major functions include: receiving,
packaging, personnel support, utility support, raddaste, and maintenance.

The receiving functions include the spent fuel shipping cask receiving area, the fuel handling
nd receiving cell, various galleries and service areas, and the control roon. The shipping

cad receiving area is contained within a steel-framed, high-bay building. The activities of
the area are devoted to preparing the cask for unloading, including external decontamination of
the cask, internal cask cool down, and mating the cask with the fuel receiving and handling
cell. The various galleries and service areas used to support the receiving activities include
an operating gallery, utility gallery, service gallery, laboratory and counting roons, personnel
change and shower roons, and an HVAC area.

Operat0rs control in-cell nechanical operations from the operating gallery while viewing these
operations through shielding windows. The control room serves as the central control and monitor-
ing area for the entire facility. The personnel support area prJvides space for the non-process-
related functions within the building. These areas include access-controlled personnel entry
and exit, a security office, personnel check and decontamination stations between potentially
contaminated and clean areas, toilets and locker roons, offices for supervisory personnel,
meeting roons, and a cafeteria.

The mechanical and electrical support area is a one-story standard concrete structure in which
equipnent that supplies the mechanical and electrical demands of the facility is housed. The
mechanical room contains pumps, chillers, boilers, and other equipment in the utility systems.
The electrical room contains motor and switch gear control centers. A battery room and standby
generator room are included.

The waste treatment area will be constructed of reinforced concrete. The contents of this room
are described in Section 2.3 of this appendix.

The receiving system can accept shipping cas , delivered either by truck or rail car. 1 rucks and

rail cars are washed down to remove dirt and are checked for radioactive contamination. Facill-
ties are provided for minor decontamination of trucks, rail cars, and casks in case the level of
radioactivity is higher than that specified in the " Acceptance Criteria for Shipping Casks."
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Shipping casks are received in a horizontal position. The receiving area crane upends the cask
and places it m the receiving area floor. Portable platfoms are provided to allow personnel
access to tk top and sides of the cask. Hoses are connected to vents in the cask and any
internal pressure is released to the cask cool-down system. The internal temperature of the
cask is w.d by purging with the cooling nedia.

The shield plug retainer is removed and the cask is lif ted by the receiving area crane and
placed in a shipping cask carriage which is in a receiving pit. The cask is noved under the
receiving cell and then is sealed to the undersi f the shipping cask receiving port with an
inflatable seal.

Operations are conducted remotely beyond this point in the receiving process. The shipping cask
access port cover and shipping cask shield plug are removed and stored in a cell by the 15-ton
hoist on the receiving cell crane. One assembly at a time is lif ted from the shipping cask,
using the receiving cell crane six-ton hoist equipped with an assembly lifting device. Each
assenbly is identified and visually inspected for damage. The assemblies are then placed in
racks for surge storage.

As the operations pemit, assenblies are transferred to the packaging area, where individual
assemblies are inserted into single canisters. The lid is welded in piace on the loaded canister
as the final closure.

The canisters are inspected for contamination, and if required, placed in the spray chamber for
decontamination by fog and water sprays. The canisters are checked for contamination after
renoval from the spray chanber. The cell manipulators are used to make swipe checks on the

canisters. Swipes are then removed from the receiving cell through a swipe pass-through. They
are given a preliminary check in the service gallery and may be taken to the counting room and
laboratory for further analysis. The canister is decontaminated, if required, by washing with
decontamination solutions in the decontamination chamber. Following packaging, decontamination,
and final packaging, the canisters containing spent fuel assemblies are transferred to one of
the dry storage modes.

Handling of the spent fuel assemblies and loaded canisters in the fuel receiving and packaging
cells is controlled from the operating gallery by use of the remotely operated crane and master-
slave manipulators. Operating personnel in the operating gallery are protected from radiation
exposure by a two-meter-thick conventional concrete wall or equivalent shielding. Visual control
is maintained by direct, observation through a periscope and shielding windows and indirectly by
the use of mirrors and closed-circuit television.

The receiving cell cooling and ventilation system is designed to remove heat released by waste
canisters, cell lights, and mechanical equipment, and to maintain the cell exhaust temperature
below 50*C. The cooling and ventilation system is described in Section 2.2 of this appendix.
Receiving cell exhaust is on standby power but the nomal cooling system is not. The receiving
cell crane is on standby power, so it can be used to retum canisters to the shipping cask;
removal of the canister would pemit cell access for repair.

The receiving cell is designed for contact maintenance af ter rem val of high radiation sources.
Hose connections and pemanent spray piping are provided in the cell for use in decontamination.
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The decontanination chemicals are fed to a high-pressure jet spray pump from nix tanks located

in the aqueous makeup roon.

A facility layout of the spent fuel receiving and packaging facility is shown in figure H.5.

2.2. HEATING, VENTILATION AND AIR CONDITIONING SYSTEri

The HVAC systen confines and limits the migration of radioactivity to specific areas within the
Airflow isstorage facility and prevents the release of radioactivity to uncontrolled areas.

maintained toward areas of increasing contamination potential. Before being discharged to the
atmosphere, the air is filtered by HEPA filters which maintain the release of potential radio-
activity as far below guidelines established in 10 CFR Part 20 as is reasonably achievable.

The ventilation confinement requirements for the facility are provided by a primary and a second-

ary exhaust systen. The primary exhaust system handles air from areas with significant contamin-
ation potential, while the secondary exhaust systen handles air fran areas with minor contamin-
ation potential.

The receiving and assembly building's HVAC systen is divided into three ventilation zones.
These zones are designated according to their potential for being contaminated. The primary
zone consists of the areas with the highest contamination potential--receiving cell, canister
transfer tunnel, weld and test cell, and waste concentration room. The secondary zone consists
of the following low potential contamination areas: control room, operating galleries, service
galleries, wam maintenance room, shipping cask receiving area, receiving pit, counting room and
laboratory, personnel check and decontanination stations, storage unit assenbly area, toilet,
air-locks, Cold maintenance room, aqueous makeup roon, and exhaust filter-fan house. The unre-
stricted zone has minimum contamination potential and comprises the nechanical and electrical

rooms and personnel support areas.

The differential pressure maintained between adjacent rooms assures that airflow will be from
areas with least contamination potential to areas of successively higher contamination potential.

Automatic static pressure regulators and control dampers are used to control exhaust flows and
maintain room pressure differentials. Automatic volume control dampers are provided to control
the incoming ventilation airflow. Any inflow of air from adjacent areas to a roon which is
maintained at a lower pressure is compensated by automatic reduction in the amount of air supplied.

Supply air for the primary and secondary confinement zones, except for the shipping cask receiving
area, storage unit assembly area, and personnel decontamination and change area, is filtered by
prefilters and HEPA filters to reduce dust loading and changeout frequency for exhaust HEPA
fil ters. Air exhausted from the primary and secondary confinement zones will be filtered by

prefilters and two banks of HEPA filters in series prior to being released to the atmosphere.

The receiving cell, packaging cell, and the weld and test cell are maintained at the lowest
pressure within the building so that air leakage is always inward. During nomal operation,
cooling units located adjacent to the cells recirculate cell air and remove heat released by
canisters and equipment. A minimum quanHty of air is nomally exhausted through in-cell HEPA
filters to maintain lower pressures.
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1. Gaseous Waste FtIter Vault (below)
2. Suspect Waste Tank (below)
3. Hot Waste Tank (below) 3
4. Cement Storage Room L.1---
5. Radwaste Feed Tank
6. Waste Concentration Room (below)
7. Casting Room
8. Control Area 18
9. Receiving Pit

10. Shipping Cask Receiving Area
11. Counting Room
12. Service Gallery

,

13. Receiving Cell
14. Cold Maintenance Room 21
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| |22. Locker Room [2723. Decontamination
| 29
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26. Access Door (sealed) '
27. Load-Out Transfer Tunnel e

28. L,ad-Cut Area 35 g 31 30 13 9
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29. Operating Gallery
30. Canister Loading Cell 34 32 14
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32. Service Gallery
33. Mechanical Room 1534. Air Lock
35. Welding Gas Storage 33
36. Exhaust Filter Fan House 17 16 36
37. Stack tunitor House

Q 38. Stack

C"
Figure H.5 Receiving and Assembly Building Layout.o
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Supply air to non-contaminated areas will be prefiltered and recirculated as feasible to minimize
heating and cooling requirenents. Heating and cooling of the receiving and assembly building
are provided by steam and chilled-water circulating systems.

HEPA filters renove 99.97% af particulatesTwo types of filters are used in the HVAC system.
0.3 microns in diameter and larger. Each filter module has a face of 0.6 x 9. meter and can

handle a flow rate of 28 cubic meters per minute of air. All HEPA filters a accessible for

either remote or manual changeout.

Five centimeter-thick fiber glass pre-filters are provided upstream of the HEPA filters to

extend the life of the HEPA filters.

The receiving ano assembly building primary and secondary confinement zone exhaust fans are
Each fan is capable of exhausting air at approximately 425high-pressure industrial exhausters.

cubic meters per minute and requires about a 60 hp motor. The secondary confinenent fans exhaust

approximately 1.100 cubic neters per minute each and require about 150 hp motors.

The heating and ventilating units are standard fan units with steam heating coils and insulated
The air conditioning units are standard cabinet fan units with steam heating coils,cabinets.

chilled-water cooling coils, and insulated cabinets.

2.3 RADI0 ACTIVE WASTES AND ASSOCIATED TREATMENT SYSTEMS

Each dry storage alternative will have the same radioactive waste treatment system for the
portions of the facility that pertain to receiving and packaging operations.

The function of the waste treatment system is to collect, reduce as appropriate, and dispose of
the radioactive waste resulting from the nomal or abnomal operation of the dry Storage facility
in a manner such that all solid, liquid, and gaseous effluents meet the applicable Federal, NRC,

DOE, state and local requirements.

It is expected that small quantities of low level radioactive waste will be accumulated during
nomal operations of the facility.

The waste treatment system converts contaminated solid and liquid waste to a fom suitable for
storage or disposal. Low-activity contaminatico could be encountered in the receiving area,
receiving cell, weld and test cell, counting room and laboratory, wam maintenance areas, and
other regulated zones of the facility. Chemical solutions used for decontamination in these
areas are collected by sumps and floor drains and routed to the waste treatment system for

processing. Shipping cask exteriors are washed in the receiving area and the interfors can be

decontaminated ence the fuel assemblies have been removed. Solid contaminated wastes such as
smear test clotbs, equipment parts, ion-exchange resin, tools, filters, trash, etc. are immobil-
ized or compacted in the este treatment system and removed to an existing waste storage facility

An industrial standardoutside the dry storage facility or to an approved commercial facility.
hydraulically activated waste compacting systen is provided to handle the low level solid waste
uaterials. The contents are placed in 55-gallon drums (DOT-17C).

sj,00 Mihc. . y , o-
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Figure H.6 is a schematic process flow diagram for the waste treatment systal. All nomal
liquid process waste, including decontamination solutions, is collected in a 38,000-liter suspect
waste tank. If nildly contaninated, the liquid is decontaminated by circulating it tnrough an
ion exchanger and then returned to the denineralized water storage tank, sent to cooling tower
makeup, or sent to surface disposal.

If the suspect waste is highly contaminated, it is transferred by stean jet fra1 the suspect
waste tank to a 15,000-liter hot waste tank. Liquid wastes that are known to be highly con-
taminated can be sent directly to the waste tank. Highly contaminated liquid waste is solidified
in the waste casting room.

Vessel vent systeas are used to keep all tanks slightly below atmospheric pressure. The vented
air passes through coolers and moisture eliminators and through HEPA filters before being dis-
charged fran the stack to the atnosphere.

The 11guld wastes is concentrated to reduce volume through an evaporator at approximately 7.5
liters per minute. Distillate from the evaporator is discharged to surface disposal if uncontam-
inated. Any residual contanination is removed by means of a small ion-exchange unit. Concen-
trate is transferred to an underground 1,900-liter waste concentrate receiving tank near the
waste casting room and held for processing in the waste casting systen.

When processed, the highly contaminated liquid waste is mixed with cement in unshielded or

shielded 55-gallon druns (DOT-17C), depending on radiation levels. The casting process can be
achieved by any of the conventional packaging solidification systems connertf aliy available.
flajor equipment itens in the waste casting system, which handles approximately two drums per
hour, include a cenent hopper, cement fuel station, ifquid waste fill station, a drum capper, a
mixer, transfer and drum storage conveyors. The waste casting system is operated intemittently
when sufficient liquid. waste products accumulate to make a batch.

The waste treatment system is housed in an area of reinforced concrete construction approxi-
mately 150 square meters in size. Penetrations to the atmosphere are designed to resist the
design basis tornada. The waste casting roon will be located at ground level and will house the
liquid waste casting equipment and the waste compactor. A base.nent area under the waste casting
roon houses the waste concentrator package, concentrator feed tank, and concentrate receiving
tank.

Because of the high radf ation levels possible and the potential for contamination, the area
housing the waste casting systen will be Category I. The remainder, including the storage areas
for solidified wastes, will be Category !!. Provisions will be made for renote operation of the
system.

The suspect and waste tanks and gaseous waste systen filters will be located in a Category I
vault adjacent to the receiving and assembly building. The vault is shielded with a removable
roof section for access.

The only source of radioactive wastes from the storing of the fuel assemblies cones from the air
that is circulated through the storage media. All of the dry storage concepts except the caisson
storage require the circulation of air as a cooling nedium. The air for each of these options
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will be run through HEPA filters to remove any contamination which nay occur during the natural
circulation process.

The caisson storage mode generates no radioactive wastes.

3.0 CLADDING STABILITY DURING STORAGE OF SPENT FUEL

3.1 POOL STORAGE

Considerable data are available in the literature about the corrosive effects on Zircaloy and
stainless steels when contacted with water.b 6 The bulk of these data are reported for condi-
tions occurring in operating light water reactors, that is, high temperature and high water
pressure. However, extrapolation to spent fuel storage conditions of low temperature, low
pressure, high purity water is considered reasonable.

Galvanic actions between Zircaloy and stainless steels and most other metals should be minimal.

In addition, there is now a steadily accumulating body of favorable experience demonstrating the
stability of spent fuel cladding.7

3.1.1 Corrosion

A small amount of the cladding that has been stored in pools is stainless steel and would be
susceptible to attack ty halide ions and caustic solutions if present in the water. These ions
cause pitting, stress cracking, and intergranular corrosion. However, such attack is predomi-
nantly effective at temperatures well above those maintained in the pool water.

Most of the fuel that is currently being stored or will be stored in the future is clad with
zirconium alloy. The corrosion resistance of zirconium is generally very good; however, the
presence of halide ions in the water at high temperatures (above those maintained in the pool
water) could cause stress corrosion cracking and accelerated uniform corrosion of zirconium

alloy cladding. In the operation of a spent fuel storage pool, the water is cooled by circula-
tion through a heat exchangar and maintained at high purity by circulation through ion-exchange
columns. Purification is required to maintain water clarity for good visibility of the spent
fuel, to remove any radioactive materials that may have been released fran the fuel, as well as
to prevent corrosion. Therefore, corrosion of spent fuel cladding due to water contaminents
should not occur.

Water has been found to be corrosive at higher temperatures (T > 260'C). The rate constant for
oxidation of zirconium at temperatures about 260*C appears to exhibit an Arrhenius type relation-
ship.I The temperature of the water in the spent fuel pools, however, is controlled, usually to
below 50*C and in any case below 65'C. However, temperatures may reach the boiling point for
short times under postulated accident conditions. The extrapolation of the Arrhenius relationship
down to nomal operating temperature shows that the corrosive effects are negligible. This
correlates with the experience observed in fuel stored for about 18 years. Zirconium shows
excellent resistance to corrosion from strong acid solutions, so the presence of acid will cause
no problem.

Q:Or%.wonso
aO

H-20



Based on the range of pool storage conditions, fuel-bundle materials and related corrosion
nechanisms, an assessment was nade of the anticipated corrosion of spent fuel cladding during
100 years of storage in a pool as follows:8

Percent

Penetration of Clad

Zi rcaloy 0.3 to 0.5 pm 0.05 to 0.07

Stainless steel < l .5 pm <1

Aluminum 37 um ---

This indicates that under pool storage conditions, the corrosion rate is expected to be very
low. Corrosion is not expected to cause long tem problems for storing spent fuel.

3.1.2 Electrolysis

Zircontun and stainless steel may be contacted in fuel pool storage when the assemblies are

placed in racks. Also, aluminum may be present. The amount of infomation on the electrolysis
of zirconfun is limited, but since it usually assumes a noble potential, it should be relatively
unaf fected by galvanic coupling.9"II In other words, zirconium sits below both aluminun and
stainless steel in the galvanic series, and if any long-tem galvanic ef fects do take place, the
zirconium would be cathodic or rmre noble and be protected.

The severity of galvanic corrosion depends not only on the difference in potential of the netals,
but also upon the relative surface areas of each and the nature of the electrolyte. The exposed
surface area of both zirconium and the stainless or aluminum will be relatively similar, with
the stainless steel or aluminum (anodic) having the larger surface area. This arrangement would
tend to minimize electrolysis. In addition, the electrolyte will be deionized water. This will
help minimize any galvanic effects.

3.1. 3 Experience

There has been a fair amount of experience gained fron storage of irradiated LWR fuel in storage

pools for times up to 18 years. Corrosion rates of both stainless steel and zirconium alloys
have been extrmely low during this time.

Pool storage of packaged fuel assemblies in 304L stainless steel has been practiced at the
Receiving Basin for Offsite Fuels at the Savannah River plant for over ten years. By main-
taining the chloride concentration below 5 ppm, stress corrosion cracking has been avoided.

Other corrosive effects have been found to be minimal.

The Navy currently stores spent fuel from naval reactors at the Idaho National Engineering
Laboratory. Corrosion ef fects af ter five years of storage were found to be miniral, and no
electrochenical effects were observed with chloride concentrations of up to 700 ppm in the

water.

363213
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Fuel handling experience in tne U.S., going back to 1959, has not revealed any instance where
Zircaloy-clad uranium oxide fuel has undergone observable corrosion or other chemical degrada-
tion during pool storage. Stainless-clad experimental light-water reactor fuel has survived
since about 1964 without visible degradation. * The favorable experience is corroborated by
experience in other countries with the following naximum pool residence for Zircaloy-clad fuel
as of late 1977: Canada--14 years; United Kingdcri--Il years; Belgiun (MOL)--10 years; Japan--9
years; Norway--9 years; Karlsruhe, Gertiany (WAK)--7 years; and Sweden--5 years.8

Data have been reported on the results of inspections of spent fuel that has been examined or
returned to reactors af ter several years of pool residence for a number of different domestic
and foreign nuclear plants. Times of spent fuel storage as high as 11 years and burnups as
great as 33,000 MJD/MTU were experienced. (The highest burnup was not necessarily of fuel with
the longest time of storage.) In no case was there any evidence of pool-induced corrosion or
other degradation.0

Spent fuel with cladding defect * has been stored, handled and reprocessed without substantial
problems. Methods have been developed to deal with defective fuel, such as enclosure in canis-

ters to isolate the fuel fran the pool water or providing hoods over the fuel to conduct any
released gases to the spent fuel pool building ventilation system. In the U.S. these measures
are seldom needed, the large majority of fuel being stored on the same basis as intact cladding.
An example is the GE Morris pool, where several hundred bundles having reactor-induced defects

are stored uncanned. The pool purification system maintains radiation levels in the pool at
about 4 x 10'4 C1/ml, which is below the required limit for occupational usage.

In an assessment made of the incidence of fuel damage during fuel handling accidents, nine fuel

handling incidents were identified for the period 1974-1976. Of these, only two resulted in gas
releases and only one registered any activity release.7 An incomplete effort to update the
survey failed to identify any additional accidents as of early 1978.8

3.1.4 Further Study

Corrosion ef fects that might occur af ter longer storage periods need to be examined in much

greater detail so that effects such as accelerated corrosion, microstructural changes, or alter-
ations in mechanical properties can be determined. Other areas of spent fuel storage that need
further exploration are stress corrosion cracking, intergranular corrosion, and hydrogen absorp-
tion and precipitation by the zirconium alloys af ter long tenn storage. Both industry and NRC
will continue to monitor storage experience. If unexpected long term material problems develop,
there will be ample opportunity to take corrective action.

3.2 DRY STORAGE

Literature data are available about the corrosion effects on Zircaloy and stainless steels when
in contact with an environment of air.2-6 Experience has shown that stainless steel exhibits

excellent resistance to corrosion. Zirconium will react somewhat with the constituents of air
at higher temperatures; however, as the temperature in the air-cooled storage facility is
controlled, no unusual corrosion is expected.

q
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3.2.1 Co rros ion

Several alternatives for the dry storage of spent LWR fuel require cooling by air. Air cooling
of unpackaged spent fuel exposes stainless steel and Zircaloy-clad spent fuel elenents to air
tenperatures in excess of 90*C but less than 315'C. Storage of austenitic stainless steel-clad
fuel elements in air at these temperatures is no problem if the presence of contaminants such as

halogens and heavy metals is minimized. This steel has been used for architectural purposes for
over 30 years with no unusual corrosion. Type 304 stainless steel has sustained tenperatures as
high as 815'C with an oxidation rate of only 2 x 10-3 cm/yr.2

At roon temperature, zirconium is extremely unreactive with the several gases present in air and
will stay bright indefinitely. At elevated temperatures, zirconium reacts with oxygen and
hydrogen, and at somewhat higher temperature it reacts with nitrogen.

Noticeable Zircaloy oxidation has been observed at temperatures above 50*C, but oxidation ceases
when a thin layer of the reaction product covers the surface. Nevertheless, the stability of
the surface oxide decreases with increasing temperature. The reaction of Zircaloy with oxygen
at about 205'C has a rapid initial reaction; once a thin film is built up, it follows a parabolic

2
growth rate. At 205'C the weight gain reaches an equilibrium value of 2 ag/cm af ter two hours

2
exposure to 0 . At 427'C the weight gain is 80 og/cm after two hours exposure.

2

Hydrogen reacts with Zircaloy at temperatures between 302*C and 399'C and is liberated at tempera-

tures above 802*C.

2 addi-Nitrogen reactions with Zircaloy occur at temperatures greater than 399'C, where 2 umg/cm
tional weight has been measured af ter two hours of exposure to N '2

At a temperature of 824*C, the weight gain due to a two-hour exposure to nitrogen is 80 pg/cm .
Extrapolation of rates of oxidation of Zircaloy between 357'C and 499*C yields a wall thickness
decay rate of 2.5 x 10-3 cm/yr at 100*C. A rate of 2.5 x 10~4 cm/yr was obtained on zirconium

that was heated in air for 2800 hours at 205'C.2

Since the reaction products are soluble or partly soluble in the metal when zirconium is reacted
with air, certain mechanical properties of the metal might conceivably change. There are,
nonetheless, several factors which suggest that the zirconium does have good oxidation resistance

during long tem storage in an air environnent. They are:

(1) High melting point (1,852*C)
>

(2) High melting point of oxide (2,677'C)
(3) Low volatility of oxide
(4) High degree of themal stability of oxide
(5) Possible fomation of continuous oxide film since the specific volume ratio of the

oxide to metal is greater than one

Some of the unfavorable factors are- v D d, G.Z.G
,

(1) The metal reacts to fom nitrides, hydrides, and carbides.
(2) The oxide is ' soluble at elevated temperatures in the metal.

(3) The oxide Zr02 undergoes crystal-structure transfomations at high temperatures
(above 1000*C)
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3.2.2 Experience

Most air-cooled storage concepts are still in the planning stage; however HTGR fuels are stored
in closed but unsealed packages in below ground sealed canisters at the INEL facility near Idaho
Fall s.12 Also, the Canadians have had some experience in air-storage of CANDU spent fusl.

Neither source has reported any significant corrosive effects on Zircaloy or stainless steels.
Research on the deve'opment of dry storage for LWR spent fuel is also being conducted by the
U.S. Department of Energy at its Nevada Test Site."

Stainless steels have been a najor constituent of the architectural and construction industry
for over 30 years and are used in most building applications. They have proven to have excellent
resistance to corrosion by air.

3.2.3 Further Study

Further study is needed to find if tenperature control is necessary to prevent corrosion when
long tem air storage alternatives for spent LWR fuel are employed.
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APPENDIX I

SPENT FUEL STORAGE REQUIREMENTS FOR HIGHER

PROJECTED NUCLEAR GENERATING CAPACITY

Appendix ! addresses spent fuel storage requirements for a projected nuclear power generating
capacity of 280 GWe in the year 2000. The staff believes that the lower projected capacity
(230 GWe) used in Volume 1 is more reasonable, but the higher capacity projection provides
a basis for analysis of the sensitivity of spent fuel generation and storage requirements
to increases in projected nuclear power generating capacity.

Tables in this appendix are structured similar to those in Chapters 1, 2 and 3 of Volume
1 and are identified accordingly.*

*The effects of recent reactor basin expansion applications for the Oconee Unit 1 & 2 basin,

for the Big Rock Point basin, and for the Hatch I & 2 basins are not included in these tables.
See Vol. 2 Appendix F Table F.8, footnote b.
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Table I-1.1. Sumary of Away-fron-Reactor (AFR) Storage Requirenents'

Alternative 1 Alternative 2 Alternative 3
With FCR Without FCR With FCR Without FCR With FCR Without FCR

Year requiring AFR
storage 1979 1980 1982 1985 2000 > 2000

AFR requirements.
1985, fiTIN 2,200 900 450 30 0 0

AFR requirements,
2000, MTFN 30,000 23,000 25,000 16,000 2,300 0

8
280 GWe, i.e., 280 GWe installed and 246 GWe discharging in year 2000.

Table I-l.2. Nuclear Generating Capacity Installed and
Discharging Spent Fuel for Each Year, 1979-2000

(based on 280 GWe generating capacity
installed in the year 2000)

Capacity Installed, Capacity Discharging.
Year GWe GWe

1979 60 48
1980 71 48
1981 81 51
1982 91 60
1983 101 71
1984 111 81
1985 121 91
1986 131 101
1987 141 111
1988 151 121
1989 161 1 31
1990 171 141
1991 182 151
1992 193 161
1993 204 171
1994 215 182
1995 226 193
1996 236 204
1997 246 215
1998 258 226
1999 269 236
2000 280 246

b b e3 M O
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Table I-2.1. Annual and Cumulated Schedules of Spent Fuel Discharge
(based on 280 GWe generating capacity installed in the year 2000)

GWe Capacity Annual MTHM Cumulated MTHM
Spent Fuel Ofschargeda8

Year Discharging Spent Fuel Discharged

1979 46 1420
1980 48 1520 2,950

1981 51 1640 4,600

1982 60 1940 6,500

1983 71 2220 8,700

1984 81 2450 11,200

1985 91 2680 13,900

1986 101 2960 16,80)
1987 111 3230 20,000

1988 121 3550 23,600

1989 131 3830 27,400

1990 141 4?00 31,600

1991 151 4300 36,000

1992 1 61 4620 40,600

1993 171 4940 45,500

1994 182 5190 50,700

1995 193 5500 56,200

1996 204 5780 62,000

1997 215 6080 68,100

1998 226 6480 74,600

1999 236 6820 81,400

2000 246 6960 88,400

'Does not include s 4700 MTHM of spent fuel discharged prior
to 1979 and stored AR and AFR at the end of 1978.

Table I-2.2. At-Reactor Storage Capacity, 280 GWe Installed in Year 2000,
With and Without FCR

hnstal e Maximum Basin Storage Capacity, MTFfij
Year GWe Without FCR With FCR

1979 60 27,720 22,740
1980 70 32,110 26,300
1981 80 35,180 28,750
1982 90 39,110 32,180
1983 100 42,610 35,230
1984 110 46,750 38,740
1985 120 50,690 42,310
1986 130 54,630 45,650
1987 140 58,560 49,590
1988 150 61,810 52,680
1989 160 65,570 55,760
1990 170 69,200 58,560
1991 181 73,040 62,150
1992 192 76,890 65,900
1993 203 80,900 69,130
1994 214 84,910 72,120
1995 225 88,930 75,110
1996 236 92,940 78,100
1997 247 96,950 81,090
1998 258 100,990 84,150
1999. 269 104,890 87,200
2000 280 108,940 90,250

3GR2O
I-3



.

Table I-3.1. Away-from-Reactor (AFR) Storage Requirements with
No Transstipment, 280 GWe Installed in Year 2000

With and Without FCR

Installed AFR Capac Hy
Generating Pool Full Core Cunulated Required, MTHM
Capacity,a Capacity,b Reserve, Discharges,a Witg WithoutYear GWe MTHM MTHM MTHM FCR FCRb

1979 60 28,000 5,000 1,400 40 01980 70 32,000 5,800 2,900 140 101981 80 35,000 6,400 4,600 310 1101982 90 39,000 6,900 6,500 520 2401983 100 43,000 7,400 8,700 880 3601984 110 47,000 8,000 11,000 460 5501985 120 51,000 8,400 14,000 2,150 9201986 130 55,000 9,000 17,000 2,940 1,4001987 140 59,000 9,000 20,000 3,840 2,0401983 150 62,000 9,100 24,000 4,670 2,7101989 160 66,000 9,800 27,000 5,690 3,4901990 170 69,000 10,600 32,000 6,780 4,3301991 181 73,000 10,900 36,000 7,950 5,2801992 192 77,000 11,000 41,000 9,390 6,31 01993 203 81,000 11,800 46,000 11,000 7,6001994 214 85,000 12,800 51,000 12,800 8,9701995 225 89,000 13,800 56,000 14,950 10,6001996 236 93,000 14,800 62,000 17,400 12,5001997 247 97,000 15,900 68,000 20,200 14,7001998 258 101,000 16,800 75,000 23,300 17,3001999 269 105,000 17,700 81,000 26,400 20,2002000 280 109.000 18,700 88,000 29,800 23,200
a
Does not include s 4700 MTHM in storage as of December 31, 1978, both AR and AFR.

b
Includes s 4300 MTHM in AR storage as of December 31, 1978.

g y o m >-]a v a w .. .
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Table I-3.2. Generating Capacity (GWe) Running out of Spent fuel Storage Capacity Each Y?ar,
1979 through 2000, with and without FCR

(based on 280 CWe generatin9 capacity installed in the year 2000)

Gwe with FCR GWe without FCR

Alternative 1 Alternative 2 Alternative 1 Alternative 2

Each Each Each Each

Year Cumulated Year Cumulated Year rumulated Year Cumulated Year

1979 3 3 0 0 0 0

1980 4 1 0 3 3 0

1981 6 2 0 4 1 0

1982 7 1 2 2 4 0 0

1983 14 7 6 4 4 0 0

1984 19 5 8 2 9 5 0

1985 21 2 10 2 12 3 2 2

1986 24 3 13 3 17 5 3 1

1987 26 2 16 3 19 2 4 1

1988 28 2 14 -2a 21 2 10 6

1989 30 2 15 1 24 3 12 7

1990 32 2 17 2 25 1 11 -la
1991 39 7 25 8 29 4 12 1

1992 41 2 30 5 30 1 12 0

1993 50 9 36 6 37 7 26 14

1994 55 5 53 17 42 5 34 12

1995 66 11 55 2 50 8 36 2

1996 82 16 74 19 61 11 51 15

1997 92 10 88 14 69 8 70 19

1998 97 5 126 38 83 14 82 12

1999 103 0 140 14 91 8 106 24

2000 112 9 160 20 100 9 1 31 25

'Because of additional storage space becoming available, reactors that had been out of
storage space are able to resume operation, resulting in a negative number,

s

Table I-3.3. Cumulated Increase in Storage Capacity in Years 1993-2000
from Unnamed, Unsited Reactors

(based on 280 GWe generating capacity installed in year 2000)

Number of Pla g Cumulated Increase in Storage Capacity (MTHM)
Year BWR PWR With FCR Without FCR

1993 3 4 2,400 3,200
1994 3 6 5,300 7,200
1995 3 6 8,300 11,000
1996 3 6 11,000 15,000
1997 3 6 14,000 19,000
1998 3 6 17,000 23,000
1999 3 6 20,000 27,000
2000 3 6 23,000 31,000
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Table I-3.4. Fuel Usage Sumary Report for 280 GWe Capacity
with Full Core Reserve (MTHM)

Alt. 1 Alt. 2 Alt. 3
AFR Req., AFR Reg., Storage Reserve,

Cunulated No Intrautility Unlimited Gigawatts
Annual Di scharges Transshipment Transshipment Transshipment Discharging

Year Discharges (3) (2,4,5,6,9) (4,5,6,7,8) (1,4,5,6) (10)

1979 1420 1,420 -40 17,000 46
1980 1520 2,940 -140 19.000 48
1981 1640 4.580 -310 20,000 51
1982 1930 6,520 -520 -30 21.000 60
1983 2210 8,730 -880 -70 22,000 71
1984 2440 11,180 -1,500 -320 23,000 81
1985 2670 13,860 -2,200 -450 24,000 91
1986 2950 16,810 -2,900 -760 25,000 101
1987 3220 20,040 -3,800 -1,300 25,000 111
1988 3540 23,590 -4,700 -1,400 25,000 121
1989 3830 27,420 -5,700 -1,800 24,000 131
1990 4190 31,620 -6,800 -2,300 23,000 141
1991 4360 35,980 -8,000 -3,000 22,000 151
1992 4620 40,610 -9,400 -3,800 21,000 161
1993 4930 45,540 -11,000 -4,900 19.000 171
1994 5180 50,730 -13,000 -6,300 17,000 182
1995 5490 56,230 -15,000 -8,100 15.000 193
1996 5780 62,010 -17,000 -10,000 12,000 204
1997 6070 68,090 -20,000 -13,000 8,800 215
1998 6480 74,570 -23,000 -16,000 5,300(11) 226
1999 6820 81,400 -26,000 -20,000 1,600 236
2000 6950 88,360 -30,000 -25,000 -2,400 246

1 Assumes all spent fuel storage space would be available to any reactor requiring it.
2 Assunes reactors requiring storage could use only that space available at that reactor or
at its site.

3 Does not include s 4700 MT in storage, both AP and AFR at end of December 1978.
4 Includes s 4700 MT in storage at end of December 1978.

5 Negative numbers mean AFR storage required. Positive or no number means no AFR gtoragerequired.

6 For sites with multiple reactors, spent fuel storage from installation of tne second or
additional reactors is not made available until fuel loading date has occurred.

7 Assumes all reactors within a given utility system can be used to store spent fuel from
any reactor within that same utility system.

8 Includes only those reactors presently operating, planned, or under construction,
9 Reference case.

10 Corresponding installed GWe are 280 in year 2000.
11 Includes effect of additional storage from unnared and unsited reactors.

_
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Table 1-3.5. Fuel usage Sumary Report for 280 GWe Capacity
without Full Core Reserve (MTHM)

Alt. 1 Alt. 2 Alt. 3
AFR Req., AFR Reg., Storage Reserve

Cunulated No Intrautility Unlimited Gigawatts

Annual Di scharges Transshipment Transshipment Transshipment Oi scharging

Year Discha rges (3) (2,4,5,6,9) (4,5,6,7,8) (1,4,5,6) (10)

1979 1420 1,420 22,000 46

1980 1520 2,940 -)q 25,000 48

1981 1640 4,500 -110 26,000 51

1982 1930 6,520 -240 28,000 60

1983 2210 8,730 -360 30,000 71

1984 2440 11,180 -550 31,000 81

1985 2670 13,860 -920 -30 33,000 91

1986 2950 16,810 -1,400 -130 34,000 101

1987 3220 20,040 -2,000 -260 18,000 111

1988 3540 23,590 -2,700 -440 34,000 121

1989 3830 27,420 -3,500 -800 34,000 131

1990 4190 31,620 -4,300 -1,100 33,000 141

1991 4360 35,980 -5,300 -1,500 33,000 151

1992 4620 40,610 -6,300 -2,000 32,000 161

1993 4930 45,540 -7,600 -2,600 31,000 171

1994 5180 50,130 -9,000 -3,500 30,000 182

1995 5490 56,230 -11,000 -4,700 28,000 193

1996 5780 62,010 -13,000 -6,200 27,000 204

1997 6070 68,090 -15,000 -8,000 25,000 215

1998 6480 74,570 -17,000 -10,000 22,000(11) 226

1999 6820 81,400 -20,000 -13,000 19.000 236

2000 6950 88,360 -23,000 -17,000 16,000 246

1 Assumes all spent fuel storage space would be available to any reactor requiring it.
2 Assunes reactors requiring storage could use only that space available at that reactor or
at its site.

3 Does not include s 4700 MT in storage, both AR and AFR at end of December 1978.

4 Includes s 4700 MT in storage at end of December 1978.

5 Negative nunbers rean AFR storage required. Positive or no number means no AFR storage
required.

6 For sites with multiple reactors, spent fuel storage from installation of the second or
additional reactors is not made available until fuel loading date has occurred.

7 Assumes all reactors within a given utility systen can be used to store spent fuel from
any reactor within that same utility systen.

8 Includes only those reactors presently operating, planned, or under construction.
9 Reference c ;e.

10 Corresponding installed GWe are 280 in year 2000.
11 Includes effect of additional storage from unnamed and unsited reactors.
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APPENDIX J

PHYSICAL PROTECTION REQUIREMENTS AND HYPOTHETICAL SABOTAGE EVENTS

M A SPENT FUEL STORAGE FACILITY

1.0 PHYSICAL PROTECTION REQUIREMENTS

1.1 Legal Basis

NRC responsibility for nuclear security derives from the Atonic Energy Act of 1954, as amended
and from the Energy Reorganization Act of 1974, which provides that "all licensing and related
regulatory functions" of the Atomic Energy Commission be transferred to the NRC, The Atonic
Energy Act eglicitly authorized the AEC to set standards and impose regulatory controls over
aclear naterials in order to " promote the connon defense and security or to protect health or

to mir.imize danger to life or property."

The essentials of the safeguards systen fomulated by the AEC and now implemented by the NRC are

found in regulatory requirements. Supplementary inforwation appears in various Regulatory Guides
issued to assist applicants in complying with these regulations.

1.2 Summary of Safeguards Requirements for Irradiated Reactor Fuel at Fixed Sites

A physical protection plan must be submitted by each license applicant to the NRC for approval,
based on compliance with the features listed below.

Physical Security Organization. The licensee must maintain a physical security organization,
including armed guards, to protect his facility against industrial sabotage. At least one super.
visor of the security organization must be onsite at all times. The licensee must establish,
maintain, and follow written security procedures which document the structure of the security
organization and which detail th : duties of guards, watchmen, and other individuals responsible
for security. All guards or wa'.chmen must be properly trained, equipped, qualified, and requali-
fied at least annually.

Physical Barriers. All " vital equipment", which is defined as any equipnent, systen, device, or
material whose failure, destruction, or release could directly or indirectly endanger public
health and safety, nust be located within a separate structure or barrier desigmsted as a " vital
area". All vital areas must be located within a large protected area which is surrounded by a
physical barrier. An isolation zone is required around the outer physical barrier and it must
be kept clear of obstructions, illuminated, and monitored to detect the presence of individuals
or vehicles attempting to gain entry to the protected area and to allow response by arred nen-
bers of the facility security organization to suspicious activity or to the breaching of any
physical barrier.

9iur e.h. #



A_ccess Controis. Personnel and vehicle access into a protected or vital area must be controlled.
A picture badge identification system must be used and visitors must be registered and escorted.
Individuals and packages entering the protected area are required to be searched. Admittance to
a vital area must be controlled and access limited to persons who require such access to perfom
their duties. Keys, locks, ccmbinations, and related equipment are required to be controlled to
minimize the possibility of compromise.

Intrusion Alams. All emergency exits in the protected area and vital areas e"st be alamed.
Each unoccupied vital area must be locked and alamed. All alams must annunciate in a continu-
ously manned central alam station located within the protected area and in at least one other
continuously manned station. All alams must be self-chicking and tamper-indicating and in-
spected and tested for operability and required functiona1 perfonnance at specified intervals
not to exceed seven days.

Connu nica tions . Each guard or watchman on duty must be capable of maintaining continuous com-
munications with an individual in a consinuously canr4d cent-cl alam station within the pro-
tected area and who must be capable of calling for assistance from other guards and fran local
law enforcement authorities. To provide the capability of continuous communication with local
law enforcement authorities, two-way radio voice concunication rust be available in addition to
conventional telephone service. All cumunications equipment must remain operable fran inde-
pendent power sources in the event of loss of primary power, and must be tested for operability
and perfomance at least once at the beginning of each security personnel work shif t.

Response Capability. Licensees must establish liaison with local law enforcenent cuthorities

and be prepared to take inmediate action to neutralize threats to the facility. Such action may
mean appropriate direct action on the part of the licensee, a call by the licensee for assist-
anCe from local law enforcenent authorities, or both.

Records. Security records must be maintained of all individuals authorized access to vital and
material access areas, including visitors, vendors, and others not employed by the licensee.
Routine security tours, and all of the tests, inspections, and maintenance on security-related
equipnent and structures must be documented. A record must be maintained on each alam, false
alam, alam check, intrusion indication, or other security incident, to include the details of
response by facility guards.

Reports to NRC. Attempt's or acts of industrial sabotage must be reported immediately to NRC,
followed by a written detailed report within 15 days.

2.0 HYPOTHETICAL SAB0TAGE EVENTS IN A SPENT FUEL STORAGE FACILITY

2.1 Introduc ti on

The NRC staff is uneble to detemine the quantitative likelihood of a hypothetical malevolent
act being successfully perfomed by an adve; sary group. Instead, a group of selected reference

events have been assumed to occur in order to establish a range of potential effects that might
be caused by deliberate acts. The consequences corresponding to these reference events were

calculated on a per-fuel-element basis, thus allowing the results to be extrapolated to possibly~
include massive destructive acts and thereby develop an upper bound on estimates of potential
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conseque x as, regardless of the plausability of the attenpted acts. During the course of the
analyses conducted to date,1,2 calculations were made for single-assembly releases and for
releases involving the maximum number of assemblies that may be accessible in any one area of
the facility. When an intemediate number of assemblies is involved, estimates of the number of
assenblies potentially affected were based upon feasibility argunents related to pnysical con-
straints imposed by the initiating event (e.g., the amount of explosives that can be inserted
between adjacent assemblies).

The facility design used in the following event descriptions is based upon a fuel receiving and
storage facility currently in the planning stage that encompasses a conventional basin storage
pool, identical to those presently in use, but also involves an in-air cask unloading concept.
Although existing ISFSI designs utilize underwater cask unloading schenes, the events postulated
to occur in the cask-unloading cell (CUC) nay be applicable to analogous sabotage events involv-

ing the renoval and in-air damage of fuel assemblits during the cask receiving and washdown pro-
cesses conducted prior to underwater unloading.

2.2 Damage to Fuel Assemblies in the Cask-Unloading Cell

Three scenarios postulated for this event are detailed below.

Mode 1. This mode assumes that between 1 and 20 fuel assemblies undergo extensive damage by

nechanical means in the air space of the cask-unloading cell (CUC). Fuel rod claddings in up to
20 assemblies are broken. The ventilation air flow through the CUC remains at the norma! rir

exchange rate of the postulated facility, namely six volunes per hour. The exhaust flow passes
through the final filter systen (four parallel banks of a roughing filter backed up by two HEPA
filters in series) and is then discharged from the 50-neter-high facility stack.

While an adversary may use the crane in the low-level waste processing cell to remove one of the
hatches to gain entry to the CUC in order to place explosive charges in such position as to
damage several fuel assemblies, the high radiation levels in the CUC due to the spent fuel nake
it more plausible that the assemblies would be damaged from outside, using the relate crane and
manipulators in the CUC frm the adjacent CUC control roon. In either case, however, it is
postulated that the upper limit to the number of assenblies which may be damaged in the CUC is
the contents of two casks (20 PWR assemblies) which may be open and partially unloaded at the

time that the adversary action commences.

In order to maintain the ventilation flow, it is postulated that the adversaries commandeer the
central control room and hold it for a period of approximately one-half hour in order to prevent
the ventilation fans from being turned of f.

Mode 2. This node is identical to that of Mode 1 with the exception that the final filters are
assumed to be damaged sucn that they are completely ineffective, the ventilation fans remaining
operational . Thus, in addition to the sequence of events postulated under Mode 1, it is assumed
that an adversary enters the ventilation building in order to remove or rupture the HEPA filters.

Mode 3. This mode is identical to that of Mode 1 with the exception that the air flow leaving
the CUC is assumed to discharge directly to the atmosphere unfiltered at ground level. This may
be accomplished by the breaching of the facility stack at its base along with the renoval or
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rupture of the HEPA filters in the ventilation building; or by reversing the ventilation fans to
create a positive pressure inside the CUC' and penetrating an outside wall of the CUC to allow
the escape of contaminants. The penetration of two opposing walls of the CUC is not considered
a credible event within the design constraints of the postulated facility, thus making a natural
ventilation release similar to that described for Mode 3 of the spent fuel storage pool event
(see below) impossible.

2.3 Mechanical Damage to Fuel Assemblics in the Spent Fuel Storage Pool

Four scenarios postulated for this event are detailed below.

Mode 1. In this mode, between 1 and 1000 assemblies undergo extensive damage by high-explosive
charges underwater in the spent fuel storage pool (SFSP). All fuel rod claddings in the assen-
blies are broken and contained gases are released to the pool water, whereupon they bubble 'o
the surface and release to the building volune. The entire process occurs at ambient pool eter
tempera tu re. The ventilation air flow through the building space above the pool is maintair/d
at the nomal exchange rate of six volunes per hour. The exhaust flow passes through the ,1nal
filter syste, (four parallel banks of a roughing filter backed up by two HEPA filters in series)
and is then discharged fran the 50-meter-high facility stack. In order to maintain the venti-
lation flow, it is postulated that the adversaries commandeer the central control roan and hold
it for a period of approximately one-half hour in order to prevent the ventilation fans from
being tu rned of f.

It is postulated that all of the fuel rods of the affected assenblies suffer cladding rupture as
a result of mechanical damage to the assemblics inflicted by high-explosive charges placed within
the baskets. The number of assenblies which may be thus damaged depends upon the quantity of
expl W ive which is introduced into the pool. It was determined analytically that only those
asse,blies directly adjacent to the explosive may be breached by a well-placed explosive charge.
The ninimum size of the explosive charge required to damage all four adjacent assemblies limits
to three the number of such charges which may be carried by a single adversary. Thus, for exam-
ple, if the adversary force has two persons carrying explosives into the SFSP area, the maximum
number of assemblies which may be damaged is 24 The staff considers 1000 assemblics being ex-
tensive 7y damaged as a worst-case bounding estimate useo to ascertain the order of magnitude of
potential consequences under extrene circunstances (affecting all assemblies of a 500-MTV-
capacity pool).

Mode 2. This mode is identical to that of Mode 1 with the exception that the final filters are
assuned to be damaged such that they are conpletely inef fective, the ventilation fans remaining
operational. Thus, in addition to the sequence of events postulated under Mode 1 it is assumed
that an adversary enters the ventilation building in order to renove or rupture the HEPA filters.

Mode 3. This mode is the sane as for Mode 1 with respect to the events which take place within
the SFSP area and the cmount of radioactivity which is thus released to the building air. How-

ever, it is assumed that the nomal ventilation systen is completely disabled, and that openings
are created in opposite walls of the SFSP building such that prevailing winds can effectively
flush the contaminated air from the buildings at groand level without filtration. This assumes
that the adversaries enter the central control room or ventilation building in order to turn off
or otherwise disable the ventilation fans, and that they breach two opposite walls in the SFSP
building using explosives or other meant
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Mode 4. This scenario is identical to that of Mode 1 with respect to the air release of radio-
nuclides. This scenario also assumes that the adversaries use an additional explosive charge or
other mechanical means to breach the 3/16-in steel pool liner and 5-ft concrete floor so that
contaminated pool water may leak into the ground. Leaching of radionuclides from the exposed
fuel by the pool water, together with the portion of the gap activity that is dissolved in the
water, forms a radionuclide source which is released to the underlying soil via the water leak.
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