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PHYSTCAL CHARACTERISTICS
OF GE BWR FUEL ASSEMBLIES

R. §. Moore and K. J. Notz

ABSTRACT

The physical characteristics of fuel assemblies manufactured
by the General Electric Company for Boiling-water reactors
are classified and described. The classification into
assembly types is based on the GE reactor product line, the
Characteristics Data Base (CDB) assembly class, and the GE
fuel design. Thirty production assembly types are
identified. Detailed physical data are presented for each
assembly type in an appendix. Descriptions of special
(nonstandard) fuels are also reported.

1. INTRODUCTION

The Characteristics Data Base (CDB) of potential repository wastes
contains the physical, chemical, and radiological characteristics and
quantities of spent fuel, high-level waste, and other radicactive wastes
that may require long-term isolation.’? An important part of this data
base is the physical description of the various types of LWR fuel
assemblies. .

For those fuel assemblies manufactured by Advanced Nuclear Fuels
(formerly Exxon), Babcock & Wilcox, Combustion Engineering, and
Westinghouse, this information was obrained directly from those vencors
via a series of subcontracts. Efforts to place a similar subcontract
with General Electric (GE) were not successful. Therefore, to obtain
the needed information for GE fuel assembly types, an in-depth
literature and docket search was undertaken. This report documents the

results of that search.



The systematic classification and description of GE fuel assemblies
for boiling-water reactors (BWRs) is more complex than for pressurized-
water reactors for two major reasons: (1) a given BWR reactor or
assembly class can use more than one array size and (2) GE fuel designs
that have eveclved over time can be and are used in more than one GE
product line. These product lines have also evolved, but on a different

time scale. The organizational approach of this report is as follows:

GE PRODUCT LINES ave designated as BWR/1, BWR/2, BWR/3, BWR/4,
BWR/5, and BWR/6. Each product line, except BWR/1, designates a generic
reactor design with common characteristics. The BWR/1 line consists of
three reactors, each of which is one-of-a-kind in terms of major
assembly characteristics. The other product lines each include more
than one reactor with similar characteristics. Different product lines

distinguish evolving reactor designs.

CDB ASSEMBLY CLASSES are controlled by core configuration - the
basic fuel assembly envelope and controcl rod/blade configuration. Each
of the three BWR/]1 reactors constitutes a separate assembly class. On
the other hand, BWR/2 and BWR/3 product line reactors use nearly
identically sized assemblies and constitute one assembly class,
designated BWR/2,3. BWR/4, BWR/5, and BWR/6 product line reactors also
use nearly identically sized assemblies and constitute another assembly

class, designated BWR/4,5,6.

GE FUEL DESIGNS, designated as GE-1 (or early fuels), GE-2 (7x7),
GE-3 (improved 7x7), GE-4 (8x8), GE-5 (8x8 Retrofit), Prepressurized
(nominally GE-6), Barrier (nominally GE-7), GE-8, and GE-9, have evolved
separately from product lines. A fuel design can be used in more than

one product line.

The GE product line is focused on overall reactor design; the GE

fuel design is focused on the detailed assembly design. A fuel design



has a fixed array size. For reasons explained in the text, we have used
the terms "prepressurized" and "barrier" instead of GE-6 and GE-7.

Other fuel performance optimization factors include "lattice
types,” envichment variations, and burnable neutron absorbers, but these
do not alter the basic assembly characteristics. The lattice type,
which may be D, C, or §, relates to the spacing between the assembly and
the control blade. The burnable neutron absorbers and enrichment

variations are tailored to optimize fuel performance.



2. GENERAL DESCRIPTION OF GE FUEL ASSEMBLIES®

A GE fuel assembly, illustrated in Fig. 1, consists of a fuel
bundle and the channel that surrounds it. Although GE has made fuel
bundles with 6x6, 7x7, 8x8, 9x9, 1lixll, and 12x12 fuel rod arrays, /x/
and 8x8 fuels account for approximately 95% of the boiling-water reactor
(BWR) fuel discharged to date. The 6x6, 9x9, 11x11l, and 12x12 fuels
were all fuels used in BWR/1 reactors and are designated the "early
reactors fuel design." Advanced Nuclear Fuels, Inc. (ANF) has recently
introduced a 9x9 fuel design for GE's BWR/2-6 reactors. This ANF 9x9
fuel is not similar to the 9x9 fuels used at the BWR/1l reactor, Big Rock
Point.

GE's 7x7 and 8x8 fuels are also designed for BWR/2-6 reactors and
are designated as GE-2 (7/x7), GE-3 (improved 7x7), GE-4 (8x8), GE-5 (8x8
Retrofit), Prepressurized, Barrier, GE-8, and GE-9. (See Sect. 3 for
details of these fuel designs. Parameters for different fuel assembly
types are given in Appendix A.) The GE-2 (/x7) and GE-3 (improved /x7)
fuel bundles contain 49 fuel rods, one of which is segmented. The GE-4
(8x8) fuel bundle contains 63 fuel rods and one water rod. The GE-5
(8x8 Retrofit), Prepressurized, and Barrier fuel bundles contain 62 fuel
rods and two water rods. The GE-8 fuel bundles contain 2 to 6 water
rods and 58 to 62 fuel rods. No information is currently available on
GE-9 fuel bundles.

The rods of all 7x7 or 8x8 bundles are spaced and supported in a
square array by the upper and lower tie plates, as well as by fuel-rod
spacers. The lower tie plate has a nose plece whose function is to
support the fuel assembly in the reactor. The upper tie plate has a
handle for transferring the fuel bundle from one location to another.

An identifying assembly serial number is engraved on the top of the
handle with no two assemblies bearing the same serial number. A boss
projects from one side of the handle to aid in ensuring proper fuel
assembly orientation. Both upper and lower tie plates are fabricated
from Type-304 stainless steel. Zircaloy-2 fuel-rod spacers, equipped

with Inconel-X750 springs, are employed to maintain rod-to-rod spacing.
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Fig. 1. Schematic of GE fuel assembly. (Source: ref. 3)



Finger springs located between the lower tie plate and the channel are
utilized on some fuel assemblies to control the bypass flow through that
flow path.

2.1 FUEL RODS

Current fuel rods consist of high-density uranium dioxide fuel

pellets stacked within Zircaloy-2 cladding tubes. During fabrication,
the fuel rods are evacuated, backiilled with helium, then sealed with

Zircaloy-2 end plugs welded in each end. For the "Barvier", GE-8, and
GE-9 fuel designs, the cladding consists of the same base material
(Zircaloy-2) with an inner lining of pure zixconium. This lining or
"barrier" is mechanically bonded to the base material during
manufacture. The helium backfill pressure is 1 atm for the GE-2 (7x7),
GE-3 (improved 7x7), GE-4 (8x8), and GE-5 (8x8 Retvofit) fuel designs, 3
atm for the "Prepressurized" and "Barrier" fuel design, and 5 atm for
the G¥-8 and GE-9 fuel designs. The fuel pellets are manufactured by
compacting and siatering uranium dioxide powder into right cylindrical
pellets with flat faces and chamfered corners. Some pellets in early
fuels, GE-2 (7x7), and possibly GE-3 (improved 7/x7), are dished concave
on the faces.

Ceramic-grade uranium dioxide is chemically inert to the cladding
at operating temperatures and is resistant to attack by water. Several
U-235 enrichments are used in the fuel assemblies to level out the local
peak-to-average fuel rod power ratios. Selected fuel rods within each
reload bundle also incorporate small amounts of gadolinium oxide as a
burnable neutron absorber. Since Gdé& forms a solid solution with UOT
it is uniformly distributed throughout the fuel pellet.

The fuel-rod cladding thickness 1s adequate to be essentially free-
standing in the BWR environment. The pellet-to-cladding gap and the
plenum region at the top of the fuel rod accommodate thermal and
irradiation expansion of the U0, and the internal pressure resulting
froim the helium fill gas, impurities, and gascous fission products

liberated over the design life of the fuel. A plenum spring, or



retainer, is provided in the plenum space to minimize movement of the
fuel column inside the fuel rod during shipping and handling. In the
improved 7x7 design and later designs, a hydrogen getter is also
incorporated in the plenum space. This prevents chemical attack from
moisture or hydrogenous impurities inadvertently admitted inte a fuel
rod during manufacturing. The hydrogen getter consists of small chips
of & zirconium alloyé, loosely packed in a stainless steel tube. One
end of the tube is capped, and the other end is covered by wire
screening.

Two types of fuel rods are used in most fuel bundles: tie rvods
and standard rods. The tie rods in each bundle have lower end plugs
that thread ionto the lower tie plate casting and threaded upper end
plugs which extend through the upper tie plate casting. A stainless
steel hexagonal nut and locking tab are installed on the upper end plug
to hold the Fuel bundle together. These tie rods support the weight of
the bundle only during fuel handling operations when the assembly 1is
held by the handle. During reactor operation, the fuel assembly is
supported by the lower tie plate. Early fuel, GE-2 (7x7), and GE-3
(improved 7x7) fuel designs also contain a segnented fuel rod. This
sepgmented fuel rod was used to position the fuel-rod spacers, a function
currently performed by the spacer-capture water rod,.

The end plugs of the standard rods have shanks that fit into
bosses in the tie plates. An expansion spring is located over the upper
end plug shank of each rod in the assembly to keep the rods szeated in
the lower tie plate while allowing independent axial expansion by

sliding within the holes of the upper tie plate.
2.2 WATER RODS

The GE-4 (8x8) fuel bundle contains one water rod, and the GE-5
(8x8 Retrofit), Prepressurized, and Barvier fuel bundles contain two
water tods. The GE-8 design can contain from two to six water rods.
These rods are Zircaloy-2 tubes with several holes punched around the

circumference mnear each end that accommodate coolant flow. Three holes



are located at the bottom of the water rod, and eight holes are located

at the top.

One water rod in all 8x8 bundles positions the Zircaloy-4 fuel-rod

spacers axially. This spacer-positioning water rod is equipped with a

square bottom end plug and spacer positioning tabs that are welded to

the exterior. The rod and spacers are assembled by sliding the water

rod through the appropriate cell of the spacer with the welded tabs

oriented in the direction of the corner of the cell. The water rod is

then rotated so that the tabs are above and below the spacer structure.

Once in position, the water rod is prevented from rotating by the

engagement of its square, lower end plug with the lower tie plate hole.

2.3 CHANNELS

The BWR Zircaloy-2 fuel channel performs the following functions:

I~

forms the fuel bundle flow path outer periphery for bundle
coolant flow;

provides surfaces for control rod guidance in the reactor
core;

provides structural stiffness to the fuel bundle during
lateral loadings applied from fuel rods through the fuel
spacers;

minimizes, in conjunction with the finger springs and bundle
lower tie plate, coolant bypass flow at the channel/lower
tie plate interface;

transmits fuel assembly seismic loadings to the top guide
and fuel support of the core internal structures;

provides a heat sink during loss-of-coolant accident (LOCA);
and

provides a stagnation envelope for in-cove tuel sippins.

The channel is open at the bottom and makes a sliding seal fit on

the lower tie plate surface. The upper end of the fuel assemblies in a



four-bundle cell are positioned in the corners of the cell against the
top guide beams by the channel fastener springs. At the top of the
channel, two diagonally opposite corners have welded tabs, one of which
supports the weight of the channel from a threaded raised post on the
upper tie plate. One of these raised posts has a threaded hole. The
channel is attached using the threaded channel fastener assembly, which
also includes the fuel assembly positioning spring. Channel-to-channel
spacing is provided for by means of spacer buttons located on the upper
portion of the channel adjacent to the control rod passage area.

The fuel channel enclosing the fuel bundle has a square cross
section with rounded corners. For BWR/2, 3, 4, and 5 reactors, it has a
(nominal) inside width of 5.278 in. and 5.215 in. for BWR/6 reactors.
The nominal length of the fuel channel is 162.156 in. for BWR/2 and 3
reactors, 166.906 in. for BWR/4 and 5 reactors, and 167.36 in. for RWR/6
reactors. Channels for BWR/l reactors are sized to properly fit the
fuels for those reactors. Three types of channels having different wall
thicknesses (0.080 in., 0.100 in., and 0.120 in.) are currently in

production.

2.4 OTHER FUEL ASSEMBLY GOMPONENTS

The primary function of the fuel-rod spacers is to provide lateral
support for and maintain the spacing of the fuel rods, with
consideration of thermal-hydraulic performance, fretting wear, strength,
neutron economy, and fabrication requirements. The spacers are made of
Zircaloy-4; the springs in the spacer are Inconel X-750.

Finger springs are made of Inconel X-750 and are employed to
control the bypass flow through the channel-to-lower tie plate flow path
for some fuel assemblies, These springs have been used in the initial
core and reload fuel of one BWR/3 and all BWR/4, 5, and 6 plants. They
have also been employed with some reload fuel in additional BWR/2,3
plants. These finger spring seals, located between the lower tie plate

and the channel, provide control over the flow through this path due to
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channel wall deflections. The seals maintain a nearly constant flow
area as the channel wall deforms.

The upper and lower tie plates are stainless steel 304 and serve
the functions of supporting the weight of the fuel and positioning the
rod ends during all phases of opevation and handling. All BWR/4, 5 and
6 reactors and one BWR/3 (Pilgrim) will have two alternate path bypass
flow holes located in the lower tie plate. Other operating BWR/2Z,3
plants may or may not have similar bypass holes drilled. These holes

augment flow in the bypass region.
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3. CLASSIFICATION

The classification of GE fuel assemblies is complicated by the
development of new reactor product lines and changing fuel designs and
requirements. These factors have resulted in fuel assembly types with
both major and minor differences. This section cutlines the differences
in GE product lines, identifies the CDB assembly classes applicable to
GE reactors, describes GE fuel designs, and lists the fuel assembly

types that have been identified.

3.1 GE PRODUCT LINES

As GE has gained experience with BWRs since frheir introduction at
Dresden-1, many design changes have occurred in nuclear power reactors.
Reactors have increased greatly in size, both physically and in power
output. Power densities have increased, and economic factors have
changed. Over the years, GE has introduced six BWR product lines,
designated BWR/L1, BWR/Z, BWR/3, BWR/4, BWR/5, and BWR/6. These product
lines reflect major changes in the reactor design. Fuel changes have
sometimes been involved in these new product lines but have not always
been the driving force behind their introduction. Table 1 gives the
primary characteristics of the BWR product lines and a list of the
reactors in each product line that have been, are, or are expected to
be, operational in the United States.

These product lines encompass five different assembly
configurations, three for the BWR/1 series (one for each reactor), one
for the BWR/2 and 3 series, and one for the BWR/4, 5, and 6 series.
Because of the lengthy construction period for nuclear power reactors,
many of the advances introduced in later product lines have been
incorporated into reactors of earlier lines. For example, 8x8 fuel was
introduced as a BWR/6 feature, but 8x8 fuel has been used ag reload fuel
for all BWR/2, BWR/3, BWR/4, and BWR/5 reactors. In fact, 8x8 fuel was
used for the initial core loading in all BWR/5 plants and some BWR/4

plants.



Table 1.

12

GE BWR product lines and characteristics

Product First plant
line Announced Online Characteristics Plants
BWR/1 1955 1960 Initial commercial BWRs Big Rock Point
First internal steam Dresden-1
separation Humboldt Bay
BWR/2 1963 1969 First turnkey plant Nine Mile Point 1
Elimination of dual cycle Oyster Creek
BWR/3 1965 1970 First jet pump application Dresden-2,3
Improved emergency core Millstone 1
cooling system Monticello
Pilgrim
Quad Cities-1,2
BWR/4 1966 1972 Increased power density 20% Browns Ferry-1,2,3
Brunswick-1,2
Cooper
Duane Arnold
Fermi-2
Fitzpatrick
Hatch-1,2
Hope Creek
Limerick-1,2
Peach Bottom-2,3
Shoreham
Susquehanna-1,2
Vermont Yankee
BWR/5 1969 1982 Improved safeguards LaSalle-1,2
Valve flow control Nine Mile Point-2
WNP-2
BWR/6 1972 1983 8X8 fuel bundle Clinton
Added fuel bundles Grand Gulf-1
Improved recirculation Perry-1
system performance River Bend
Improved ECCS performance
Reduced fuel duty
Source: ref. 5.
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3.2 CDB ASSEMBLY CLASSES

With over 100 light-water nuclear reactors designed by four
primary vendors operating nationwide, and with reload fuel manufactured
by these vendors and additional suppliers, a wide variety of fuel
assembly types are In existence. The evolutionary nature of these fuels
further complicates attempts to describe and characterize them.

To facilitate the understanding of similarities and differences
between the fuel assemblies on a systematic basis, the CDB introduced

the "assembly class" concept.®

The CDB assembly class is determined by
the core configuration. Within a given class, there may be (and usually
are) multiple "assembly types." Twenty-two assembly classes for
commercial light water reactors have been identified. These assembly
classes are listed in Table 2. For a more detailed description of this
assembly classification scheme, see ref. 6.

For pressurized water reactors (PWRs), the assembly class is
determined by the reactor vendor, the fuel assembly size (length and
width), and the fuel assembly array size. The array size is an
important factor in PWRs because the location of the guide tubes in the
fuel assembly is determined by the locations of the control rods in the
reactor.

For BWRs, the assembly class is determined by the reactor vendor
and the fuel assembly size. Since BWRs use cruciform blades external to
the fuel assembly for reactor control, the fuel assembly array size can
change. Most, if not all, CGE-manufactured BWRs have, in fact, changed
array sizes one or more times since their startup.

Five CDB Assembly Classes are applicable to GE reactors. Each
BWR/1 reactor (Dresden-1, Humboldt Bay, and Big Rock Point) has uniquely
sized assemblies. Thus, each reactor is placed in a separate assembly
class. The assemblies for BWR/2 and BWR/3 plants avre all approximately
171 in. long and approximately 5.5 in. wide. All of these assemblies
are grouped into the GE BWR/2,3 assembly class. Likewise, the
assemblies for BWR/4, BWR/S5, and BWR/6 plants are all approximately 176
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Table 2. (DB assembly classes

Envelope
Length Widch Array sizes used
(in.) (in.)

Boiling-water reactors

Single reactor classes

Big Rock Point 82-84 6.5 11X11,9X9,12X12
Dresden-1 134 4.3 6X6,7X7
Elk River” 82 3.5 5X5
Humboldt Bay 95 4.7 6X6,7X7
Lacrosse’ 102 5.6 10X10
Multiple reactor classes
GE BWR/2,3 Reactors 171 5.4 7X7,8%X8,9X9
GE BWR/4,5,6 Reactors 176 5.4 7X7,8X8,9X9
Pressurized-water reactors
Single reactor classes
Fort Calhoun 147 8.1 14X14
Haddam Neck 137 8.5 15X15
Indian Point 1 138 5.3 13X14
Palisades 149 8.3 15X15
Saint Lucie 2 158 8.1 16X16
San Onofre 1 137 7.8 14X14
South Texas 1&2 199 8.4 17X17
Yankee Rowe 112 7.6 15X16,17X18

Multiple reactor classes

B&W 15x%15 166 8.5 15X15
B&W 17x17 166 8.5 17X17
CE 14x14 157 8.1 14X14
CE 16x16 178 8.1 16X16
WE l4xlé 160 7.8 14X14
WE 15x15 160 8.4 15X15
WE 17x17 160 8.4 17X17

"These BWRs were designed by Allis-Chalmers.

Source: ref. 6.



15

in. long and 5.5 in. wide and are grouped into the GE BWR/4,5,6 assenbly

class.

3.3 GE FUEL DESTGNS

Independently of the intvoduction of new reactor product lines, GE
has effected many design changes and improvements to thelr initial core
and cveload fuel. Some of these changes bave been introduced
individually; others have been introduced inte fuel assemblies in
combinations. For the most part, these changes have tepresented the
traditional method of describing GE fuel assemblies, regardless of the
variations within a single fuel design (length, active fuel length,
ete. ).

The term "fuel design" is used to designate particular design
changes in fuel which may apply to meore than one fuel assembly type.

For instance, the Optimized Fuel Assembly (OFA) is a Westinghouse fuel
design. Westinghouse manufactures OFA fuel for its reactors with 1l4x14,
15%15, and 17x17 fuel rod arrays. The features of each of these
assemblies are similar (all-Zircaloy grids, smaller diameter fuel rods,
removable bottom nozzles, etec.), even though the fuel assembly types
belong to differeont assembly classes.

In order to provide for the identification of different fuel
designs, CGE established a numbering system that is used with fuels of
recent design. Although allowance was made within the system to
accommodate historical fuels, older fuels are not generally known or
described by this system. In this report, we use the GE numbering
system, followed by the more commonly used designator in parenthesis. A
summary of GE fuel dezigns is given in Table 3.

Fuels developed before 1969 are desipgnated GE-1. These early
fuels have been used only in BWR/1l product line reactors (Dresden-1, Big
Rock Point, and Humboldt Bay).

The original fuel assemblies for BWR/Z, some BWR/3, and some BWR/4

reactors are fuel design GE-2 (7%7). These assemblies have a fuel rod
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Table 3.

GE fuel designs

Year Introduced

Where Used

Description

Early Fuels
(GE-1)

GE-2

GE-3

GE-4

Prepressurized

(GE-6 & GE-7)

Barrier
(GE-6 & GE-7)

GE-8

GE-9

First Use: 1959
Continuing at Big
Rock Point

First Use: 1969

l.ast Discharge: 1979

First Use: 1972

last Discharge: 1982

First Use: 1974
Monticello;Quad Cities-1
Last Discharge: 1986

First Use: 1975
P. Bottom-2; V. Yankee

First Use: 1977
Peach Bottom-2

First Use: 1979
Quad Cities-1

First Use: 1981
Brown Ferry-3

First Use: 1987

Hatch-1

Dresden 1
Hum. Bay
Big Rock

BWR/2
BWR/3
BWR/4

BWR/2
BWR/3
BWR/4

BWR /2
BWR/3
BWR/4

BWR/2
BWR/3
BWR /4
BWR/S

BWR/2
RWR/3
BWR/4
BWR/5
BWR/6

BWR/2
BWR/3
BWR/4
BWR/5
BWR/6

BWR/2
BWR/3
BWR /4
BWR/S
BWR/6

Fuels for BWR/1
reactors

Original 7x7 Array

Improved 7x7 Array
Thicker cladding,
hydrogen getter,
chamfered pellets

Original 8x8 Array
Introduction of
water rod,

8x8 Retrofit
Two water rods,
natural uranium
blankets

axial

Retrofit fuel with
fuel rods pre-
pressurized to 3 atm
helium

Prepressurized Retrofit
fuel with zirconium
barrier on clad
interior.

Increased number of
water rods; larger
diameter fuel pellets;
higher stack density;
axial gadolinia

distribution; improved
upper tie plate; 5 atm
helium.

Undetermined; Suspected
single large water rod
and ferrule-type spacers
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diameter of 0.563 in. and a clad thickness of 0.032 in. The fuel
pellets for these assemblies are long (0.600 in.); some pellets in some
rods were dished. These fuel assemblies contain between 190 and 197 kg
initial heavy metal. The active fuel length is 144 in. [NOTE: One
group of 7x7 fuel assemblies, manufactured for Oyster Creek, Nine Mile
Point-1, and Millstone-1, have been at times considered to be fuel
design GE-1. Since the primary difference between these assemblies and
other GE-2 assemblies for BWR/2 and BWR/3 reactors is a slightly (0.007
in.) larger fuel rod, they are considered to be of the GE-2 fuel
design.]

In 1971, GE introduced fuel design GE-3 (improved 7X7) with
improvements designed to reduce or eliminate fuel failures due to
hydriding. This fuel was fabricated using thicker cladding (0.037 in.
vs. 0.032 in. in the original 7X7 fuel); increased cladding heat
treatment temperatures; shorter, chamfered fuel pellets; and a
hydrogen "getter" in the gas plenum region. The getter material is a
zirconium alloy in the form of small chips. These getter chips are
loosely packed in a stainless steel tube on which one end is capped and
the other end is covered by wire screening.3 The increased cladding
thickness of this fuel causes a decrease in the fuel pellet diameter
and, consequently, .the amount of uranium per assembly. The active fuel
length is 144 or 146 in. (the longer active fuel length was used only in
BWR/4 reactors).

In 1972, GE introduced the BWR/6 product line and fuel configuréd
in an 8X8 array. This fuel is fuel design GE-4. Because of the lengthy
times required for reactor construction and the rapidly advancing state-

.of-the-art of fuel design, GE-4 fuel was irradiated only in BWR/2,
BWR/3, and BWR/4 reactors. It has 63 Zircaloy-clad fuel rods and a
single Zircaloy water rod. The water rod in the center of the assembly
provides nonboiling water for neutron moderation. Because it also
serves as a spacer capture rod, the water rod eliminated the need for
the segmented fuel rod used in the 7X7 fuel designs. The fuel rod
diameter is 0.493 in. The active fuel length is 144 or 146 in. (the

longer active fuel length was used only in BWR/4 reactors).
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In 1976, GE introduced four lead test assemblies (LTA) of GE-5
(8%8 Retrofit) fuel at Peach Bottom-2. This fuel design introduced a
second water rod and natural uranium blankets to reduce axial neutron
leakage. The active fuel lengths of retrofit fuel are somewhat longer
than the earlier fuels. For BWR/2 and BWR/3 reactors, the active fuel
length, including the natural uranium blankets, is 145.24 in. The
active fuel length for BWR/4, BWR/5, and BWR/6 reactors, also including
the blankets, is 150 in.

In the spring of 1977, an LTA containing 24 prepressurized fuel
rods was inserted in Peach Bottom-3. These fuel rods were evacuated and
filled with helium to a pressure of 3 atm. This prepressurization
decreased fission gases released from the pellets and reduced pellet-
clad interaction (PCI) by improving heat transfer within the fuel rod.
This 8X8 assembly also incorporated the features of GE-5 fuel.

In 1979, the first LTAs of barrier fuel were irradiated at the
Quad Cities-1 reactor. Barrier fuel was introduced by GE as an answer
to the PCI fuel failure mechanism. It is essentially prepressurized
fuel with a pure zirconium layer on the interior of the Zircaloy
cladding. This layer is mechanically bonded to the cladding and
constitutes approximately 10% of the cladding thickness. Since pure
zirconium is softer than Zircaloy, the barrier material effectively
inhibits PCI crack formation.

Special barrier bundles with envichment distributions designed to
increase local power peaking of individual fuel rods were inserted in
the Quad Cities-2 for cycle 6 operations in December 1981. This enabled
the ramping of a limited number of fuel rods to significantly higher
linear heat generation rates (LHGRs) than normally possible. This
feature was desirable for the in-core power ramping at the end of cycles
6 and 7, which demonstrated the resistance of this fuel to PCI. Barrier
fuel was offered commercially by GE beginning in 1983. By 1986, GE
expected that 100% of the fuel produced at their Wilmington, North
Carolina, would be barrier fuel.’

Prepressurized fuel and barrier fuel do not correspond exactly to

the fuel designs that GE labels GE-6 and GE-/. Prepressurization 1s one
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change inherent in the GE-6 fuel design; others may also exist.
However, barrier fuel was apparently not the primary difference between
the GE-6 and GE-7 fuel designs since both barrier and non-barrier
versions of both fuel designs are known to exist (GE-6B and GE-/B have
barrier clad; GE-6 and GE-7 do not). For this reason, we have not used
the designations GE-6 and GE-7 for these fuel designs, but have called
these designs "Prepressurized" and "Bavrier"™ in Table 3.

LTAs of fuel degign GE-8 were inserted in the Brown's Ferty-3
reactor in 1981. This fuel design retained the 8X8 array size, but has
several mechanical and miclear improvements. Mechanical improvements
include increased pre-pressurization (to 5 atm) for increased exposure
capability, an increased pellet diameter (resultiog in a smaller pellet-
clad gap), & variable (2 to 6) number of larger diameter water rods,
single diameter upper end plug shafts, and a streamlined upper tie plate
to reduce the two-phase pressure drop. Some of the nuclear features
include higher bundle enrichments for longer operating cycles and
increased discharge burnup, axially zouned gadelinium and the variable
number of water rods mentioned earlier. Overall these features allow
for improved fuel cycle costs, increased flexibility and improved
operating margins including an increase in the LHGR limit from 13.4 to
14.4 kW/fe 89

The lead use of fuel design GE-9 was at the Hatch-1 reactor,
beginning in 1987. No particular design details are available.

However, advanced versions of BWR fuel designed by Toshiba, Hitachi, and
GE,10 have ferrule-type spacers (rather than grid-type spacers) and a
large centralized water rvod that replaces four fuel pins in an 8X8
array. The diameter of this large water rod appears to be about 1.4 in.
A water vod with this diameter would provide over 50% more nonboiling
water than four standard GE-7 water rvods (0.591 in. diameter).

Prior to 1987, LTAs with improved design features were inserted in
Peach Bottom-3 (1983) and Duane Arnold (1984). Two of the Peach Bottom

LTAs use an improved, low-pressure-drop spacer”. The weights of heavy
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metal for the Duane Arnold LTAs (164 and 154 kg U/assembly) suggest the

use of several (9 and 12) water rods, respectively.12

13.

In 1988, LTAs were inserted in the Cooper Station reactor'”; these

may be the initial usage of GE-10 fuel.

3.4 CDB FUEL ASSEMBLY TYPES

The term "assembly type", as used in the CDB, describes a set of
individual fuel assemblies with similar physical characteristics. The
assembly type is, in general, a breakdown of the CDB assembly class into
various fuel designs. In cases where other differences between fuel
assemblies exist within the same assembly class and fuel design,
additional fuel assembly types have been identified. Assemblies of a
particular assembly type typically have identical (or nearly identical)
lengths, widths, cladding material, active fuel lengths, hardware (parts
and materials), and weights of heavy metal. Factors that may not be
identical include initial enrichment, enrichment distributions, and/or
neutron absorbers used. Using these criteria, thirty fuel assembly
types of GE production fuels have been identified. Fuel assembly types
of the early fuel designs (for BWR/1 reactors) are listed in Table 4.
Fuel assembly types of later fuel designs for BWR/2-6 reactors are
listed in Table 5. Detailed fuel assembly data sheets are presented in
Appendix A. Only assemblies manufactured in production-sized runs are
designated as fuel assembly types. Special assemblies and lead test
assemblies that did not become production assembly types have been

identified and described to the extent possible in Sect. 4.

3.4.1 Fuel Assembly Tvpes Used at Dresden-1

Five assembly types of GE fuel for the Dresden-1 reactor have been
identified. Four of these assembly types are Zircaloy-clad, the fifth
is stainless steel-clad fuel. These assembly types were designated Type
I, IT, I1T, ITI-F, and V by GE. All but Type II were 6X6 fuel arrays

with Zircaloy-2 cladding. Type 1I was a /X7 array with stainless steel
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Table 4. (DB assembly types of "early fuels®

(GE product line BWR/1)

EIA CDB
Assembly type code class Comments
GE 6X6 06G11 Dresden-1 Type I - Reprocesgsed
GE 7X7  eeea Dresden-1 Type II - Reprocessed
GE 6X6 06G11 Dresden-1 Type III (Type IX1-B)
GE 6X56 06G11 Dresden-1 Type III-F
GE 6X6 06611 Dresden-1 Type V
GE 7X7  eees- Humboldt Bay Type I - Reprocessed
GE 7X7 06GL2 Humboldt Bay Type I1
GE 6X6 07G13 Humboldt Bay Type IIIX
GE 12X12 ---- Big Rock Reprocessed
GE 11X11 11GBR Big Rock "B" and "BG" fuel

GE 9X9 09GBR Big Rock TET, OYFY, and "EG" fuel
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CDB assembly types of later GE fuel designs

EIA CDB Fuel

Assembly Type Code Class Design Comments

GE 7x7 GE-2, Vla 07Gla  BWR/2,3 GE-2 0.570 in. FR® Diameter
GE 7x7 GE-2, V1b 07G21  BWR/2,3 GE-2 0.563 in. FR® Diameter
GE 7x7 GE-2, V2 07G22  BWR/4,5,6 GE-2

GE 7x7 GE-3, V1 07G31  BWR/2,3 GE-3

GE 7x7 GE-3, V2a 07G32  BWR/4,5,6 GE-3 144 in. AF® Lengtl
GE 7x7 GE-3, V2b 07G33  BWR/4,5,6 GE-3 146 in. AF® Leugth
GE 8x8 GE-4, V1 08G41  BWR/2,3 GE-4

GE 8x8 GE-4, V2a 08G42  BWR/4,5,6 GE-4 144 in. AF® Length
GE 8x8 GE-4, V2b 08G43  BWE/4,S5,6 GE-4 146 in. AF® Length
GE 8x8 GE-5, V1 08G51  BWR/2,3 GE-5

GE 8x8 GE-5, V2 08G52  BUR/4,S,6 GE-5

GE 8x8 Pres,, V1 08G61 BWR/2,3 Prepressurized

GE 8x8 Pres., V2 08G62 BWR/4,5,6 Prepressurized

GE 8x8 Barrier, V1 08G71 BWR/2,3 Barrier

GE 8x8 Rarrier, V2 08G72 BWR/4,5,6 Barrier

GE 8x8 GE-8, Vla 08G81  BWR/2,3 GE-8 145.24 in. AF® Length
GE 8x8 GE-8, Vlb  ----- BUR/2 .3 GE-8 142 24 in. AF® Length
GE 8x8 GE-8, V2a 08G82  BUR/4,5,6 GE-8 150 in. AF® Length
GE 8x8 GE-8, V2b ----- BWR/4,5,6 GE-8 147 in. AF® Length

2 FR - Fuel Rod

B AF - Active Fuel



23

304 cladding. Only one Type I fuel assembly remains unreprocessed; it
has been described in the section on special fuels.

Type I1 fuel was a stainless steel clad 7¥%7 fuel array. The
Nuclear Fuel Data Form RW-859'? data base does not list any of these
fuel assenmblies. However, the Integrated Data Base' {identifies intact
fuel assemblies from Dresden-1 in the listing of atypical, highly
radiocactive wastes stored at the Savannah River Plant. The number of
assemblies 1s not listed, but 2543 kg of heavy metal (73% Th, 27% U) is
reported.

Type IIT fuel (also called Type TIII-B) uses a 6X6 Zircaloy-clad
fuel rod array. Each fuel vod is slightly doped (0.15%) with a neutron
abzorbing material, erblum oxide. Type III-F fuel assemblies modify the
use of neutvon absorbers, replacing one fuel rod with a hurnable
absorber rod containing aluminum oxide (95.3%) and gadolinium oxide
(4.7%). Type V fuel assemblies have 36 fuel rods with gadolinium mixed

with the uranium oxide fuel pellets in selected rods.

3.4.2 TFuel Assembly Types Used at Big Rock Point

Three assembly types of GE fuel for the Big Rock Point reactor
have been identified. Two types are Zircaloy-clad, the third was
stainless steel-clad fuel. The stainless steel-clad fuel (designated
"A") was the original core load. This fuel was a 12X12 array and has
apparvently all been rveprocessed at West Valley. The first Zircaloy-clad
fuel is an 11X11 array and is designated "B" (sometimes “BC") fuel.

Fuel types "E," "F," and "EG" are all 9X9 arrays and have been grouped

together in the GE 9X9 Big Rock Point fuel assembly type.

3.4.3 Fuel Assembly Types Used at Humboldt Bay

Three assembly types of GE fuel for the Humboldt Bay reactor have
been identified. OGE manufactursd two types of productiocn Zircaloy-clad
fuel, they also manufactured a production model of stainless steel-clad

fuel., According to the number of fuel rods', both of the Zirecaloy-clad
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fuels are a 6X6 array. However, the fuel rod diameters differ greatly
(0.486 and 0.563 in.), and Humboldt Bay’s data submittal to the E1a'?
indicates that the first model is a 7X7 array. The fact that the
stainless steel-clad fuel was a 7X7 array and had a 0.463 in. fuel rod
diameter indicates that the first reload was 7X7 fuel. All of the
stainless steel-clad fuel and some of the Zircaloy-clad 7X7 fuel has
been reprocessed at West Valley. Therefore, two versions of Humboldt
Bay fuel, GE 7X7 Type II and GE 6X6 Type III, still exist. All of this

remaining fuel has been canned in borated aluminum canisters.'®
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4. OTHER VARIATIONS IN GE FUEL ASSEMBLIES
4.1 GE CORE LATTICE DESIGNATIONS

Three different core lattices have been used by GE in their BWR/Z-
6 reactors and they are designated by the letters D, €, aud 8. These
designations are based on the relative size of the water gap between
adjacent fuel assemblies and dimensional characteristics of the basic
fuel assembly and channel.? The water gap between assemblies on the
sides adjacent to the control blade is greater than the gap on the sides
away from the control blade in D-lattice cores. In both C- and 5-
lattice cores, the water gaps beltween assemblies are equal, regardless
of the position of the contrel blade. S-lattice coves have slight
dimensional differences--the fuel chaunels are 0.120 in. thick and the
fuel assembly width (without the channel) is reduced slightly. All
reactors in the BWR/2 and BWR/3 product lines and about half of the
BWR/4 reactors have D-lattice cores. The other half of the reactors in
the BWR/4 product line and all BWR/5 reactors have C-lattice cores;
BWE/6 reactovrs have S-lattice cores. While significant from an
operations standpoint, differences in lattice designations do not appear

to be significant from an assembly classification perspective.
4.2 GE BUNDLE DESIGNATIONS

. . - -~ kA .
GE has developed designations for its fuel buandles.” Table 6
reproduces these designations for GE-4, GE-5, Prepressurized, Barrier,

and GE-8 fuel.
4.3 PRADIAL AND AXITAL ENRICHMENT DISTRIBUTIONS

Because the gaps between fuel assemblies are filled with water
(increasing the thermal neutron flux in the edges of an assembly)17,
radial and axial enrichment variations are used to reduce power peaking

across the fuel assembly.
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Table 6. Bundle designations for GE fuels

Bundle designations with different enrichments for the GE-4 (8x8) fuel design
are designated by 8DxxxA, where:

8 - designates the 8x8 fuel bundle design;
D - denotes that the bumndle is designed for D-lattice cores;
XXX - is the bundle average enrichment (U-235 weight percent); and
A - is a letter suffix to differentiate between bundles with the same

average enrichment that are different in some other respect, such
as enrichment distribution or gadelinium content and distribution.

For the GE-5 (8x8 Retrofit) fuel design, which contains axially distributed
enrichments, two types of enrichment designations are used--one for the lattice
or fuel bundle cross section at a particular elevation and one for the bundle.
An example of the bundle and lattice designations used is BDRBxxxAA, where:

8 - designates the fuel bundle design;
D - may actually be D,C, or S and denotes that the design is for a
D, C, or S lattice type core;
R - denotes the 8x8 retrofit design;
B - is B or L designating bundle or lattice;
XXX - is the bundle or lattice average enrichment (weight percent U-
235); and
AN - is a one- or two-letter suffix which differentiates between

lattices with the same average enrichment but which are different
in some other respect, such as enrichment distribution or
gadolinium content and distribution.

For the pressurized 8x8 retrofit fuel design, a P is placed in front of the
bundle and lattice description. For the pressurized retrofit fuel with barrier,
the letters BP are placed in front of the bundle and lattice description
(BP8DRBxxxA and BPBDRLXxXXAA).

The GE-8 fuel designs are described using the designation BDxxxA, where:

B - designates the barrier option and is blank for the non-barrier
option;
D - is D, C, or § and denotes that the design is for a D, C, or §
lattice type core;
XXX - is the bundle or lattice average enrichment (weight percent U-
235); and
A - is a one-letter suffix which differentiates between lattices with

the same average enrichment but which are different in some other
respect, such as enrichment distribution or gadolinium content and
distribution.

Source: ref. 3.
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GE began utilizing radial enrichment distributions in the early
reload fuels at Dresden-1, Big Rock Point, and Humboldt Bay. At first,
these distributions were primarily in the form of lower enrichments in
the corner rods of the fuel assemblies. With increased operating
experience, radial enrichment variations have become more sophisticated
(and complicated). Factors leading to these more complicated radial
distributions include (1) the advent of the use of burnable neutron
absorbers, (2) the appearance of the water rod in BWR assemblies, and
(3) the D-, C-, and S-lattice variations. Axial enrichment variations
in production fuels were introduced with the GE-5 (8x8 Retrofit) fuel
design. Retrofit fuel improved the neutron economy through the use of
natural uranium axial blankets. Fuel bundles (specifically P8SRB176, -
200, -219; PBCRB219, -248; and P8DRE175) of the prepressurized fuel
design have used axial enrichment variations in addition to the natural
uranium blankets. GE’'s advertising indicates that their use of axial
enrichment variations has increased. In addition, for the GE-8 fuel
design, the maxzimum average planar linear heat generation rate (MAPLHGR)
curves used in the technical specifications for commercial power
reactors have an axial variation, an indication of axial enrichment

variations.

4.4 RADIAL AND AXTAL GADOLINIUM DTSTRIBUTTONS

Burnable neutron absorbers (in the form of erbium oxide) were
introduced by GE in the second Dresden-1 reload core. GE switched to
gadolinium oxide for the third reload and has used it since that time.
The earliest assemblies with gadolinia absorbers used a single,
nonfueled rod with approximately 5% gadolinium oxide and 95% aluminum
oxide. Subsequent versions have incorporated the gadolinia directly

into the fuel rods, which contain a solid solution of gadelinia and

uranium dioxide. The gadolinia content in the earlier uses seems to
have been in the range of 2 to 4%. To satisfy the need for fuel

assemblies capable of higher burnup, average U-235 enrichments for BWR

fuel assemblies have been raised. While enrichments for the initial
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core loadings for the first large BWRs were in the 2.19 to 2.50% range,
enrichments in later cores (both initial and reload) gradually increased
to the 2.63 to 2.84% range. Current fuel assemblies designed for high
burnup contain average enrichments in the 3.00 to 3.20% range. To
compensate for this excess reactivity during the first cycles of use,
the use of burnable neutron absorbers has increased. Although GE
regards information on gadolinia concentrations and distributions as
proprietary for fuel designs GE-5 and higher, GE released some
information on the GE-4 (8x8) fuel. Those assemblies have 3, 4, or 5
fuel rods that contain gadolinia. The assemblies with average
enrichments of 2.19% typically contain three fuel rods with gadolinia;
of 2.50%, four; and of 2.74%, five. Although no data are available, we
expect that as enrichments have continued to increase, the number of
gadolinia-doped fuel rods and the content of the gadolinia in these rods
has also increased. Additionally, axially zoned enrichment variations

have given rise to axially zoned gadolinia concentrations &Y
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5. SPECIAL FUELS

Several special types of fuel assemblies have been identified.
These irnclude test assemblies that were not the forerunners of
production fuel designs, the remnants of early fuels that have largely
been reprocessed, and mixed oxide fuels. These fuels do not seem to
warrant extensive discussion, but their unique characteristics do merit

their identification.
5.1 DRESDEN-1 TYPE I FUEL

Dresden-1 Type T fuel was the initial core loading for the
Dresden-1 reactor. It had a 6x6 fuel rod array, utilized Zircaloy-2 for
the cladding, was approximately 135 in. long and 4.4 in. wide. Fronm
records submitted by Commonwealth Edison to the EIA, only one of these

2 ye conclude that the other assemblies have

assemblies remains intact,
been reprocessed. The number of assemblies used at Dresden-1 and the
amount of Dresden-1 fuel reprocessed at West Valley tend to support this

assumption, but detailed verification of this has not yet been obtained.
5.2 DRESDEN-1 PF FUEL

In 1961, 12 prototype fuel (PF) assemblies were fabricated and

inserted into the Dresden-1 reactor. '

Of these twelve assemblies, only
the one designated PF-10 remains intact. PF-10 is a Zircaloy-4 clad,
8x8 fuel assembly with erbium oxide in each fuel rod. This seems to be
the only usage of Zircaloy-4 for cladding in BWRs. The assembly had an
initial weight of uranium of 99.7 kg and attained a burnup of 25,300

MWd/Metric Ton of Initial Heavy Metal (MTTHM) 12
5.3 BIG ROCK POINT 7X7 AND 8X8 CENTERMELT FUEL

In 1970, Big Rock Point loaded four 7x7 "advanced" and two 8x8

19

"intermediate"” centermelt fuel assemblies. L.ike other Big Rock Point
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fuels, these assemblies were approximately 82 in. long and 6.3 in. wide.
Some of the fuel rods in these bundles had fuel rods with U-235
enrichments of up to 6.5% (extremely high for light-water reactors). In
the 7x7 arrays, pellets of depleted uranium were used at each end of the
fuel rods. Annular pellets of enriched uranium filled the central
region of the fuel rod. The average enrichment of both types of fuel
was 3.6%. The 7x7 assemblies reached a burnup of only 1500 MWd/MTIHM.
One 8x8 assembly had a burnup of 1900 MWd/MTIHM; the other reached 6400
MWd/MTIHM. The 7x7 assemblies initially contained 131 kg of uranium,

the 8x8 assemblies initially contained 112 kg.12
5.4 MIXED OXIDE FUELS

GE-manufactured mixed oxide fuels have been used in at least two
commercial boiling water reactors--Big Rock Point and Quad Cities-1.
The mixed oxide is uranium dioxide plus plutonium dioxide. At Big Rock
Point, mixed oxide fuel assemblies were designed with the features of
both the GE 11xll and GE 9x9 Big Rock Point fuel assembly types, but
with some U0,-Puo, fuel rods. At Quad Cities-1, five mixed oxide fuel
assemblies, with the features of the GE-3 (Improved 7x7) fuel design
were used starting in 1974. These assemblies have either 8 (1 assembly)
or 10 (4 assemblies) mixed oxide fuel rods with between 115 and 171 g of
Pu0,/rod. The mixed oxide fuel rods have 0.032 in. thick cladding,
similar to the GE-2 (/x7) fuel design. These fuel assemblies use

annular pellets for the mixed oxide fuel rods.
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GE 6x6 Humboldt Bay . . . . . . . . . . . . . . . . . . . . . ... 53
GE 11x11 Big Rock Point . . . . . . . . . « « o « « o o o o . . . 57
GE 9x9 Big Rock Point . . . . . . . . . . « « .« .« .« . . . .. ... 61
GE 7x7 GE-2, V1a . . . . o v v e oo 65
GE 7x7 GE-2, VIb . . . . . . . . . . . . . . .. ... 88
GE 7x7 GE-2, V2 . . . . . . . . . . e e e e e T3
GE 7x7 GE-3, V1 . . . . . . . . . .o e e e s
GE 7x7 GE-3, V2a . . . . . . . . . Lo 81
GE 7x7 GE-3, V2b . . . . . . . . . . . . . . . ... ... o. 8
CE 8x8 GE-4, VL . . . . . o« o v o o8
GE 8x8 GE-4, VZ2a . . . . . . « v« v v e e e e e e e s e B
GE 8x8 GE-&, V2b . . . . . . . L oYY
GE 8x8 GE-5, V1 . . . . . . . . . . ..o e e e s e
GE 8x8 GE-5, V2 . . . . . . . . . . . .o e e e s e 105
GE 8x8 Pres., VL . . . . . . . . . . . . o009
GE 8x%8 Pres., V2 . . . . . . . .. oo a1
GE 8x8 Barrier, V1 . . . . . . . . oo o e e e sy
GE 8x8 Barrier, V2 . . . . . . . . . e e e s
GE 8x8 GE-8, Vla . . . . . . . . . « « .« o ..o
GE 8x8 GE-8, Vib . . . . . . . . . . ..o e 129
GE 8x8 GE-8, V2a . . . . . . . . . . . o o oo 138
GE 8x8 GE-8, V2b . . . . . . . . ..o a3y
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PHYSTCAL DESCRIPTION REPORT PAGE: 1

General Electric 6 X 6 Dresden 1, Type II1-B BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. ... .. . i, 06GD1
CDB Assembly Code. ... ... . i GO6B
CDB Assembly Class. ... ... ... ... ... ..... e Dresden-1
Initial Year of Manufacture.............covuvn... 1963
Final Year of Manufacture............ ... 1963
Total Number Fabricated to Date.................. 192
Assembly Width (inches). ... .. . o i 0. 4, 35
Assembly Length (Inches)......... ... ... ... ...... 1347%%
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Pitch (Inches) . ittt it e e et e inee e 0,714
Total Assembly Weight (lbs)....... ... ... ... ...,
Weight of Heavy Metal (lhs)....... ... ... .. .....

Metric Tons Tonitial Heavy Metal (metric tens).... 0.099

Enrichment Range (% U235)....... .. . .. ..., 1.83
Average Design Burnup (MWa/MTIHM) . ...............
Maximum Design Burnup (MWA/MTIHM)................
Linear Heat Rating (KW/fool)......... ... ... .... .. 1504

Comments :
This assembly manufactured for use at Dresden 1 only.

0.103

% Thirty of these fuel assemblies have been reprocessed at

West Valley.

*% Dimensions based on the dimension of similar Dresden 1

asgemblies and rounded to two (or three) signifigant
figures.
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PHYSICAL DESCRIPTION REPORT PAGE: 2
General Electric 6 X 6 Dresden 1, Type III-B BWR
EIA Assembly Code...... ... .. . ... . .. 06GD1
CDB Assembly Code........ ... .. GO6B
CDB Assembly Class........... ..o, Dresden-1

FUEL ASSEMBLY HARDWARE PARTS AND MATERTIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction

Drawing Numbers Associated With Assembly:

References Associated With Assewbly:

Bolger 1977

Bower 1966

Commonwealth Edison 1957
GE 1961

GE 1973

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electvric 6 X 6 Dresden 1, Type I1L-B BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code... ... . . ity 06GD1L

CDB Aszembly Code. ... .. . e GO6B

CDB Assembly Class... ... ... ... Dresden-1
Type of Rod. .. i e Fuel Rod
Fuel Rod Positions per Assembly................... 36
Typical Number of Fueled Rods per Assembly........ 36

Rod Diameter (Iinches) ... ..., 0.555
Rod Length (inches)....... ... . .. . . (114)*
Active Length (inches). ... ... . i, 109
Weight per Rod (lbs) ... ...,

Clad Material. ... ... . i e Zircaloy-2
Clad Thickness (inches) ... ... .. i, 0.035%%
Clad ¥inal Conditioning............ ... ... ...
Fuel-Clad Gap (inches)...... ... .. iy 0.075
Fill Gas Used. ... . . . i i e

Initial Cas Pressure (psig)...... .. . ..

Nitrvgen Content of Fill Gas (percent)............

Comments:
All fuel rods have 0.15% Er203.
%* The fuel rod length is estimated from the fuel rod length
for other Dresden 1 assembly types. The fuel rod length for
other assemblies is 114.22 inches. This does not include

the length of the end pins.

*% Cladding thickness of 5 special corner rods is 0.055".
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PHYSICAL DESCRIPTION REPORT PAGE: &
General Electric 6 X 6 Dresden 1, Type ILI-B BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. ... ... . .. . . ... . . 06GD1
CDB Assembly Code......... ... ... ... ... .. GO6B
CDB Assembly Class............ ... . ... Dresden-1
Fuel Pellet Material............. ... .. .. ... .. ... Uraniuwn Oxide
Fuel Pellet Shape....... .. .. . i,
Fuel Pellet Diameter (inches)............. ... ..... 0.478%
Fuel Pellet Length (inches)...... ... ... ... ... ...
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).......... ...,
Grain Size (microms)....... ... . . . . ...
Fuel Density (% theoretical)................... ...
O/U Ralbio. ..o i e e e
Smear Density ....... .. ...
Spacer Pellet Material........ ... ... .. ... .. ... ...
Spacer Pellet Lengtn (inches)............. ... ... ...

Plenum Spring Material

Plenum Spring Weight per Assembly (lbs)...........

Plenum Length (inches)

Plenum Volume (cubic inches)

Comments:

% Fuel pellets for corner rods have diameter of 0.438".

6]
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PHYSTCAL DESCRIPTION REPORT PAGE: 1
General Electric 6 x 6 Dresden 1, Type I[II-F BWR

OVERALL ASSEMBLY CHARACTERISTICS

ETA Assembly Code. . .. .., 06GD2
COB Assembly Code. ... oo o i i oo oo GO6C
CDB Assembly Class...... ... ... ... .. ... ... ... Dresden-1
Initial Year of Manufacture. .. .... ..., 1964
Final Year of Manufacture.......... ... 1964
Total Number Fabricated to Date.................. 104+
Assembly Width (dnches). . ... v o, 4, B
vssembly Length (Inches). ... .. o i .. 1345
with Control Rod Taserted....................
including Holddown Device, ete.. ... ... ......
Rod Pitch (Inches) .. . i i i 0,71+%*
Total Assembly Weight (lbhs)..... ... ... . ... .. ...
Welight of Heavy Metal (Ibs)........ ... ... ... ...

Metric Tons Initial Heavy Metal (metric tons).... 0.096 - 0.103

Fnvichuwent Range (32 U235, ... . .. ..

Average Design Burpup (MWA/MTIHM)................
Maximum Design Burnup (MWA/MTIHM)................
Linear Heat Rating (KW/foot)..................... 15.5
Comments ;
Special test assemblies with special poisen vods, plutoniuw
rods, and powder rods exist.

* Ten of these fuel assemblies appear to have been
reprocessed at West Valley.

*%  These dimensions are based on the dimensions of similar
Dresden 1 assemblies and rounded to two (or three)
signifigant figures.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 6 x 6 Dresden 1, Type III-F BWR

EIA Assembly Code... ... ... .. ... . i 06GD2
CDB Assembly Code.. ... ... ... . ... i GO6C
CDB Assembly Class.......... .. ... e Dresden-1

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction

Drawing Numbers Associated With Assembly:

References Associated With Assembly:

Comments :
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PHYSTCAL DESCRIPTION REPORT PAGE: 3
General Electric 6 x 6 Dresden 1, Type 1II-F BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code.......... ... ... . . .. 06GD2

CDB Assembly Code....... ... . ... . . ... GO6C

CDB Assembly Class........ ... ... .. ... Dresden-1
Type of Rod. ... i i e e Fuel Rod
Fuel Rod Positions per Assembly................... 36
Typical Number of Fueled Rods per Assembly........ 35
Rod Diameter (inches)......... ... 0. 0.5625
Rod Length (inches) . ... ... ... ... (114)=
Active Length (inches).......... ... .. . .. 108.25
Weight per Rod (1bs)..... ... ...,

Clad Material. .. ...unne e Zircaloy-2
Clad Thickness (inches) .. ... ... . ... 0.035
Clad Final Conditioning...........................
Fuel-Clad Gap (inches)...... ..., 0.010
Fill Gas Used......... i

Initial Gas Pressure (psig)........oiiiiinnnn..
Nitrogen Content of Fill Gas (percent)............

Comments:

These assemblies have a single, nonfueled rod containing
pellets of aluminum oxide (95.3%) and gadolinium oxide
(4.7%). The pellet diameter is 0.465",

* The fuel rod length is estimated from the fuel rod length
for other Dresden 1 assembly types. The actual fuel rod
lengths for other assemblies is 114.22 inches. This length
does not include the length of the end pins.
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PHYSICAL DESCRIPTION REPORT PAGE: 4

General Electric 6 x 6 Dresden 1, Type I1IL-F BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code........... .. ..o, 06GD2

CDB Assembly Code. ... ... ... . ... it GO6C

CDB Assembly Class........ ... iieiininnn Dresden-1
Fuel Pellet Material........... .. ... .. oo Uranium Oxide
Fuel Pellet Shape. . ... ... i

Fuel Pellet Diameter (inches)..................... 0.482
Fuel Pellet Length (inches)................. ... ...

Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent)....... ... .o,
Grain Size (MICTOMS) . . ..t e
Fuel Density (% theoretical)......................
O/U RATLIO. .ottt e

Smear Density

Spacer Pellet Material
Spacer Pellet Length (inches)

Plenum Spring Material

Plenum Spring Weight per Assembly (lbs)...........

Plenum Length (inches)

Plenum Volume (cubic inches)

Comments:



PHYSICAL DESCRIPTION REPORT PAGE:
General Electric 6 x 6 Dresden 1, Type V BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code... ... .... ... ... . ... ... ... 06GD3
CDB Assembly Code. ... ... i, GO6D
COB Assembly Class. ... ... . . . i, Dresden-1
Initial Year of Manufacture...................... 1966
Final Year of Manufacture......... ... ... ... 1966
Total Number Fabricated to Date........ . 106
Assembly Width (inches). ... .... ... ... .. .. ... ... 4 3%
Assembly Length (inches)..... .. ... ... ... . ... . ... 134 .34
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Piteh (Inches) . it i e 0.71%
Total Assembly Weight (lbs) .. ... ... ... . ...
Weight of Heavy Metal (lbs)................ . .....

Metric Tons Initial Heavy Metal (metriec touns).... 0.106%%

Enrichment Range (% U235)......... . ... . 2.26
Average Design Burnup (MWAd/MTIHM)................
Maximum Design Burnup (MWA/MTIHM)................
Linear Heat Rating (KW/foot)............... ... ... 15.5

Comments

Four assemblies are "thin clad” assemblies.

Two assemblies used Zircaloy spacer grids and have dished

pellets in selected fuel rods.

* These dimensions are based on the dimensions of similar
Dresden 1 assemblies and rounded to two (or three)
signifigant figures.

** Average weight.
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PHYSTCAL DESCRIPTION REPORT PAGE: 2

General Electric 6 x 6 Dresden 1, Type V BUWR

ETIA Assembly Code......... ... . ... .. ... ... 06GD3
CDB Assembly Code.......... ... ... ... .. ... GO6D
CDB Assembly Class.......... .. ... .. Dresden-1

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Naine Fraction

Drawing Numbers Associated With Assembly:

References Associated With Assembly:

Comments:



PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 6 x 6 Dresden 1, Type V BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. .. .. it 06GD3

CDB Asseubly Code. ... .. i COsD

CDB Assembly Class.. ... ... ... ... Dresden-1
Type of Rod. . ... e e Fuel Rod
Fuel Rod Positions per Assembly................... 36
Typical Number of Fueled Rods per Assembly........ 36
Rod Diameter (dnches) . . .. ...ttt neeennnn 0.5625
Rod Length (Inches). ... ... . i, 114.22%
Active Length (inches). ... ... ... .. o i, 108.25
Weight per Rod (lbs). ... .. . i,

Clad Material.. ... o i Zircaloy-2
Clad Thickness (inches)........... .. 0.035%%
Clad Final Conditioning.......... .. ... .. ...,
Fuel-CGlad Gap (inches). ... ... . ... 0.010
Fill Gas Used. ... it i i e e

Toitial Gas Pressure (psig)..... ooy

Nitrogen Coutent of Fill Gas (percent)............

Comments

Selected rodsg contain small amounts of gadolinia as a
hurnable neutron adsorber.

* Length of fuel rod dees not include the length of the end
pins.

*% Four assemblies have a cladding thickness reduced to
0.026"7 .
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PHYSTCAL DESCRIPTION REPORT PAGE: 4
General Electric 6 x 6 Dresden 1, Type V BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code...... ... ... . ... ... ... ... . ... 06GD3

CDB Assembly Code........ ... ... .. ... GO6D

CDB Assembly Class....... ... .. ... ... Dresden-1

Fuel Pellet Material........ ... ... ... Uranium Oxide
Fuel Pellet Shape. ... ... ... .. . . . i

Fuel Pellet Diameter (inches) . ................... 0.482%

Fuel Pe

i

let Length (inches)................ ... ...
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).......... ... ... ..
Grain Size (microns)...... ... ... ..
Fuel Density (% theoretical)......................
O/U Ratio. it e e

Smear Density

Spacer Pellet Material............................
Spacer Pellet Length (inches) . ....................
Plenum Spring Material............................
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)........... ... ... ... ........ 5.27
Plenum Volume (cubic inches)......................

Comments:
Pellets in special "thin clad” assemblies have a pellet
diameter of 0.498".
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PHYSTCAL DESCRIPTION REPORT PAGE: 1
General Flectric 7 X 7 Humb. Bay, Type I1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. ... ... .. i 07G13
CDB Assembly Code. ... .. o i i GO7A
CDB Amsembly Class. .. ... ... oo, Humboldt Bay
Initial Year of Manufacture...................... 1865
Final Yeay of Manufacture.. .. ....... ... .. ..... .
Total Number Fabricated to Date..................
Assembly Width {(inches) ... ... ... .. .. 4.662
Assembly Length {inches)....... .. o, 95
with Control Rod Inserted....................
including Holddown Device, eto...............
Rod Piteh (inches) .. ... i i 0.631
Total Assembly Weight (lbs)...................... 276
Welght of Heavy Metal (lbs)........ ... .. ... ... 168

Metric Tons Initial Heavy Metal (metric tons).... 0.0763

Envichment Range (% UZ235). ... ... . v, 2.08-2.30
Average Design Burnup (MWA/MTIIHM)................ 14000
Mazimun Design Burnup (MW/MTIHM) ................ 23000
Linear Heat Rating (KW/feot).................. ... 12.1

Comments:
This asszembly was wanufactured for use at Humboldt Bay
only. The weight of the fuel assembly inlcudes the welght
of the fuel chammel. The width is the outside dimension of
the 0.060” fuel channel.

This assembly is also known as Humboldt Bay Type I1 fuel.
Some of these assemblies were reprocessed at West Valley,

The initial core at Humboldt Bay was a 7 x 7, stainless
steel clad fuel array. These assemblies have all been
repreocessed at West Valley.
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PHYSICAL DESCRIPTION REPORT

General

EIA Assembly Code
CDB Assembly Code

CDB Assembly Class

Electric

PAGE:

7 X 7 Humb. Bay, Type II BWR

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material
Assembly  Assembly Name

COMP. SPRINGS 49 0.0000 TOP

T. TIE PLATE 1 0.0000 TOP

SPACERS 3 0.0000 IN CORE

B. TIE PLATE 1 0.0000 BOTTOM

Drawing Numbers Associated With Assembly:

731E272

References Associated With Assembly:

Crane 1976b

GE 1973

PG&E 1968
Peterson 1969

Comments :

Drawing number taken from EIA RW-859 data base.

2

Material
Fraction

0.00000
0.00000
0.00000

0.00000
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 7 X 7 Humb. Bay, Type I1 BWR

FUEL ROD DESCRIPTION TABLE

ETA Assembly Code. . ... ... .. .. . .. .. 07G13

CDB Assembly Code. . ... ... ... .. ... ... .. ... .. .. GO7A

CDB Assembly Class.......... . . 0. .. Humboldt Bay
Type of Rod. ... .. . i i Fuel Rod
Fuel Rod Positions per Assembly................... 49
Typical Number of Fueled Rods per Assembly........ 49

Rod Diameter (inches)......... ... 0.486
Rod Length (inches)....... .. ... i, 83.2
Active Length (inches).......... .. .. ... .. 79.0
Weight per Rod (Ibs). ... ... .o oot

Clad Material...... .. .. i, Zircaloy-2
Clad Thickness (inches).......... ... v, 0.033

Clad Final Conditioning............. ... ... .......

Fuel-Clad Gap (inches)....... ... . 0.005

Fill Gas Used. . ... i He

Initial Gas Pressure (psig).......... ..., 0
Nitrogen Content of Fill Gas (percent)............

Comments:

The fuel rod length does not include the length of the end
pins. The central fuel rod is segmented.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 7 X 7 Humb. Bay, Type II BWR
FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. ... ... ... .. .. . . ... 07G13

CDB Assembly Code......... ... i, GO7A

CDB Assembly Class. .............iiirninneenenn.. Humboldt Bay
Fuel Pellet Material............ .. ... .. ... ... ..... Uranium Oxide
Fuel Pellet Shape.......... .. .

Fuel Pellet Diameter {(inches)..................... 0.411
Fuel Pellet Length (inches).......................

Fuel Pellet Weight pexr Rod (lbs)..................

Open Porosity (percent)....... .. ...,

Grain Size (MicronsS) ... ... ...

Fuel Density (% theoretical)...................... 94.3
O/U RALIO. .ttt it it e e e

Smear Densibty ....... ... i

Spacer Pellet Material.................. ... .......

Spacer Pellet TLength (inches).....................

Plenum Spring Material............................

Plenum Spring Weight per Assembly (lbs)...........

Plenum Length (inches).................. .. ........ 3.5

Plenum Volume

Comments



PHYSICAL DESCRIPTICN REPORT PAGE: 1
General Electric & ¥ 6 Humb. Bay, Type II1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. ... ... .. ... i L, ... 06612
CDB Assembly Code. ... ... .. . i i . GOGA
CDB Assembly Class.. ... ... ... Humboldt Bay
Inirial Year of Mapufacture...................... 1971
Final Year of Manufacture. .. .. v
Total Number Fabricated to Date.......... e
Aszembly Wideh (inches) ... ... i iiinnnn 4 662
Assembly Length (inches) . ......... ... ... ....... 25
with Control Rod Insevted....................
including Holddown Device, ete.. ... ... ... ..
Rod Pitch (Inches). .. .. ... ... ... ...... e e 0.740
Toral Assembly Weight (lbs)...... e 270
Weight of Heavy Metal (lbs). . ... .. o o o 0., 168

Metric Tons Initial Heavy Metal (metric tons).... 0.0764

Enrichment Range (% U235) .. .. ... . .. ... .. . .. ... 2.26-2.50
Average Design Burnup (MWd/MTIHM) . ............... 18750
Maximum Design Burnup (MWA/MTIEM)................

Linear Heat Rating (KW/foot). ... ... ... .. . ...

Comments:
The assembly manufactured for use at Huaboldt Bay only.
Weight of fuel assembly includes weight of fuel channel.
Width ig outzide dimension of 0.060" fuel channel.
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PHYSICAL DESCRTIPTION REPORT PAGE: 2
General Electric 6 X 6 Humb. Bay, Type III BWR
ETIA Assembly Code......... ... .. ... 06G12
CDB Assembly Code.............. ... .. ... ... ... GO6A
CDB Assembly Class................... e Humboldt Bay
FUEL ASSEMBLY HARDWARE PARTS AND MATEKTALS
Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 36 0.0000 TOP 0.00000
T. TIE PLATE 1 0.0000 TOP 0.00000
SPACERS 3 0.0000 IN CORE 0.00000
B. TIE PLATE 1 0.0000 BOTTOM 0.00000

Drawing Numbers Associated With Assembly:

731E228
References Assoclated Wi

Crane 1976a
Crane 1976b
GE 1973

PG&E 1961
Peterson 1969
Peterson 1970

Comments :

th Assembly:

Drawing number taken from EIA RW-859 Data Base.



55

PHYSTCAL DESCRIFPTION REPORT PAGE: 3
General Electric 6 X 6 Humb. Bay, Type III BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code....... ... . .. .. 06G12

CDB Assembly Code. ... ... ... ... . ... . ... ... GO6A

GDB Assembly Class. ... ... i i Humboldt Bay
Type of Rod. ... i Fuel Rod
Fuel Rod Positions per Assembly................... 36
Typical Number of Fueled Rods per Assembly........ 36

Rod Diameter (inches) ... ... ... . .. .. .. i ... 0.563
Rod Length (inches) ... ... ... .. . .. (83)*
Active Length (inches).......... ... ... ... ......... 77.5
Weight pev Rod (lbs).... ... ... ...

Clad Material. . ... et e Zitcaloy-2
Clad Thickness (inches) . ... .. ... 0.032

Clad Final Conditioning.............. . ... ... ....

Fuel-Clad Gap (imches) . ...t 0.0055
Fill Gas Used. ... i it e r it He

Initial Gas Pressure (psig).......... .o, 0
Nitrogen Content of Fill Gas (percent)............

Comments :

Segmented central fuel rod; corner rods have reduced
enrichments to reduce local power peaking; up to 2
gadolinia-poisoned fuel rods.



PHYSTCAL DESCRIPTION REPORT

General Electric

ETA Assembly Code

56

6 X 6 Humb. Bay, Type I11

FUEL ROD DESCRIPTION TABLE continued

CDE Assembly Code......... ... .. iy

CDB Ascembly Class

Fuel Pellet Material

Fuel Pellet Shape.. ... ... i,
Fuel Pellet Diameter (imches). . . ... ....... .. .....

Fuel P

Fuel Pellet Weight per
Opent Porosity (percen

Grain Sizs (microns)

0/U Ra

Smear

Spacer

ellet

Fuel Density (% theor

etical) . . o e

Ci0 . o e e e e e

Density

Spacer Pellet
Plenum Spring
Plenum Spring
Plenum TLength
Plenumn Volume
Commenits:

Weight per Assembly (1lbs)...........
(il’l(‘:n‘%‘;) ............................
(cubic inches)....... .. ... ... .. ...

Humboldt Bay

Uranium Oxide



PHYSTCAL DESICRIPTION REPO
GCeneral Slectric
OVERALL ASAHE

ETA As SAMn]y Code. ... ...

ChB wbly Code. ... ...
CDR Assembly Clams. ... ..

FPinal Year of Manuiacture.

Total Nueher Fabricated to

57

RT

11 X 11 Big Rock Point BWR

MBLY CHARACTERISTICS

11616
G1lla

Big Rock

Average Design Burnup (MW

Maximum Design Burnup (MW
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PHYSICAIL DESCRIPTION REPORT PAGE
General Electric 11 X 11 Big Rock Point BWR

EIA Assembly Code......... ... ... ... ... .. .. .... 11G1l6

CDB Assembly Code.. ... ... ... . ... .., Glla

CDB Assembly Class................ ... ... ........ Big Rock Point

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS
Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction

COMP. SPRINGS 121 0.0000 TOP 0.00000
T. TIE PLATE 1 0.0000 TOP 0.00000
SPACERS 3 0.0000 IN CORE 0.00000
B. TIE PLATE 1 0.0000 BOTTOM 0.00000

Drawing Numbers Associated

References Associated With

GE 1973

Comments:

With Assembly:

Assembly:
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 11 X 11 Big Rock Peint BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code....... ... ... i, 11616

CDB Assembly Code...... ... ..., i . Glla

CDB Assembly Class....... ...t s Big Rock Point
Type of Rod. ... . .. i i i i e Fuel Rod
Fuel Rod Positions per Assembly................... 121
Typical Number of Fueled Rods per Assembly........ 121
Rod Diameter (Inches) ... ... .. ernneann 0.449
Rod Length (inches)...... ... ... i,
Active Length (inches).......... ... . .. ... ... 70
Weight per Rod (lbs) .. ... ... ... ...

Clad Material..... ... i Zircaloy-2
Clad Thickness (inches)........ ... . ... . ... ... .... 0.034
Clad Final Conditioning.............. ... ... ... ...

Fuel-Clad Gap (inches) ... ... . ...

Fill Gas Used. ...ttt ene He

Initial Gas Pressure (psig).......... ... . ... ....
Nitrogen Content of Fill Gas (percent)............

Comments:



60

PHYSICAL DESCRIPTION REPORT PAGE: 4
General FElectric 11 X 11 Big Rock Point BWR

FUEL ROD DESCRIPTION TABLE continued

ETIA Assembly Code. ... ... . ... ... i 11G16
CDB Assembly Code. ....... .. ... .. ... ... Glla
CDBR Assembly Class........ ... .. Big Rock Point
Fuel Pellet Material......... ... .. ... .. ... Uranium Oxide
Fuel Pellet Shape...... . ... . ... i,
Fuel Pellet Diameter {(inches)............ ... ......
Fuel Pellet Length (inches).......................
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent). ... ... ...,
Grain Size (MIicroms) . . ... i e
Fuel Density (% theoretical) . ......... ... ... ... .. 94

O/U Ratlo. . ...

Smear Density ... .. .

Spacer Pellet Material ........... ... ... ... ........
Spacer Pellet Length (inches)............ ... .. ....
Plenum Spring Material....... ... ... .. ... ... ... . ...
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)........ ... .. ... ... .. ... ....
Plenum Volume (cubic inches)......................

Comments
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PHYSICAL DESCRIPTION REPORT PAGE:

General Electric 2 X 9 Big Rock Point BWR

OVERALL ASSEMBLY CHARACTERISTICSH

Final Year of Manufacture., oo, cne oo

Assembly Width (inches). .. ... ... . oo,
Assembly Length (Inches). ... .. ... . o i
with Contrel Rod Inserted. .. ........ e

including Holddown Device, etc............ ...

Rod Piteh {(Anches) . ... i e e it 0.707

Total Aszzembly Weight {(Ibs)............. e 065
Weight of Heavy Metal (1bs)......... ... ... .. .... 305
Metriec Tons Initial Heavy Metal (wmetric toons).... 0.138

Enrichment Range (% U235 . .. ... .. i,

S

Average Design Buynup (MWA/MITIHM)................
Maximum Design Burnup (MWA/MTIHM) ... o oL,

Linear Heat Rating (KW/foot).......... ... ... .....
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PHYSICAL DESCRIPTION REPORT

General Electric 9 X 9 Big Rock Point BWR

EIA Assembly Code......... ... ... . ... ......
CDB Assembly Code......... ... ... ... .. .. ...

CDB Assembly Class

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone
Assembly  Assembly

COMP. SPRINGS 81 0.0000 TOP

T. TIE PLATE 1 0.0000 TOP

SPACERS 3 0.0000 IN CORE

B. TIE PLATE 1 0.0000 BOTTOM

Drawing Numbers Associated With Assembly:
731E245

References Associated With Assembly:

GE 1973
Walke 1970

Comments :

Material
Name

Material
Fraction

0.00000
0.00000
0.00000

0.00000



63

PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 9 X 9 Big Rock Point BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. .. .. oo, 09G15

CDB Assembly Code. ... ... iy GO9A

COB Assembly Class. ... ... iiiiinniinnnnn Big Rock Point
Type of Rod. . ... ... i Fuel Rod
Fuel Rod Positions per Assewbly................... 81
Typical Number of Fueled Rods per Assembly........ 81
Rod Diameter (inches) .. ...t 0.5625
Rod Length (inches) . ... ... i i,
Active Length (inches). .. ... i, 70
Weight per Rod (Ibs)..... . ..oty

Clad Material.... ... . . . i i e Zircaloy-2
Clad Thickness (dnches) ... .. ... 0.040

Clad Final Conditioning.......... o ..y

Fuel-Clad Cap (inches) . ... . oo i,

Fill Gas Used. ... . . i e i He

Initial Gas Pressure (Psig). ... v

Nitrogen Conteut of Fill Gas (percent)............

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 9 X 9 Big Rock Point BWR
FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. ... .. ... ... . ... ... .. ... 09G15

CDB Assembly Code. ... ... ... .. .. .. .. GO9A

CDB Assembly Class. ... ... ... ... ... ... Rig Rock Point
Fuel Pellet Material......... .. ... . ... . . ... ... Uraniun Oxide
Fuel Pellet Shape...... ... ... . .

Fuel Pellet Diameter (inches).......... ... ... . ... 0.471

Fuel Pellet Length (inches)........... ... .. ... ...

Fuel Pellet Weight per Rod (lbs)..................

Openn Porosity (percent).............. ... ... ..

Grain Size (microms). ... ... ...

Fuel Density (% thecretical)...................... 94

O/U Ratio. ... ..

Smear Density ...... ... . ... ... e

Spacer Pellei Materzal.......... ... ... ... ... ... ...

Spacer Pellet Length (inches).....................

Plenum Spring Material.......... .. ... ... ... .......

Plenum Spring Weight per Assembly (lbs)...........

Plemam Lengtit (inches)....... ... ... ... ... ... ....

Plenum Volume (cubic inches)....... .. ... .. ... ... ...

Coimmnents:



o
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PHYSICAL DRESCRIPTION REFOR

7% 7 0E-2:

VERS .

CHARACTERISTICS

EIA Agsembly Code. . ... .. .. 0o e
COB Assembly Code. ... ... .. ... ... e
CDR Iy Clase . i i e e

Yeasr nf Manufacture.......... e,

acture., oo o ...,

with Controel Red Inser: . f e e
including Helddown Device, efo. ... . ... .. .. ..

Total Asgembly Weight (Ibs)........ e
g

Welght of Heavy Metal (Ibs)....... ... .. ... ... ...

Metric Tons Ioltial Heavy Metal

A

Enrichment Range (% Ud3%) ...

Average (MWAA/MUEEMY ... ...

Mazimum Design Buroup (MWI/MTIHM) ... ... .. .. .. ..
Lineay Heat Ratipg (KW/fvcet)...... e ..

Comments:
This assembly was used at Nine Mile
and Millstone 1 only. The width is
the 0,080" fuel chanonel.

the outside

Point 1, Oys

PAGE: 1

la BWR

07C14
GO7B

GE BUR/? .3

1969

ter Creek,
dimension of
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PHYSTCAL DESCRIPTION REPORT PAGE:
General Electric 7 X 7 GE-2; VERS. la BWR

ETA Assembly Code......... ... ... ... ... 07G14

CDB Assembly Code......... .. ... .. GO7B

CDR Assembly Class.......... ... GE BWR/2,3
FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material

Assembly  Assembly Name

COMP. SPRINGS 49 0.0000 TOP

T. TIE PLATE 1 2.0480 TOP

SPACERS 7 2.0270 IN CORE  Undt. Inconel

Undt.St.Steel
B. TIE PLATE 1 4.3610 BOTTOM

Drawing Numbers Associated With Assembly:

729E183
731E377

References
Brosnan 1971

GE 1973
Raymond 1973

Comments:

Associated With Assembly:

Drawing numbers taken from the EIA RW-859 Data Base.

The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for

similar assembly types.

2

Material
Fraction

0.00000
0.00000
0.00000
0.00000

0.00000

The weight of the compression springs may be included in the

weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 7 X 7 GE-2; VERS. la BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code............c0iiiiiiunnunnenan. 07Gl4a

CDB Assembly Code...... ... ... ... ... ... ... . ... GO7B

CDB Assembly Class....... ... iiiiiiiinennennn.. GE BWR/2,3
Type of Rod. ... .. i i i e Fuel Rod
Fuel Rod Positions per Assembly................... 49
Typical Number of Fueled Rods per Assembly........ 49
Rod Diameter (inches).......... ... iinennnnn.. 0.570
Rod Length (inches)........ ... ... ... .. o . (160)*
Active Length (inches)....... .. ... .. ... ... ... 144 .0
Weight per Rod (1bs) .. ... it
Clad Material. ... ... ... .o, Zircaloy-2
Clad Thickness (inches) .. ... i 0.0355
Clad Final Conditioning.............. ... ... ... ...
Fuel-Clad Gap (inches)..... ... .. i, 0.0055
Fill Gas Used. .. ... ... i He
Initial CGas Pressure (psig)............ .. ... ... ... 0
Nitrogen Content of Fill Gas (percent)............

Comments:

* The tip-to-tip length of the fuel rod is estimated from
the lengths of the fuel rods for other CLASS 23 assembly
types. The actual fuel rod length for other assemblies is
158.95 inches for fuel rods, and 159.33 inches for tie rods.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 7 X 7 GE-2; VERS. la BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. .. ... ... . i 07G14
CDB Asseably Code....... ... i oo GO7/B
CDB Assembly Class. . ... ... .. GE BWR/2,3
Fuel Pellet Matevrial......... ... ... .. Uranium Oxide
Fuel Pellet Shape. . ... ... ... . ..
Fuel Pellet Diameter (inches) .. ... . ... .. . ... ... .. 0.488
Fuel Pellet Length (inches)........ ... .. ... ......
Fuel Pellet Weight per Rod (lbs)..................
Cpen Porosity (percent)........ ... ...,
Grain Size (MIiCTOTIS) ...ttt
Fuel Density (% theoretical)...................... 94-95
O/U RACLO .+t vttt e e e e e
Smear Density ... ..

Spacer Pellet Material
Spacer Pellet length (inches)

Plenum Spring Material

Plenum Spring Weight per Assembly (lbs)...........
Plenum Length {(inches)....... ... .. ... ... . ... ... ... 11.25

Plenunm Volume (cubic inches)

Comments:
Soine fuel pellets are dished.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 7 X 7 GE-2; VERS. 1b BWR

EIA Assembly Code. . ...... ... ... . ... ... . . ... . ... 07G21
CDB Assembly Code........... ... ... ... ... GO7C
CDB Assembly Class..............ciiiiiiiinnnn... GE BWR/2,3

FUEIL. ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/  Zomne Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 49 0.0000 TOP 0.00000
T. TIE PLATE 1 2.0480 TOP St.Steel 304  1.00000
SPACERS 7 2.0290 IN CORE  Zircaloy-4 0.84000

Inconel X-750 0.16000
B. TIE PLATE 1 4.3610 BOTTOM St.Steel 304  1.00000
Drawing Numbers Associated With Assembly:

731E6l4
732E169G6000
814E757

References Associated With Assembly:

Brosnan 1971
GE 1973

Lee 1974
Mayer 1973a
Mayer 1973b
Raymond 1973

Comments ;

Drawing numbers taken from the EIA RW-859 Data Base.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSTCAL DESCRIPTION REPORT PAGE: 3
General Electric 7 X 7 GE-2; VERS. 1lb BWR

FUEL ROD DESCRIPTION TABLE

EIA Assewbly Code. ... ... ... ... i, 07G21

CDB Assembly Code.. ... .. ... .. . .. i GO7GC

CDB Assembly Class. ... . . i iiiiiiiieannns GE BWR/2,3
Type of Rod. ... ... . i, e Fuel Rod
Fuel Red Positions per Assembly................... 49
Typical Number of Fueled Rods per Assembly........ 49

Rod Diameter (inches). . ... .. ... . e, 0.563
Rod Length (Inches). ... ... . .. oo (159)%
Active Length (dnches). . ... . iveetnnenina ... 144.0
Weight per Rod (Ibs) .. ... i,

Clad Matevial.. ... e e e e Zircaloy-2
Clad Thickness (inches). . ... .. i, 0.032
Clad Final Conditioning. . ... ... ... i

Fuel-Clad Gap (Inches) . . ... ... i

Fill Gas Used. ... . i He
Initial Gas Pressure (pPsig)........ccviinnnna. 0
Nitrogen Content of ¥ill CGas {(percent)............

Comments:

The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95" for fuel
rods, 159.33" for tie vods, and 15%9.82" for gadolinia-doped
fuel rods. :

There are up to 4 gadolioila-doped fuel vods per assembly.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 7 X 7 GE-2; VERS. 1b BWR

FUEL ROD DESCRIPTION TABLE continued

ETA Assembly Code........ ... .. ..., 07G21

CDB Assembly Code........ ... ... i GO7C

CDB Assembly Class.......... .o GE BWR/2,3
Fuel Pellet Material.......... .. ... ... Uranium Oxide
Fuel Pellet Shape..... ...t nnn
Fuel Pellet Diameter (inches)..................... 0.487
Fuel Pellet length (inches)....................... 0.8
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent)..........coevivvivinn..

Grain Size (microns)

Fuel Density (% theoretical)

0/U Ratio

Smear Density ... ... i

Spacer Pellet Material

Spacer Pellet Length (inches)

Plenum Spring Material

Plenum Spring Weight per Assembly (lbs)

Plenum Length (inches)............... ... . ... .... 11.24

Plenum Volume (cubic inches)

Comments:

The highest power, highest exposure rods have dished fuel
pellets.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 7 X 7 GE-2; VERS. 2 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code..... ... ... .. ... ... ... .. ..... 07G22
CDB Assembly Code.............. ... ... .. ... ... GO7E
CDB Assembly Class.......... ... iiiiiinnennnn. GE BWR/4,5,6
Initial Year of Manufacture......................
Final Year of Manufacture........................
Total Number Fabricated to Date..................
Assembly Width (inches)......... ... ... ... ... ... .. 5.438
Assembly Tength (inches).......... ... ... ... ...... 175.87

with Control Rod Inserted....................

including Holddown Device, etc...............
Rod Piteh (inches)...... ... ... i i 0.738
Total Assembly Weight (lbs)...................... 682.5
Weight of Heavy Metal (lbs).........ccivienn.n. 426-432
Metric Tons Initial Heavy Metal (metric tons).... 0.193-0.196
Enrichment Range (% U235)...... ... ... . ... 1.1-
Average Design Burnup (MWA/MTIHM)................
Maximum Design Burnup (MWA/MTIHM)................
Linear Heat Rating (KW/foot).....................
Comments !

The weight of the fuel assembly includes the weight of the
fuel channel. This assembly type used at BWR/4 class
reactors only. The width is the outside dimentsion of the
0.080" fuel channel.
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PHYSICAI. DESCRIPTION REPORT PAGE: 2

General Electrie 7 X 7 GE-2; VERS. 2 BWR

ETIA Assembly Code........ ... ... .. .. ... 07622
CDB Assembly Code............. ... .. ... ... ... GO7E
CDB Assembly Class......... ... .. ... ... GE BWR/4,5,6

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assewmbly Name Fraction
COMP. SPRINGS 49 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 1.9150 TOP St.Steel 304 1.00000
SPACERS 7 2.0290 IN CORE Zircaloy-4 0.84000

Inconel X-750 0.16000
B. TIE PLATE 1 64,4080 BOTTOM St.Steel 304 1.00000
FINGER SPRINGS 4 0.0480 BOTTOM Inconel X-750 1.00000
Drawing Numbers Associated With Assembly:

731E910 +SHARED
814E754P2

814E756 *SHARED
814¥882 +SHARED
829E845 +SHARED

References Associated With Assembly:

Bauer 1973

CP&L 1972

PSE&G 1970

Phil. Elec. 1970
Reder 1971

Conmments:

The weight of the compression springs wmay be included in the
weight of the top tie plate.



PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electvric 7 X 7 GE-2; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. ... ... . i 07G22

CDB Assembly Code. .. ... i GO7E

CDB Assembly Class. . ... ..ottt GE BWR/4,5,56
Type of Rod. ..o i e Fuel Rod
Fuel Rod Positions pev Assembly................... 49

Typical Number of Fueled Rods per Assembly........ 49
Rod Diameter (Inches) .. ...t nesn 0.563

Rod Length (inches)........... ... ... . ..... e (1595
Active Length (inches)...... ... ... ... ... ... .. ... ... 144 .0
Weight per Rod (lbs)..... ... oot

Clad Material. .. ... ... . i Zircaloy-2
Clad Thickness (Inches) . ...t i ieeinan.. 0.032

Clad Final Conditioning......... ... ... ... .. ... ...

Fuel-Clad Gap (inches). ... . i . 0.006

Fill Gas Used.. ... ..ot He

Initial Cas Pressuve (psig)........ ... ..o ..., 0
Nitrogen Content of Fill Gas (percent)............

Comments:

Central fuel rod is segmented. Gadolinia poisons are used
in some fuel rods.

* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for
fuel rods, and 159.33 inches for the tie rods, and 159.81
inches for the gadolinia-doped rods.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 7 X 7 GE-2; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code....... ... ... ... ..o, 07G22

CDB Assembly Code........ ... .. GO7E

CDB Assembly Class............ ... .. ... GE BWR/4,5,6
Fuel Pellet Material............. ... ..., Uranium Oxide
Fuel Pellet Shape....... .. .. i,

Fuel Pellet Diameter (inches)..................... 0.487

Fuel Pellet Length (inches)............... .. ...... 0.75

Fuel Pellet Weight per Rod (1bs)..................
Open Porosity (percent)............. ... ...
Grain Size (MIcrons) .. ... ..t

Fuel Density (% theoretical)...................... 93-95

O/U RATIO. ottt et

Smear Density ......... .. .. . ... i

Spacer Pellet Material............ ... ... .. ... ......
Spacer Pellet Length (inches).....................
Plenum Spring Material.............. ... .. .. ... .....
Plenum Spring Weight per Assembly (lbs)...........
Plernum Length (inches)......... .. ... .. .. ... ... ... 16
Plenum Volume (cubic inches)......................
Comments:

The highest power, highest exposure rods have dished fuel
pellets.
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PHYSICAL DESCRIPTION REPORT  PAGE: 1
General Electrie 7 X 7 GE-3; VERS. 1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. ... ... ... 07G31
CDB Assembly Code. ... ... i GO7D
CDB Assembly Class. ... ... ..o, GE BWR/2,3
Initial Year of Manufacture............ .. ........ 1972
Final Year of Manufacture............ ... ...
Total Numbetr Fabricated to Date..................
Assembly Width (inches).......... .. ... ... ..., 5.438
Assembly Length (inches)......................... 171.125
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Pitch (inches) ... ...t 0.738
Total Assembly Weight (lbs)............... . .....
Weight of Heavy Metal (lbs)......................

Metric Tons Initial Heavy Metal (metric tons)....

Enrichment Range (% U235).......... ... v, 2.3-2.5

Average Design Burnup (MWA/MTIHM)................
Maximum Design Burnup (MWd/MTIHM)................
Linear Heat Rating (KW/foot).....................
Comments:
This assembly used at BWR/2 and BWR/3 class reactors only.

The width is the outside dimension of the 0.080" fuel
channel.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 7 X 7 GE-3; VERS. 1 BWR

EIA Assembly Code.......... . ... ... .. ... ... 07G31
CDB Assenmbly Code........ ... .. .. ... i, GO7D
CDB Assembly Class.......... ... i iinen. ... GE BWR/2,3

FUE), ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 49 0.0000 TOP 0.00000
T. TIE PLATE 1 1.9150 TOP St:.Steel 304  1.00000
SPACERS 7 2.0290 IN CORE  Zircaloy-4 0.84000

Tnconel X-750 0.16000
B. TLIE PLATE 1 4.3610 BOTTOM St.Steel 304  1.00000
Drawing Numbers Associated With Assembly:
731E912

814E710
814E833

References Associated With Assembly:
GE 1976c¢c
Lee 1974
Mayer 1973a

Mayer 1973b
Raymond 1973

Conments

Drawing numbers taken from the ETIA RW-859 Data Base.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 7 X 7 GE-3; VERS. 1 BWR

FUEL ROL DESCRIPTION TARLE

EI& Assembly Code. ... i 07G31

CDB Assembly Code. ... ... .. . ... . . . . GO7D

ChE Assembly Class. ... ....... e e s GE BWR/2,3
Type of Red.......... e e e e e Puel Rod
Fuel Rod Positions per Assembly................... 49
Typical Number of Fueled Rods per Assembly...... .. A9

Rod Diameter (dnches) . .. .. e 0.563

Rod Length (inches) .. ... i, (1a4)y*
Active Length (inches)...... ... ... i i, 1440
Weight per Rod (Ibs). ... . ... i

Clad Material. . .. .. . . . . . i i i Zircaloy-2
Clad Thickness (inches). ... ... ... ... .. 0.037
Clad ¥inal Corditioning.......... ... ... ... ........

Fuel-Clad Gap (inches) . ... . . i 0.006
Fill Gas Used. ... ... v, C e He
Inivial Gas Pressure (Psig). ... 0
Nitrogen Content of Fill Gas (percent)............

Comments ;

Proprietary hydrogen getter in plenum region of each fuel
rod. Up to four gadolinia-poisoned fuel rods per assembly.

* The tip-te-tip fuel rod length is estimated from the fuel
rod length for other CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSTCAL DESCRIPTION REPORT PAGE: 4

General Electric 7 X 7 GE-3; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code....... ... e 07G31

CDB Assembly Code....... ... ... . i, GO7D

CDB Assembly Class.......... ... i GE BWR/2,3
Fuel Pellet Material....... .. ... ... Uranium Oxide
Fuel Pellet Shape..... ... Chamfered
Fuel Pellet Diameter (inches)..................... 0.477
Fuel Pellet Length (inches)....................... 0.5

Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).........c..iiiinnnnnonn
Grain Size (microns) . ... ... i,

Fuel Density (% theoretical)...................... 94-95
O/U Ratio. ..o e e

Smear Density ... ... .

Spacer Pellet Material......... ... ... ... .. ... ...

Spacer Pellet Length (inches).....................

Plenum Spring Matevrial............... ... ... ....

Plenum Spring Weight per Assembly (lbs)...........

Plenuwm Length (inches)...... ... ... . . .. .. .. ... 11.0
Plenum Volume (cubic inches)......................

Comments:
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PHYSTCAL DESCRIPTION REPORT PAGE: 1
General Electric 7 X 7 GE-3; VERS5. 2a BWR

OVERALL ASSEMBLY CHARACTERISTICS

EXA Assembly Code.... ... ... . i, 07G32
CDB Assembly Code........... ... ... . ... ... ..... GO7F
CDB Assembly Class. . ........ it nnnnn.. GE BWR/4,5,6
Initial Year of Manufacture.............c..cuv....
Final Year of Manufacture........................
Total Number Fabricated to Date..................
Assembly Width (inches)...... ... ... . ... ... ... 5.438
Assembly Length (ioches)...... ... ... ... ... .... 175.87
with Control Rod Inserted....................
including Holddown Device, etc. ... ... ... ... ..
Rod Pitch (Inches) . o ittt et vt v e
Total Assembly Weight (lbs)........ ... ... ... 674 .4
Weight of Heavy Metal (1lbs)...................... 413

Metric Tons Initial Heavy Metal (metric tons).... 0.1875

Enrichment Range (% U235)........ .. . i,

Average Design Burrup (MWA/MTIHM}................
Maximun Design Burnup (MWI/MTIHM) . ...............

Linear Heat Rating (KW/fcob).....................

Comments :
The weight of the fuel assewbly includes the weight of the
fuel chaonel. This assembly type used at BWR/4 class
reactors only. The width is the outside dimension of the
0.080" fuel channel.
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PHYSTCAI. DESCRIPTION REPORT PAGE: 2

General Electric 7 X 7 GE-3; VERS. 2a BWR

EIA Assembly Code. . ... ... . i, 07G32
CDB Assembly Code........... e e GO7F
CDB Assembly Class.......... ..., GE BWR/4,5,6

x&?a
FUEL ASSEMBLY HARDVARE PARTS AND MATERIALS

Part Name Parts/ Weigh%(kg)/ Zone Material Material
Assembly Asseni:ly Name Fraction
COMP. SPRINGS 49 0.0000 TOoPp Inconel X-750 1.00000
T. TIE PLATE 1 1.9150 TOP St:.Steel 304 1.00000
SPACERS 7 2.0290 IN CORE Zircaloy-4 0.84000

Inconel X-750 0.16000
B. TIE PLATE 1 4.4080 BOTTOM St.Steel 304 1.00000
FINGER SPRINGS 4 0.0480 BOTTOM Inconel X-750 1.00000
Drawing Numbers Associated With Assembly:

731E910 +SHARED
814E754P1
814E754P3
814E815

814E876

814E882 +SHARED
814E891

829E191

829E845 +SHARED

References Associated With Assembly:

Bauer 1973

Comment s :

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSTCAL DESCRIPTION REPORT PAGE: 3
General Electric 7 X 7 GE-3; VERS. 2a BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. ... ... .. .. i iiineinenneennn. 07¢632

CDB Assembly Code........................ Ce e GO7F

CDB Assembly Class. ... ... ... innnernnnnn. GE BWR/4,5.6
Type of Rod. ... . e Fuel Rod
Fuel Rod Positions pev Assembly................... 49
Typical Number of Fueled Rods per Assembly........ 49
Rod Diameter (inches) .. ... .. 0,563
Rod Length (inches) . .. ... . . .. . . . .. . .. (164)*
Active Length (inches) . ... ... . ... . .. .. 144.0
Weight per Bod (1bs) ... ..o
Clad Material........ ... it Zircaloy-2
Clad Thickness (Inches) . ... .t iiiinn s 0.037
Clad Final Conditioning...........................

Fuel-Clad Gap (inches). ... ... ... ., 0.006

F1ll Gas Used. .. . . e e He

Initial Gas Pressure (Psig)..... .o, 0
Nitrogen Content of Fill Gas (percent)............

Compents:

A proprietary hydrogen getter is used in the plenum region
of fuel rods. Gadolinia poisons are used in some fuel rods.

* The tip-to-tip fuel rod length 1is estimated from the fuel
rod length for other CLASS 456 assembly types. The actual
fuel rod lengrh for other assemblies is 163.71 inches.
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PHYSICAL DESCRIPTION REPORT PAGE: 4

EIA
CDB
CDB
Fuel
Fuel
Fuel
Fuel

Fuel

Open

Grain Size {(microns)

Fuel

0/U Ratio

Snear Density

Spacer Pellet Material

Spacer Pellet Length (inches)

General Electric 7 X 7 GE-3; VERS. 2a BWR

FUEL ROD DESCRIPTION TABLE continued

Assembly Code.. ... ... ... ... ... oL 07G32

Assembly Code. ... ... ... . . . i i GO7F

Assembly Class.......... . ... .. .. ... GE BWR/4,5,6
Pellet Material. . ... ... .. i Uranium Oxide
Pellet Shape....... .. Chamfered
Pellet Diameter (inches)..................... 0.477

Pellet Length (inches)......... ... ... ... .. ..... 0.5

Pellet Weight per Rod (lbs)..................

Porosity (percent)......... ...,

Density (% theoretical)

Plenum Spring Matevial...... ... ... ... ... ... ... . ...

Plenum Spring Weight per Assembly (1lbs)

Plenum Length (inches)............ ... ... .. uu.. 15.8

Plenum Volume (cubic inches)

Comments:
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PHYSTICAL DESCRIPTION REPORT PAGE: 1
General Electric 7 X 7 GE-3; VERS. 2b BWR

OVERALL ASSEMBLY CHARAGTERISTICS

ETA Assembly Code. ... ... ... ... 07G33
CDB Assembly Code. ... ... ... ... ... ... GO7G
CDB Assembly Class...... ... .. iineinnnnnon. GE BWR/4,5,6
Initial Year of Manufacture......................
Final Year of Manufacture...................¢c....
Total Number Fabricated to Date..................
Assembly Width (inches)......... ... . ... 5.438
Assembly Length (inches)........... ... .. ... ... .. 175.87
with Control Rod Inserted............ ...,
including Holddown Device, etc...............
Rod Pitch (inches) ... ... ... .. ..
Total Assembly Weight (lbs)...................... 681
Weight of Heavy Metal (lbs)...................... 418

Metric Tons Initial Heavy Metal (metric tons).... 0.1896

Enrichment Range (% U235)....... ... ..o,

Average Design Burnup (MWA/MTIHM)................
Maximum Design Burnup (MWA/MTIHM)................

Linear Heat Rating (KW/foot)............ .. ... ...

Comments :
Weight of the fuel assembly includes the weight of the fuel
channel. This assembly type used at BWR/4 class reactors
only. The width is the outside dimension of the 0.080" fuel
channel.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General FElectrie 7 X 7 GE-3; VERS. 2b BWR

ETA Assembly Code. ... ... i, 07G33
CDB Assembly Code...... . .. . i GO7G
CDB Assembly Class........ ... . i, GE BWR/4 5,6
FUEL ASSEMBLY HARDWARE PARTS AND MATERTIALS
Part Name Parts/ Weight(kg)/ Zortie Material Material
Assembly  Asseubly Name Fraction
COMP. SPRINGS 49 0.0000 TOP Tnconel X-750 1.00000
T. TIE PILATE 1 1.9150 TOP St.Steel 304 1.00000
SPACERS 7 2.0290 IN CORE Zircaloy-4 0.00000
Inconel X-750 0.00000
B. TIE PLATE 1 4, 4080 BOTTOH St.Steel 304 1.00000

Drawing Numbers Associated With Assembly:

B814E756 *SHARED
814905

References Associated With Assembly:

Bauer 1973

Comments :

The weights of the S¥D hardware for this assembly type are
estimates based on the weights of the SFD hardware for
similar assewbly types.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPCRT PAGE: 3
General Electric 7 X 7 GE-3; VERS. 2b BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. ... . i, 07G33

CDB Assembly Code.. ... ... ... . .. i GO7G

CDB Assembly Class. ... ... GE BWR/4,5,6
Type of Rod. .. i e e Fuel Rod
Fuel Rod Positions per Assembly................... 49

Typical Number of Fueled Rods per Assembly........ 49

Rod Diameter (inches) . ...... .. i, 0.563

Rod Length (dnches)..... ... ... .. . i, (164)*
Active Length (inches).......... ... .. .ty 146 .0
Weight per Rod (1bs) ... .. .. i,

Clad Material. ... .. i i e Zircaloy-2
Clad Thickness (inches) . ... ... . .. 0.037

Clad Final Conditioning........... ... .. ... ... ...,

Fuel-Clad Gap (inches)....... ... ... . L.

Fill Gas Used. . ...t it He

Initial Gas Pressure (psig).......... ... ... ... 0
Nitrogen Content of Fill Gas (percent)............

Comments

A proprietary hydrogen getter is used in the plenum region
of fuel reds. Gadolinia poiszons are used in some fuel rods.

* The tip-to-tip rod length is estimated from the fuel rod
length for other CLASS 456 assembly types. The actual fuel
rod length for other assemblies is 163.71 inches.
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PHYSICAIL DESCRIPTION REPORT PAGE: 4
General Electric 7 X 7 GE-3; VERS. 2b BWR

FUEL ROD DESCRIPTION TABLE continued

ETA Assembly Code. ... i 07G33
CDB Assembly Code......... ... i nn GO7G
CDB Assembly Class.......... ... ... GE BWR/4,5,6
Fuel Pellet Material............ ... ..., Uranium Oxide
Fuel Pellet Shape.. ... ...ty Chamfered
Fuel Pellet Diameter (inches)..................... 0.477
Fuel Pellet length (inches)........... ... . ... ..... 0.5
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent)........... ...y
Grain Size (Microns) .. ... ... it
Fuel Density (% theoretical)...................... 94
O0/U Ratio. . e e
Smear Densiby ... ... e e
Spacer Pellet Material............... ... . ... ......
Spacer Pellet Length (inches).....................
Plenum Spring Material............ ... ... ... ... ...
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)...... ... ... . ... ... ... .... 14

Plenum Volume (cubic inches)

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-4; VERS. 1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

ETA Assembly Code. .. ... ... ... ... ... 08G41

CDB Assembly Code........ ... . i, G08A

CDB Assembly Class. ... ... GE BWR/2,3

Initial Year of Manufacture......................

Final Year of Manufacture............. ...

Total Number Fabricated to Date..,................

Assembly Width (inches)........... ... ... .. ... .. 5.438

Assembly Length (inches)........... ... .. .. ..., 171.125
with Control Rod Inserted............ccou.u..
including Holddown Device, etc...............

Rod Piteh (inches) ... . ittt i 0.640

Total Assembly Weight (lbs)................... ...

Weight of Heavy Metal (lbs).......... ... ... .. ... 403

Metric Tons Initial Heavy Metal (metric tons).... 0.183

Enrichment Range (% U235)..... ... i, 2.19-2.62
Average Design Burnup (MWA/MTTHM)................

Maximum Design Burnup (MWA/MTIHM)................ 30000
Linear Heat Rating (KW/foot)............. ... ... .. 13.4

Comments:
This assembly used in BWR/2 and BWR/3 class reactors only.
The width is the outside dimension of the 0.080” fuel
channel.
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PHYSTICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-4; VERS. 1 BWR

ETIA Assembly Code. ... ... ... ... .. ... 08G41
CDB Assembly Code......... ... ... . ... .. GOBA
CDB Assembly Class.......... ... . iy GE BWR/2,3

FUEL ASSEMBLY HARDWARE PARTS AND MATERIAILS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 63 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0000 TOP St.Steel 304 1.00000
SPACERS 7 2.2750 IN CORE Zircaloy-4 0.85700

Inconel X-750 0.14300

WATER ROD* 1 0.8400 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.7700 BOTTOM St.Steel 304 1.00000
FINGER SPRINGS 4 0.0480 BOTTOM Inconel X-750 1.00000

Drawing Numbers Associated With Assembly:

814E988
829E249
829E343
829E390

References Associated With Assembly:

GE 1974

GE 19764
lee 1974
Mayer 1973b
Musolf 1983

Comment:s :

Finger springs are not part of all fuel assemblies.

* The weight of the water rod(s) is an estimate based on the
diminsions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-4; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE

ETA Assembly Code. .. ... ... i 08GAl

CDB Assembly Code....... ... . . i, GO8A

CDB Assembly Class....... ..o, GE BWR/2,3
Type of Rod. ... ... i i

Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 63
Rod Diameter (inches)....... ... ... ... . ... . ... 0.493
Rod Length (inches). ... ... .. .. . . i .. (159)*
Active Length (inches)...... ... ... ... ... ... ..., 144.0
Weight per Rod (lbs). ... .. ity

Clad Material........ ... .. Zircaloy-2
Clad Thickness (inches) .. ... . i, 0.034
Clad Final Conditioning...........c.. ...

Fuel-Clad Gap (inches).......... ... it

Fill Gas Used...... ... o i, He
Initial Gas Pressure (psig)........ .. ... .. 0
Nitrogen Content of Fill Gas (percent)............

Comments:

A proprietary hydrogen getter is used in the plenum region
of fuel rods. Up to 4 gadolinia-poisoned fuel rods are used
per assembly.

* The tip-to-tip fuel rod length is estimated from the fuel
tod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for
fuel rods, 159.33 for tie rods, and 159.8)1 inches for the
gadolinia-doped rods,
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 8 X 8 GE-4; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code....... . ... ... . i, 08G41

CDB Assembly Code......... ... .. ... GO8A

CDB Assembly Class.......... ... i . GE BWR/2,3
Fuel Pellet Material........... ... ... . ... . ... . . . ... Uranium Oxide
Fuel Pellet Shape........ ... ... Chamfered
Fuel Pellet Diameter (inches)..................... 0.416
Fuel Pellet Length (inches).................... ...
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).........c.c.oiiiuiiinon...
Grain Size (Microns) .. ... ...t i
Fuel Density (% theoretical)...................... 95.0

O/U Ratio. .. .o e e e

Smear Density ........ ... . ..

Spacer Pellet Matexrial........... ... ... .. .. .. ....
Spacer Pellet Length (inches).....................
Plenum Spring Material................. ... ........
Plenum Spring Weight per Assembly (lbs)...........
Plenum TLength (inches)............ ... . ... ... .. ... 11.24
Plenum Volume (cubic inches)

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-4; VERS. 2a BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. ... ..., 08G42
CDB Assembly Code........ ... i, GO8B
CDB Assembly Class. ........ouiiiiinniinennnnenn. GE BWR/4,5,6
Initial Year of Manufacture......................
Final Year of Manufacture............. ... .. ..
Total Number Fabricated to Date..................
Assembly Width (inches).......... ... ... ... ...... 5.478
Assembly Length (inches)......................... 175.87
with Control Rod Inmserted....................
including Holddown Device, etc...............
Rod Pitch (inches)...... ... . .. 0.640
Total Assembly Weight (lbs)............. ... .. ...
Weight of Heavy Metal (lbs).......... ..., 404.5

Metric Tons Initial Heavy Metal (wmetric tons),... 0.1835

Enrichment Range (% U235) ... ... i iiiiiinnnnn. 2.5-2.74
Average Design Burnup (MWd/MTIHM)................

Maximum Design Burnup (MWd/MTIHM)................ 30000
Linear Heat Rating (KW/foot)..................... 13.4

Comments:
This assembly used at BWR/4 class reactorss only. The width
is the outside dimension of the 0.100" fuel chanmnel.
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PHYSTCAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-4; VERS. 2a BWR

EXA Assembly Code........ ... ... i, 08G4?2
CDB Asseuwbly Code........ ... i, G0O8B
CDB Assembly Class....... ... i, GE BWR/4,5,6

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 63 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0000 TOP St.Steel 304 1.00000
SPACERS 7 2.2750 IN CORE  Zircaloy-4 0.85700

Inconel X-750 0.14300

WATER ROD* 1 0.8700 IN CORE Zircaloy-2 1.00000
8. TIE PLATE 1 4.8310 BOTTOM St.Steel 304 1.00000
FINGER SPRINGS 4 0.0480 BOTTOM Inconel X-750 1.00000

Drawing Numbers Associated With Assembly:
814£993
829E321
829E434

References Associated With Assembly:

GE 1974

Comments:
Finger springs are not part of all fuel assemblies.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.



PHYSTCAL DESCRIPTION REPORT PAGE: 3
General Electxric 8 X 8 GE-4; VERS. 2a BWR

FUEL ROD DESCRIPTION TABLE

EIA Agsembly Code. ... .. o i i, 08G42

CDB Assambly Code. ... ... .. i, GO8B

CDB Assambly Class. ... ... GE BWR/4,5,6
Type of Rod. ... i i i i e Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 63
Rod Diameter (Inches) . . ... .. . it 0.493
Rod Length (Inches). ... ... o i, (164)*
Active Length (inches). ... ... ... . . i, 144.0
Weight per Rod (lbs)..... ... i,

Clad Materilal. . .. . .ttt i i e Zircaloy-2
Clad Thickness (inches) . ... i, 0.034

Clad Final Conditioning............... .. .. ... ....

Fuel-Clad CGap (Inches) ... .. it

Fill Gas Used. . ... .. i it He

Initial Gas Pressufe (Peig) e 0
Nitrogen Content of Fill Gas (percent)............

Comments

A proprietary hydrogen getter used in the plenum region of
fuel rods. Up to four gadolinia-poisoned fuel rods used per
assembly.

* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 8 X 8 GE-4; VERS. 2a BWR

FUFEL. ROD DESCRIPTION TAEBLE continued

EIA Assembly Code..... ... ... i 08G42

CDB Assembly Code......... ... ... .. . GO8B

CDB Assembly Class. . ...... ... GE BWR/4,5,6
Fuel Pellet Material......... ... ... ... . ... ... Uranium Oxide
Fuel Pellet Shape........ ... Chamfered
Fuel Pellet Diameter (inches)..................... 0.416

Fuel Pellet Length (inches).................... ... 0.420

Fuel Pellet Weight per Rod (lbs)..................

Open Porosity (percent)...........c.oiiuiiuunoennnn

Grain Size (Microms) . ... ..o,

Fuel Density (% theoretical)...................... 95.0

0/U RaAtio. . i e e e e e

Smear Density ... .. ..

Spacer Pellet Material............ ... ...

Spacer Pellet: Length (inches).....................

Plenum Spring Material.............. ... ... ... . ...

Plenum Spring Weight per Assembly (lbs)...........

Plenmum Length (inches)......... ... ... .. .. ... ... .. 16

Plenum Volume (cubic inches)................. ... ..

Comments:
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PHYSICAL DESCRIPTION REPORT
General Electric 8 X 8 GE-4; VERS.

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code. . ... ... ... ... ...
CDB Assembly Code. ... .. iinnn..
CDB Assembly Class. . ... i ennnn..
Initial Year of Manufacture.....................

Final Year of Manufacture. . ... ... .. nen..

Total Number Fabricated to Date.................

Assembly Width (inches)............ ... ... ... ....

Assembly Length {inches)............... ... .. ....
with Contrel Rod Inmserted..,.................

Total Assembly Weight (Ibs).....................
Weight of Heavy Metal (lbs).....................
Metric Tons Initial Heavy Metal (metric tomns)....

Enrichment Range (% U235). ... .. . .. i,

Average Design Burnup (MWA/MTIHM) ..............
Maximum Design Burnup (MWd/MUTHM) ..............

Linear Heat Rating (KW/foot)...................

Comments:

PAGE:

2b BWR

08G43
GO8C
GE BWR/4

1

,5,6

The weight of the fuel assembly includes the welght of the
fuel channel. This assembly used at BWR/4 class reactors
only. The width is the outside dimension of the 0.080"

channel

fuel
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-4; VERS. 2b BWR

EIA Assembly Code. ... ... ... ... . .. i, 08G43
CDB Assembly Code........ ... . i, GO8C
CDB Assembly Class........ ... ... ... ... ... ... GE BWR/4,5,6

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 63 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0000 TOP St.Steel 304 1.00000
SPACERS 7 2.2750 IN CORE  Zircaloy-4 0.00000

Inconel X-750 0.00000

WATER ROD* 1 0.8700 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.8310 BOTTOM St.Steel 304 1.00000
Drawing Numbers Associated With Assembly:

8L4ES6L

829F131

829E293
References Associated With Assembly:

Elkins 1978

GE 1974

Jones 1975
LILCO 1976

Comments:
The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for

similar assembly types.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-4; VERS. 2b BWR

FUEL ROD DESCRIPTION TABLE

ETIA Assembly Code.......... ... i, 08GA3

CDB Assembly Code........ ... ... o i, GO8C

CDB Assembly Class........ ... GE BWR/4,5,6
Type of Rod. .. ... i i i e Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 63
Rod Biameter (Inches) ... ... ... 0.493
Rod Length (inches)........... . i, (164)*
Active Length (inches)........ ... i, 146.0
Weight per Rod (lbs)...... ..o,

Clad Material...... ... .. i, Zircaloy-2
Clad Thickness (inches)........coiiiiiiiin .. 0.034

Clad Final Conditicning........... ... . oo,

Fuel-Clad Gap (inches)...... ... ... .. ... 0.00%

FIll Gas Used. .. ... .ot He

Initial Gas Pressure (psig).......cviviiiiinnnnn 0
Nitrogen Content of Fill Gas (percent)............

Comments:

A proprietary hydrogen getter is used in the plenum region
of fuel rods. Up to four fuel rods contain gadolinia as a
neutron absorber.

* The tip-to-tip fuel rod length is estimated from the fuel
vod length for otber CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
eneral Electric 8 X 8 GE-4; VERS. 2b BWR

FUEL ROD DESCRIPTION TARLE continued

ETA Assembly Code..... ... .ty 08G43
CDB Assembly Code.. ... .ot inennnnnn GO8C
CDB sssembly Class. ... ... ... ety GE BWR/4,5,6
Fuel Pellet Material............... ... ... ... Uranium Oxide
Fuel Pellel Shape..... vttt Chamfered
Fuel Pellet Diameter (dimches)............ ... ... .. 0.416
Fuel Pellet Length (inches)....................... 0.42
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent)......... ... ..
Grain Size (MICTONS) ... ottt
Fuel Density (% theovetical)...................... 95
O/U RATLIO. . ittt it e i e e
Smeary Density ... e
Spacer Pellet Material........ ... ... .t
Spacer Pellet Leungth (inches).......... ... .......
Plenum Spring Material.............. ... ... ...
Plenum Spring Weight per Assembly (lbs)...........
Plenum length (inches)...... ... ... ... ... 0. 14

Plenum Volume {cubic inches)

Coimments :
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-5; VERS. 1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

ETA Assembly Code......... .. ... . i, 08G51
CDB Assembly Code........ ... o i i GO8D
CDB Assembly Class. ....... .o, GE BWR/2,3

Initial Year of Manufacture......... oo ruenn..
Final Year of Manufacture.......... ... . cuiu.o...

Total Number Fabricated to Date..................

Assembly Width (inches)......... ... i, 5.438
Assembly Length (inches)............. ... . .ot 171.125
with Control Rod Inserted....................

including Holddown Device, etc...............

Rod Pitch (Inches) ...t ittt ittt it e ien s 0.640

Total Assembly Weight (lbs)......................
Weight of Heavy Metal (Ibs).......... . v, 390

Metric Tons Initial Heavy Metal (metric tons).... 0.1768

Enrichment Range (% U235).......... .. ... .. ... 2.65-2.84
Average Design Burnup (MWA/MTIHM)................

Maximum Design Buvrnup (MWA/MTIHM)................ 30060
Linear Heat Rating (KW/foot).......... ... ... .. ... 13.4

Comments:
This assembly used at BWR/2 and BWR/3 class reactors only.
The width is the outside diammeter of the 0.080" fuel
channel. The inside diameter is given as 5.278", with
0.080" or 0.100" channels.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric &8 X 8 GE-5; VERS. 1 BWR

EIA Assembly Code.......... ... ... 08G51
CDB Assembly Code............. ... ..., GO8D
CDB Assembly Class......... ... GE BWR/2,3

FUEL ASSEMBLY HARDWARE PARTS AND MATERTALS

Fart Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Naine Fraction
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0980 TOP St.Steel 304 1.00000
SPACERS 7 2.3050 IN CORE Zircaloy-4 0.00000
Inconel X-750 0.00000
WATER ROD%* 2 1..8200 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304 1.00000
Drawing Numbers Associated With Assembly:
192B4ST7BMGL1 7
829E517 7
829E518 ?
829K775 ?

R

c

eferences Associated With Assembly:

GE 1978b
Musolf 1983

omments :

The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for
similar assembly types.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-5; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code......... ..., 08G51

CDB Assembly Code. .. ... ... ... GO8D

CDB Assembly Class........ .., GE BWR/2,3
Type of Rod. ... ... i i i Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 62
Rod Diameter (inches)......... ... 0.483
Rod Length (inches)....... ... . i, (159)*
Active Length (inches)....... ... . i, 145.24

Weight per Rod (Ilbs)..... ... ity

Clad Material........ ... .. i i i i o Zircaloy-2
Clad Thickness (inches) . ..... ... .. ... 0.032
Clad Final Conditioning.............. .. ... ...
Fuel-Clad Gap (Iinches)........ ... ... i,
Fill Gas Used. . ..ttt it He
Initial Gas Pressure (psig)........ ... ... ... . ... 0
Nitrogen Content of Fill Gas (percent)............
Comments:
A proprietary hydrogen getter is used in the plenum region
of fuel rods. Some fuel rods contain gadolinia as a
burnable neutron absorber.
* The tip-to-tip fuel rod length is estimated from the fuel

rod length for other CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSICAL DESCRIPTION REPORY PAGE: 4
General Electric 8 X 8 GE-5; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE continued

ETA Assembly Code...... ... ... ... ... . 08G51

CDB Assembly Code. ..... ... .. .. ... ... . . . .. GO8D

CDB Assembly Class........... ... ... .. ... GE BWR/2,3
Fuel Pellet Material..... ... .. .. ... .. . ... Uraniumn Oxide
Fuel Pellet Shape........ ... .. i, Chamfered
Fuel Pellet Diameter (inches)................o.... 0.410
Fuel Pellet Length (inches)....................... 0.410
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).............. . ... .......
Grain Size (microns) .. .. ... ...
Fuel Density (% theoretical)...................... 95.0
O0/U Ratio. ... e e e
Smear Density .. ... ... ... . e
Spacer Pellet Material............................
Spacer Pellet Length (inches).....................
Plenum Spring Material............................
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)......... ... . ... ... .. ...... 9.48

Plenum Volume (cubic inches)

Comments:

The top and bottom six inches of the active fuel length are
fueled with natural uranium.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-5; VERS. 2 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code....... ... .. i iiiiiiennnn 08G52
CDB Assembly Code. ..o vi i iiiiii e GO8G
CDB Assembly Class............ ... ... ... ..., GE BWR/4,5,6
Initial Year of Manufacture..............iuenn.
Final Year of Manufacture..............c.0uiuuv...
Total Number Fabricated to Date..................
Assembly Width (inches)....... .. ... .. o it 5.478
Assembly Length (inches)...... ... ... ... ... ... ... 175.87
with Control Rod Inserted................c...
including Holddown Device, etc...............
Rod Pitch (inches) . ... ... . . i, 0.640
Total Assembly Weight (lbs)...... ... ... ... ... ...
Weight of Heavy Metal (lbs)......... ... 403

Metric Tons Initial Heavy Metal (metric tons).... 0.1826

Enrichment Range (% U2353) ... .. ... . 2.60-2.74
Average Design Burnup (MWA/MTIHM)................

Maximum Design Burnup (MWA/MTIHM)................ 30000
Linear Heat Rating (KW/foof)..................... 13.4
Comments :

This assembly used at BWR/4, BWR/5, and BWR/6 class reactors
only. The width is the outside dimension of the 0.1007 fuel
channel.
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PHYSICAL DESCRIPTION REPORT PAGE:
General Electric 8 X 8 GE-5; VERS. 2 BWR
EIA Assembly Code......... ... . ... ... 08G52
CDB Assembly Code....... ... ... ... . ... . .. G08G

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/
Assembly

COMP. SPRINGS 62

T. TIE PLATE 1
SPACERS 7
WATER ROD¥* 2
B. TIE PLATE 1

FINGER SPRINGS 4

Drawing Numbers Associated

829E375
829E433
829E434
829E441
829E443
829E473
829E490
829E4905
829E520
829E774
829E776
829E7770
829E998

S R M R A L RN B B B B S

Weight(kg)/  Zone

Assembly
0.0000 TOP
2.0980 TOP
2.3050 IN CORE
1.8800 IN CORE
4.6700 BOTTOM
0.0480 BOTTOM

With Assembly:

References Associated With Assembly:

Elkins 1978
GE 1976a

GE 1977

GE 1986b
Rogers 1975
Whitmer 1978

Comments:

Material
Name

Inconel X-750
St.Steel 304
Zircaloy-4
Inconel X-750
Zircaloy-2
St.Steel 304

Inconel X-750

Material
Fraction

1.00000
1.00000
0.85700
0.14300
1.00000
1.00000

1.00000

* The weight of the water rod(s) is an estimate based on the

dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-5; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE

ETA Assembly Code........... ... .. . ... 08G52

CDB Assembly Code.. ... ... ... ... i, GO8G

CDB Assembly Class........vviiiiiiiiinennnenn, GE BWR/4,5,6
Type of Rod. .. o i i e Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 62
Rod Diameter (inches) . ... ... ittt 0.483
Rod Length (inches)........... ... .. i it 163.71%
Active Length (inches)........... ... .. i, 150.0

Weight per Rod (lbs)........ i,

Clad Material. ... ... ..t Zircaloy-2

Clad Thickness (inches)........ ... 0.032

Clad Final Conditioning........... ... i

Fuel-Clad Gap (inches)...... ... .. .. ... o .

Fill Gas Used. ... ... it He

Initial Gas Pressure (psig)................... . ... 0

Nitrogen Content of Fill Gas (percent)............

Comments:
A proprietary hydrogen getter is used in the plenum region
of the fuel rods. Gadolinia is used is some fuel rods as a

burnable neutron absorber.

*The tip-to-tip length of a standard fuel rod is taken from
EPRI-NP-4602.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 8 X 8 GE-5; VERS. 2 BWR

FUEJL. ROD DESCRIPTION TABLE continued

EIA Assembly Code........... .. ... . ... 08G52
CDB Assembly Code........... ..o, GO08G
CDB Assembly Class............ ... i, GE BWR/4,5,6
Fuel Pellet Material......... ... ... i Uranium Oxide
Fuel Pellet Shape........ ... .. Chamfered
Fuel Pellet Diameter (inches)..................... 0.410
Fuel Pellet Length (inches)....................... 0.410
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).............. ... ... ...
Grain Size (microns)......... .. ... . . ... ...
Fuel Density (% theoretical)...................... 95.0
O/U Ratio. ... it i et e e e e e
Smear Density ... ...
Spacer Pellet Material.............. ... ..........
Spacer Pellet Length (inches).....................
Plenum Spring Material................ ... ...... ...
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)........... ... .............. 9.48
Plenum Volume (cubic inches)......................

Comments :
The top and bottom six inches of the active fuel length are
fueled with natural uranium,
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PHYSTCAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 Pres.; VERS5. 1 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code......... ... ... . iiiiuann 08Gs61l
CDB Assembly Code........ ... ... i, GO8E
CDB Assembly Class. ... ... v uiie i inneenannnsas GE BWR/Z,3
Initial Year of Manufacture......................
Final Year of Manufacture........................
Total Number Fabricated to Date..................
Assembly Width (inches)....... ... .. .. ... . ... .... 5.438
Assembly Length (inches)......................... 171.125
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Pitch (Inches) . ... i i iennn 0.640
Total Assembly Weight (1lbs)......................
Weight of Heavy Metal (lbs)...................... 388-390

Metric Tons Initial Heavy Metal (metric tons).... 0,176-0.177

Enrichment Range (% U235)............. .. ......... 2.65-2.84
Average Design Burnup (MWd/MTIHM)................

Maximum Design Burnup (MWA/MTTIHM)................

Linear Heat Rating (KW/foot)..................... 13.4

Comments:
This assembly used at BWR/2 and BWR/3 class reactors only.
The width is the outside dimension of the 0.080”" fuel
channel.



PHYSTICAL DESCRIPTION REPORT PAGE:
General Electric 8 X 8 Pres.; VERS. 1 BWR
EIA Assembly Code......... .. i, 08G61
CDB Assembly Code.......... ... GO8E
CDB Assembly Class........ .. iiiniiniannnennn. GE BWR/2,3
FUEL ASSEMBLY HARDWARE PARTS AND MATERTALS
Part Name Parts/ Weight(kg)/ Zone Material
Assembly Assembly Name
COMP. SPRINGS 62 0.0000 TOP Inconel X-750
T. TIE PLATE 1 2.0980 TOP St.Steel 304
SPACERS 7 2.3050 IN CORE Zircaloy-4
Inconel X-750
WATER ROD* 2 1.8200 IN CORE  Zircaloy-?2
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304

Drawing Numbers Associated

192B457BMG1
829E517
829E518

?
?
?
829E775 ?

References Associated With

GE 1978b
GE 1978b
Musolf 1983

Comments:

The weights of the SFD hardware for this assembly type are

110

With Assembly:

Assembly:

estimates based on the weights of the SFD hardware for

similar assembly types.

* The weight of the water rod(s) is an estimated based on

the dimensions of the water rod and the density of

Zircaloy-2.

Material
Fraction

1.00000
1.00000
0.00000
0.00000
1.00000

1.00000

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSTCAL DESCRIPTION REPORT

General Electric 8 X B Pres.; VERS.

FUEL ROD DESCRIPTION TABLE

ETA Assembly Code.......... ... . i
CDB Assembly Code............... ... ... ...,
CDB Assembly Class.......... ..o,
Type of Rod. ... . i it
Fuel Rod Positions per Assembly..............
Typical Number of Fueled Rods per Assembly...
Rod Diameter (inches)........... ... ...
Rod Tength (inches)........ ... ... ...,

Active Length (inches)................. ... ...

Weight per Rod (lbs)........ ... ... o ...

Clad Material......... .. i,
Clad Thickness (inches)..........ciiiinuvnn..
Clad Final Conditioning......................
Fuel-Clad Gap (inches).......... ... ...
Fill Gas Used. . ... ... ittt
Initial Gas Pressure (psig)..................

Nitrogen Content of Fill CGas (percent).......

Comments:

PAGE: 3

1 BWR

.... GOBE

..... (159)*

..... 145.24

A proprietary hydrogen getter is used in the plenum region
of fuel rods. Some fuel rods contain gadolinia as a

burnable neutron absorber.

% The tip-to-tip fuel rod lenght is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for

fuel rods, 159.33 inches for the tie rods,
for the gadolinia-doped rods.

and 159.81 inches
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PHYSICAL DESCRIPTION REPORT PAGE: 4

General Electric 8 X 8 Pres.; VERS. 1 BWR

FUEIL. ROD DESCRIPTICN TABLE continued

EIA Assembly Code.............. ... ... ... .. ... 08Gs61

CDB Assembly Code.. ... ... ... ... . ... GO8E

CDB Assembly Class. . ... ... . GE BWR/2,3
Fuel Pellet Material............ ... . ... . ... ... ... Uranium Oxide
Fuel Pellet Shape.......... ... i, Chamfered
Fuel Pellet Diameter (inches)..................... 0.410

Fuel Pellet Length (inches)....................... 0.410

Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).........c.iviiiiiiinnn..

Grain Size (microns)

Fuel Demsity (% theoretical)...................... 95.0

0/U Ratio

Smear Density

Spacer
Spacer
Plenum
Plenum
Plenum

Plenum

Pellet
Pellet
Spring
Spring
Length

Volume

Comments:
The top and
fueled with

....................................

Material.. .......... ... ... ... . ... ...
Length (inches)......... ... ... ......
Material......... ... ... i,
Weight per Assembly (lbs)...........
(inches) . . ... i e 9.48
{(cubic inches)........... ... ... ....

bottom six inches of the active fuel length are
natural uranium.



113

PHYSICAL DESCRIPTION REPORT PAGE: 1
General Flectric 8 X 8 Pres.; VERS. 2 BUWR

OVERALL ASSEMBLY CHARACTERISTICS

ETA Assembly Code....... .. .., 08662
CDB Assembly Code. ... .. .. it GO8H
CDB Assembly Class. ... ... i, GE BWR/4,5,6
Initial Year of Manufacture. ... ... ieenaennn.
Final Yeay of Manufacture. . ... ...
Total Number Fabricated to Date......... oo,
Assembly Width (inches)........ ... ... . ... ... ... 5.438
Assembly Length (inches).......... ... ... ... ... 175.87
with Control Rod Inserted............ ...
including Holddown Device, etc...............
Rod Pitch (inches) .. .. . it i i i enenn 0.640
Total Assembly Weight (lbs)................... ...
Weight of Heavy Metal (Ibs).......... ... ... 403

Metric Tons Initial Heavy Metal (metric tons).... 0.1826

Enrichment Range (3 U235) ... .. i, 2.60
Average Design Burnup (MWA/MTTHM)................
Maximum Design Burnup (MWA/MTIHM)................
Linear Heat Rating (KW/foot)......... ... ... ... ... 13.4

Comments:
This assembly use at BWR/4, BWR/S5, and BWR/6 class veactors
only. The width is the outside dimension of the 0.080”
fuel chamnel.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 Pres.; VERS. 2 BWR

EIA Assembly Code........ ... ... 08G62
CDE Assembly Code....... ... ... ... .. .. ... GO8H
CDB Assembly Class.......... ... GE BWR/4,5,6

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0980 TOP St.Steel 304 1.00000
SPACERS 7 2.3050 IN CORE  Zircaloy-4 0.00000

Inconel X-750 0.00000
WATER ROD* 2 1.8800 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTCOM St.Steel 304 1.00000
Drawing Numbers Associated With Assembly:

829E375
829E433
829E434
829E441
829E443
829E473
829E490
829E4905
829E520
829E774
829E776
829E7770
829E998

e IR S B I IR R B "R ERL S B LRSS ]

References Associated With Assembly:

Elkins 1978

Comment:s :

The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for
similar asssembly types.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
welght of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 Pres.; VERS. 2 BWR

FUEL ROD DESCRIPTION TARLE

EIA Assembly Code.......... ... i, 08G62

CDB Assembly Code........... ... ... ... ... ....... GO8H

CDB Assembly Class. ... ... ... iiinninnrunnen.. GE BWR/4,5,
Type of Rod. ... . i i it Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 62
Rod Diameter (inches).......... ... .. .. .. ... ... .. 0.483

Rod Length (Iinches) . ... ..ottt (164)*
Active Length (inches)......... ... ... ... .. ... .... 150.0

Weight per Rod (Ibs)....... ...

Clad Material.. ... ... .ttt ei i Zircaloy-2
Clad Thickness (inches) ... ... ... 0.032
Clad Final Conditioning............. ... i ..
Fuel-Clad Gap (inches)........ ... ... iy
Fill Gas Used. .. ...ttt eieinnnean He
Initial Gas Pressure (psig)......cuiviviiinei... 30
Nitrogen Content of Fill Gas (percent)............
Comments:
A proprietary hydrogen getter is used in the plenum region
of the fuel rods. Gadolinia is used in some fuel rods as a
burnable neutron absorber.
* The tip-to-tip fuel rod length is estimated from the fuel

rod length for other CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSICAL DESGRIPTION REPORT PAGE: 4
General Electric 8 X 8 Pres.; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. ... ... ... ... i, 08G62

CDB Assembly Code........ ... .. ... . ... GO8H

CDB Assembly Class......... ... GE BWR/4,5,6
Fuel Pellet Matexrial ... .. ... .. . i, Uranium Oxide
Fuel Pellet Shape... ... ... .. . i, Chamfered
Fuel Pellet Diameter (inches)..................... 0.410

Fuel Pellet Length (inches)............. ... ... .... 0.410

Fuel Pellet Weight per Rod {(1bs)..................

Open Porosity (percent).............. oo,

Grain Size (WicTOnS) .. vt e e e

Fuel Density (% theoretical)........ .. ... ... ... ... 95.0

0/U Ratio

Smear Densily ....... . .. . .

Spacer Pellet Material........... ... . o,
Spacer Pellet Tength (inches).....................
Plenum Spring Material........... ... ...... ... ......
Plenum Spring Weight per Assembly (lbs)...........
Plenum Length (inches)........... ... ... . ... ... .... 9. 48
Plenum Volume (cubic inches)

Comimments:
The top and bottom six inches of the active fuel length are
fueled with natural uranium.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 Bavrier; VERS. 1 BRWR

OVERALI ASSEMBLY CHARACTERISTICS

EIA Assembly Code...... ... .. . i, 08G71
CDB Assembly Code........ ... .. i, GOSF
CDB Assembly Class.......... ... ... ... ... ... ..... GE BWR/2,3
Initial Year of Manufacture......................
Final Year of Manufacture........................
Total Number Fabricated to Date..................
Assembly Width (inches). ... ... ... i, 5.438
Assembly Length (inches).................. ... ... 171.125
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Pitch (dnches) . ... . it innns 0.640
Total Assembly Weight (lhs)......... ... ..........
Weight of Heavy Metal (lbs)......... ..., 388-390

Metric Tons Initial Heavy Metal (metric tons).... 0.176-0.177

Enrichment Range (% U235)......... ... . .. 2.65-2.84

Average Design Burnup (MWd/MTIHM)................

Maximum Design Burnup (MWd/MTIHM)................

Linear Heat Rating (KW/foot).....................

Comments:
This assembly used at BWR/2 and BWR/3 class reactors only.
The width is the outside dimension of the 0.080" fuel

chamnel .

Pure zirconium barrier on the interior of fuel rod cladding
to reduce pellet-clad interaction.
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PHYSTCAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 Barrier; VERS. 1 BWR

ETA Assembly Code.......... ... .. ... 08G71
CDB Assembly Code.............. .. . iiiionn. GO8¥
CDB Assembly Class........ ... .. .. iy GE BWR/2,3

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction/
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0980 TOP St.Steel 304 1.00000
SPACERS 7 2.3050 IN CORE  Zircaloy-4 0.00000

Inconel X-750 0.00000
WATER ROD#* 2 1.8200 IN CORE  Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304 1.00000
Drawing Numbers Associated With Assembly:
192B457BMGL 7
829E517 ?
829E518 ?
829E775 ?

References Associated With Assembly:

Comments:

The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for
similar assembly types.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 Barrier; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code...... ... .. i, 08G71

CDB Assembly Code........ ... i, GO8F

CDB Assembly Class......... .o, GE BWR/2,3
Type of Rod. ... i it es Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 62
Rod Diameter (inches)....... .. 0.483
Rod Length (inches).......... ... ..t 158 .95%
Active Length (inches)........ ... ... 145.24

Weight per Rod (lhs) ... .o,

Clad Material. ... ... ..ottt Zircaloy-2
Clad Thickness (inches) .. ... ... 0.032
Clad Final Conditioning........... .o,
Fuel-Clad Gap (inches). ... ... . i,
Fill Gas Used. ... . i i i e eana He
Initial Gas Pressure (psig)......... ..o, 30
Nitrogen Content of Fill Gas (percent)............
Comments:
A proprietary hydrogen getter is used in the plenum region
of the fuel rods. Gadolinia is used in some fuel rods as a
burnable neutron absorber.
* The tip-to-tip length of a standard fuel rod. Tie rods

are approximately 159.33 inches long, and gadolinia-doped
fuel rods are approximately 159.81 inches long.
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PHYSICAL DESCRIPTION REPORT PAGE: 4

General Electric 8 X 8 Barrier; VERS. 1 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly
CDB Assembly
CDB Assembly

Code. . i e e 08G71
Code. v i i e e GO8F
Class. . it e e e GE BWR/2,3

Fuel Pellet Material......... .. ... . ... Uranium Oxide

Pellet Shape....... .. ... . i Chamferad

Fuel
Fuel Pellet Diameter (inches)..................... 0.410

Fuel Pellet Length (inches)............ ... ....... 0.410

Fuel Pellet Weight per Rod (lbs)..................

Open Porosity

(percent) ... e

Graln Size (microms) ... ... ittt

Fuel Density (% thecretical)...................... 95.0

0/U Ratio.....

Smear Density

Spacer Pellet
Spacer Pellet
Plenum Spring
Plenum Spring
Plenum Length
Plenum Volume
Comments:

The top and
fueled with

Material. ... ... ... i,
Length (inches).....................
Material............... ... .. .
Weight per Assembly (lbs)...........
(inches) .. ... .. . 9.48
(cubic inches)......................

bottom six inches of the active fuel length are
natural uranium,
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 Barrier; VERS. 2 BWR

OVERALL ASSEMBLY CHARACTERISTICS

EIA Assembly Code.......... .. ... it 08G72
CDB Assembly Code....... .. ... i i, G081
CDE Assembly Class.......... ... GE BWR/4,5,6
Initial Year of Manufacture......................
Final Year of Manufacture............ ... . .......
Total Number Fabricated to Date..................
Assembly Width (inches)............ ... ... .. ot 5.438
Assembly Length (inches)............ .. ... . ... 175.87
with Control Rod Inserted....................
including Holddown Device, etc...............
Rod Pitch (inches) . . .. ittt e 0.640
Total Asgsembly Weight (lbs). ... ... ... ...
Weight of Heavy Metal (lbs)........... ... ... . ... 403
Metric Tons Initial Heavy Metal (metric tons).... 0.1826
Enrichment Range (% U235)........ ... ... il 2.60
Average Design Burnup (MWA/MTIHM)................
Maximum Design Burnup (MWd/MTIHM)................
Linear Heat Rating (KW/foot)............. ... .....
Comments:

This assembly use at BWR/4, BWR/5, and BWR/6 class reactors
only. The width is the outside dimension of the 0.080" fuel
channel.

Pure zirconium barrier on the interior of fuel rod cladding
to reduce pellet-clad interaction.
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PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 Barrier; VERS. 2 BWR

EIA Assembly Code...... ... ... ... ... . . ... .. 08G72
CDB Assembly Code......... ... . ... GO81
CDB Assembly Class.......... ... ... GE BWR/4,5,6

FUEL. ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0980 TOP St.Steel 304  1.00000
SPACERS 7 2.3050 IN CORE  Zircaloy-4 0.00000

Inconel X-750 0.00000
WATER ROD¥* 2 1.8800 IN CORE  Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304  1.00000
Drawing Numbers Associated With Assembly:

829E375
829E433
829E434
829E441
829E443
829E473
829E490
829E4905
829E520
8298774
829E776
829E7770
829E998

N N N ) N ND N N N D) N D D

References Associated With Assembly:

Comments:

The weights of the SFD hardware for this assembly type are
estimates based on the weights of the SFD hardware for
similar assembly types.

* The weight of the water rod(s) is an estimate based on the
dimensions of the water rod and the density of Zircaloy-2.

The weight of the compression springs may be included in the
weight of the top tie plate.
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 Barrier; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code. ... ... .. i, 08G72

CDB Assembly Code........ ., G081

CDB Assembly Class....... .ot GE BWR/4,5,6
Type of Rod. ... i i Fuel Rod
Fuel Rod Positions per Assembly................... 64

Typical Number of Fueled Rods per Assembly........ 62

Rod Diameter (inches)....... ... it 0.483

Rod Length (inches)........ ... ... .. (164)*
Active Length (inches)......... ... ... ... ... .. ... 150.0

Weight per Rod (lbs)..... ... iy

Clad Material....... ... . i Zircaloy-2
Clad Thickness (inches)........ ..., 0.032
Clad Final Conditioning.............. ...
Fuel-Clad Gap (inches)........ .. ...
Fill Gas Used. ... ... . i He
Initial Gas Pressure (psig).......c..viiiiiiinn.n. 30
Nitrogen Content of Fill Gas (percent)............
Comments:
A proprietary hydrogen getter is used in the plenum region
of fuel rods. Gadolinia is used in some fuel rods as a
burnable neutron absorber.
* The tip-to-tip fuel rod length is estimated from the fuel

rod length for other CLASS 456 assembly types. The actual
fuel rod length for other assemblies is 163.71 inches.
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PHYSICAL DESCRIPTION REPORT PAGE: 4

General Electric 8 X 8 Barrier; VERS. 2 BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code.......... ... ... 08G72

CDB Assembly Code.......... ..o iiiiiininnn. G081

CDB Assembly Class......... ... ... GE BWR/4 5,6
Fuel Pellet Material...... ... ... .. ... ... ... Uranium Oxide
Fuel Pellet Shape. ...... .ttt Chamfered
Fuel Pellet Diameter (imches)..................... 0.410
Fuel Pellet Length (inches)....................... 0.410
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent)...........viiiiiennninn..

Grain Size (wicrons)

Fuel Density (% theoretical)................... ... 95.0

0/U Ratio

Smear Density

Spacer
Spacer
Plenum
Plenum
Plenum

Plenum

Pellet
Pellet
Spring
Spring
Length

Volume

Comments:
The top and
fueled with natural uranium.

Material .. .. ... ... . ... ... ... . ...
Length (inches).....................
Material.......... ... .. ... .. .. ...
Weight per Assembly (lbs)...........
(inches) . ... .. . i e 9.48

(cubic inches)........ ... ... ... .....

bottom six inches of the active fuel length are
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-8; VERS. 1a BWR

OVERALL ASSEMBLY CHARACTERISTICS

CDB Assembly Code........... ... ... i, G08J
CDB Assembly Class. . ... ... it in i, GE BWR/2,3

Initial Year of Manufacture.......... ...

Final Year of Manufacture.........c.viimuunnnenn

Assembly Width (inches)...... ... ... i,

Assembly Length (inches).............. ... ... .....
with Control Rod Inserted....................
including Holddown Device, etc...............

Rod Pitch (inches) .. ... ... .. i,

Total Assembly Weight (lbs)............. .. ... ...
Weight of Heavy Metal (lbs)......................
Metric Tons Initial Heavy Metal (metric tons)....

Enrichment Range (% U235)...... .. . i,

Average Design Burnup (MWA/MTIHM)................
Maximum Design Burnup (MWA/MTIHM)................

Linear Heat Rating (KW/foot).....................

Comments :
This assembly used in BWR/2 and BWR/3 class reactors only.

No quantative data for this assembly is available.
Qualatitively, this assembly type uses new several
mechanical and nuclear features. These include:
1) increased prepressurization (to 5 ATM),
2) increased pellet diameter,
3) wvariable number of water rods (up to 4),
4) single diameter upper end plug shafts,
5) a streamlined upper tie plate to reduce the two-phase
pressure drop,
6) higher bundle enrichments for longer operating cycles
and increased discharge burnup, and
7) axially zoned gadolinia.
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PHYSTCAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-8; VERS. la BWR

EIA Assembly Code..........c.iiiiiieiinnnnnnn. 08G81
CDB Assembly Code......... ... G08J
CDB Assembly Class......... ... ... i, GE BWR/2,3

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATK 1 2.0980 TOP St.Steel 304 1.00000
SPACERS 7 2.3050 IN CORE  Zircaloy-4 0.00000

Inconel X-750 0.00000
WATER ROD 4 0.0000 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304 1.00000

Drawing Numbers Associated With Assembly:

References Associated With Assembly:

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-8; VERS. la BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code....... .o iiviiiieineeanens 08G81

CDB Assembly Code...... ... oo, G08J

CDB Assembly Class.........oiiiiiiniiinnenenn. GE BWR/2,3
Type of Rod. ... .. i e e Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 60

Rod Diameter (inches) .. ... ...,
Rod Length (inches)......... ... ... it (159)*
Active Length (inches)............ .. ... .ot 145.24

Weight per Rod (1bs)..... ... iy

Clad Material........ . iiiniinennn.n

Clad Thickness {(inches)......... ... .,

Clad Final Conditioning............. ..o,

Fuel-Clad Gap (inches)...... ... ..o i

Fill Gas Used. ... ... .ttt

Initial Gas Pressure (psig).......... ... ... . . ...

Nitrogen Content of Fill Gas (percent)........... ;

Comments:
* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for

fuel rods, 159.33 inches for tie rods, and 159.81 inches for
the gadolinia doped rods.
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PHYSICAL DESCRIPTION REPORT PAGE: 4

General Electric 8 X 8 GE-8; VERS. la BWR

FUEL ROD DESCRIPTION TABLE continued

ETA Assembly Code. ... ... ... .. .. 08G81

chB

ssembly Code. ... ... . ... i G08J

CDB Assembly Class......... ... .. GE BWR/2,3

Fuel Pellet Material..... ... .. . . ...

Fuel Pellet Shape........ ... ...

Fuel Pellet Diameter (inches).....................

Fuel Pellet Length (inches).......................

Fuel Pellet Weight per Rod (lbs)..................

Open Porosity (percenlt).........o.iiiiinunnn..

Grain Size (MICTONS) .. . vttt e i

Fuel Density (% theoretical)......................

0/U Ratio

Smear Density

Spacer
Spacer
Plenum
Plenum
Plenum

Plenum

Pellet
Pellet
Spring
Spring
Length

Volume

Comments:
The top and
fueled with

Material........... .. ... ... ... . ...
Length (inches).....................
Material............. ... ... ... .. ...
Weight per Assembly (lbs)...........
(inches) . ... ... . e
(cubic inches)......................

bottom six inches of the active fuel length are
natural uranium.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-8; VERS. 1b BWR
OVERALIL ASSEMBLY CHARACTERISTICS
EIA Assembly Code. ... . i, 08G31
CDB Assembly Code. ... . i i, GO8N
CDB Assembly Class. . ...t GE BWR/2,3

Initial Year of Manufacture, ... ...

Assembly Width (inches)... ... ... ... .t

Assembly Length (inches).........................
with Control Rod Inserted....................
including Holddown Device, etec...............

Rod Pitch (inches) . .. ittt i iei e i

Total Assembly Weight (lbs)......... ... ... ......
Weight of Heavy Metal (Ibs).......... ... .. ......
Metric Tons Initial Heavy Metal (metric tons)....

Enrichment Range (% U233)..... .. . it

Average Design Burnup (MWA/MTIHM)................
Maximam Design Burnup (MWA/MTIHM)................

Linear Heat Rating (KW/foot).....................

Comments:
This assembly used in BWR/2 and BWR/3 class reactors only.

No guantative data for this assembly is available.
Qualatitively, this assembly type uses new several
mechanical and nuclear features. These include:
1) increased prepressurization (to 5 ATM),
2) increased pellet diameter,
3) variable number of water rods (up to 4),
4) single diameter upper end plug shafts,
5) a streamlined upper tie plate to reduce the two-phase
pressure drop,
6) higher bundle envichments for longer operating cycles
and increased discharge burnup, and
7) axially zoned gadelinia.
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PHYSTICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-8; VERS. 1b BWR

EIA Assembly Code......... ... ..., 08G81
CDB Assembly Code.......... .00, GOSN
CDB Assembly Class........... ... GE BWR/2,3

FUEL ASSEMBLY HARDWARE PARTS AND MATERTALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction

Drawing Numbers Associated With Assembly:

References Associated With Assembly:

Comments:
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electriec 8 X 8 GE-8; VERS. 1lb BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code....... ... ... i innnenn 08G81

CDB Assembly Code....... ... ... ..o, GOBN

CDB Assembly Class........ .o niinenenns GE BWR/2,3
Type of Rod. .. .. i i i Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 60

Rod Diameter (inches)....... ... ... ...
Rod Length (inches)........ ... .. o .. (159)=
Active Length (inches)........ ... . ... i, 142.24

Weight per Rod (lbs)......... ... ...

Clad Material . ... ... .. . . it

Clad Thickness (inches)......... ... .

Clad Final Conditioning................ ... ...

Fuel-Clad Gap (Inches) ... ... iiiinennn

Fill Gas Used. ... . ... . it it i

Initial Gas Pressure (psig).......... ... ... ... ....

Nitrogen Content of Fill Gas (percent)............

Comments:
* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for

fuel rods, 159.33 inches for tie rods, and 159.81 inches for
the gadolinia doped rods.
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PHYSTCAL DESCRIPTION REPORT PAGE: 4

EIA
CDB
CDB
Fuel
Fuel
Fuel
Fuel

Fuel

Open

General Electric 8 X 8 GE-8; VERS. 1b BWR

FUEL ROD DESCRIPTION TABLE continued

Assembly Code.......... ... ... .. 08G81
Assembly Code....... ... ... ... . oL GO8N
Assembly Class. ... ... ... .. .. GE BWR/2,3
Pellet Material....... ... .. .. ..

Pellet Shape..... ...,

Pellet Diameter (inches)....... ... ... .. ...,

Pellet Length (inches)............ ... .. .. ...

Pellet Weight per Rod (lbs)..................

Porosity (percent) . ...... ...

Grain Size (MICrons) . ... ...

Fuel

Density (% theoretical)......................

0/U RATIO. ot e ettt e

Smear Density .......... ...

Spacer Pellet Material......... ... ... ... ... ...

Spacer Pellet Length (inches)...... ... ... ... ...

Plenum Spring Material............................

Plenum Spring Weight per Assembly (lbs)...........

Plenum Tength {(inches)........ ... ... .. ... ... ... ...

Plenum Volume (cubic inches)................... ...

Comments:
The top and bottom six inches of the active fuel length are
fueled with natural uranium.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-8; VERS. 2a BWR

OVERALL ASSEMBLY CHARACTERISTICS

ETA Assembly Code. .. ... .. i, 08G82
CDB Assembly Code......... ... ... GO8K
CDB Assembly Class. ... .o .. GE BWR/4,5,6

Initial Year of Manufacture............ccoeeenan.
Final Year of Manufacture............. .. .. ... ...

Total Number Fabricated to Date............c.....

Assembly Width (inches)....... ... ... .o o,

Assembly Length (inches).........................
with Control Rod Inserted....................
including Holddown Device, etec...............

Rod Pitch (inches) .. ... ... i,

Total Assembly Weight (lbs)......................
Weight of Heavy Metal (lbs)......................
Metric Tons Initial Heavy Metal (metric tons)....

Enrichment Range (% U235)........ ... . ..

Average Design Burnup (MWA/MTIHM)................
Max imum Design Burnup (MWA/MTIHM)................

Linear Heat Rating (KW/foot).....................

Conmments:
This assembly used in BWR/4, BWR/5, and BWR/6 class reactors

only.

No quantative data for this assembly is available.
Qualatitively, this assembly type uses new several
mechanical and nuclear features. These include:
1) increased prepressurization (to 5 ATM),
2) increased pellet diameter,
3) variable number of water rods (up to 4),
4) single diameter upper end plug shafts,
5) a streamlined upper tie plate to reduce the two-phase
pressure drop,
6) higher bundle enrichments for longer operating cycles
and increased discharge burnup, and
7) axially zoned gadolinia.



134

PHYSICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-8; VERS. 2a BWR

ETIA Assembly Code........... ... .. 08G82
CDB Assembly Code......... ..., GO8K
CDB Assembly Class.......... ..., GE BWR/4,5,6

FUEL. ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction
COMP. SPRINGS 62 0.0000 TOP Inconel X-750 1.00000
T. TIE PLATE 1 2.0980 TOP St.Steel 304 1.00000
SPACERS 7 2.3050 IN CORE Zircaloy-4 0.00000
Inconel X-750 0.00000
WATER ROD 4 0.0000 IN CORE Zircaloy-2 1.00000
B. TIE PLATE 1 4.6700 BOTTOM St.Steel 304 1.00000
Drawing Numbers Associated With Assembly:

R

C

eferences Associated With Assembly:

omments :
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-8; VERS., 2a BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code.. ... ... ..., 08G82

CDB Assembly Code............. ... ..., GO8K

CDB Assembly Class............c.iiiiiiuinnnnnn. GE BWR/4,5,6
Type of Rod. .. ..ttt et e e Fuel Rod
Fuel Rod Positions per Assembly................... 64

Typical Number of Fueled Rods per Assembly........ 60

Rod Diameter (inches)........... ... .. ...
Rod Length (inches)........ ... .. (164)*
Active Length (inches)....... ... ... .. . .. 150.0

Weight per Rod (1bs) .. ... ... i,

Glad Material. ... ...t e

Clad Thickness (inches)........ ... ... ..

Clad Final Conditioning....................c......

Fuel-Clad Gap (Inches) . ... . i,

Fill Gas Used. ... ... ittt e i

Initial Gas Pressure (pPsig).......ciiriinnnnunnn.

Nitrogen Content of Fill Gas (percent)............

Comments:
* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for

fuel rods, 159.33 inches for tie rods, and 159.81 inches for
the gadolinia doped rods.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 8 X 8 GE-8; VERS. 2a BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code. ... ... ... ... ... .. L 08G82
CDB Assembly Code........... ... ... ... GO8K
CDB Assewbly Class. ... ... . o i GE BWR/4,5,06
Fuel Pellet Material......... ... .. .. ...
Fuel Pellet Shape........ ... . o,
Fuel Pellet Diameter (inches).....................
Fuel Pellet Length (inches).......................
Fuel Pellet Weight per Rod (lbs)..................
Open Porosity (percent).................onin...
Grain Size (microns).......... ...
Fuel Density (% theoretical)......................

O0/U Ratio, ... . e e

Smear Density ....... ... ... . e

Spacer Pellet Material

Spacer Pellet Length (inches)......... ... ... . ...
Plenum Spring Material....... ... ... ... .. ... ... ...

Plenum Spring Weight per Assembly (1lbs)

Plenum Length (inches)

Plenum Volume (cubic inches)

Comments:

The top and bottom six inches of the active fuel length are
fueled with natural uranium.
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PHYSICAL DESCRIPTION REPORT PAGE: 1
General Electric 8 X 8 GE-8; VERS. 2b BWR
OVERALL ASSEMBLY CHARACTERISTICS
ETA Assembly Code. ... ... .. .. i iiinnn.. 08G82
CDB Assembly Code. ... ... .o nn.. G080
CDB Assembly Class...... ..., GE BWR/4,5,86

Initial Year of Manufacture.......... ...

Final Year of Manufacture.......... oo ...

Assembly Width (inches)............ ... ... ......

Assembly Length (inches).............. ... ..
with Control Rod Inserted....................

Total Assembly Weight (lbs)......... ... ... ......
Weight of Heavy Metal (lbs)........... ... ... . ...
Metric Tons Initial Heavy Metal (metric tons)....

Enrichment Range (% U235)......... ... ... ...,

Average Design Burnup (MWA/MTTHM)................
Maximum Design Burnup (MWA/MTIHM)................

Linear Heat Rating (KW/fool).....................

Comments :
This assembly used in BWR/4, BWR/5, and BWR/6 class reactors
only.

Ne guantative data for this assembly is available.
Qualatitively, this assembly type uses new several
mechanical and nuclear features. These include:
1) increased prepressurization (to 5 ATM),
2) increased pellet diameter,
3) variable number of water rods (up to 4),
4) single diameter upper end plug shafts,
5) a streamlined upper tie plate to reduce the two-phase
pressure drop,
6) higher bundle enrichments for longer operating cycles
and increased discharge burnup, and
7) axially zoned gadolinia.
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PHYSTICAL DESCRIPTION REPORT PAGE: 2

General Electric 8 X 8 GE-8; VERS. 2b BWR

EIA Assembly Code......... . ...ttt 08G82
CDB Assembly Code............. ... ... G080
CDB Assembly Class............iiiiiiiinnnn... GE BWR/4,5,6

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS

Part Name Parts/ Weight(kg)/ Zone Material Material
Assembly  Assembly Name Fraction

Drawing Numbers Associated With Assembly:

References Associated With Assembly:

Comments :
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PHYSICAL DESCRIPTION REPORT PAGE: 3
General Electric 8 X 8 GE-8; VERS. 2b BWR

FUEL ROD DESCRIPTION TABLE

EIA Assembly Code....... ... iiiiinnian, 08G82

CDB Assembly Code.......... ... ... i, G080

CDB Assembly Class............ .. e GE BWR/4,5,6
Type of Rod. ... Fuel Rod
Fuel Rod Positions per Assembly................... 64
Typical Number of Fueled Rods per Assembly........ 60
Rod Diameter (inches)......... ...,
Rod Length (inches)....... ... .oty (164)*
Active Length (inches)........ ...t 147.0
Weight per Rod (lbs) ... ... oy

Clad Material...... ... .o
Clad Thickness (inches).........c.iiiinean..
Clad Final Conditioning............ ... v
Fuel-Clad Gap (inches)....... ... .. iy

Fill Gas Used. ... .. e

Initial Gas Pressure (psig)...... ... .oy

Nitrogen Content of Fill Gas (percent)............

Comments :
* The tip-to-tip fuel rod length is estimated from the fuel
rod length for other CLASS 23 assembly types. The actual
fuel rod length for other assemblies is 158.95 inches for

fuel rods, 159.33 inches for tie rods, and 159.81 inches for
the gadolinia doped rods.
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PHYSICAL DESCRIPTION REPORT PAGE: 4
General Electric 8 X 8 GE-8; VERS. 2b BWR

FUEL ROD DESCRIPTION TABLE continued

EIA Assembly Code...... ... .. .. . .. 08G82
CDB Assembly Code............ .. ... oo, G080
CDB Assembly Class.......... ... . i, GE BWR/4,5,6
Fuel Pellet Material.............. ... ... ...

Fuel Pellet Shape....... .. ...

Fuel Pellet Diameter (inches)...............u. ...

Fuel Pellet Length (inches)........... ... ... .. ....

Fuel Pellet Weight per Rod (lbs)..................

Open Porosity (percent)......... ... ..

Grain Size (Microns) ... ... ...ttt

Fuel Density (% theoretical)......................

O/U Ratio. ... . e

Smear Density .......... ... .. i

Spacer Pellet Material........ ... ..
Spacer Pellet Length (inches).................. ...
Plenum Spring Material.............. ... ... ... . ...
Plenum Spring Weight per Assembly (lbs)...........
Plenuw Tength (inches)...... ... ... ... ... ... ...
Plenum Volume (cubic inches)......................
Comments:

The top and bottom six inches of the active fuel length are
fueled with natural uranium.
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APPENDIX B

FUEL ASSEMBLY DRAWINGS
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