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3. MECHANICAL DESICN

3.1 GENERAL DESIGN DESCRIPTION

The 8x8 fuel bundle contains 63 fueled rods and one spacer-capture vater
rod which are spaced and supported in a square (Bx8) array by the upper and
lover tie plates (see Figure 3=1). The lower tie plate hae & nosepiece which
has the function of supporting the fuel sssembly in the reactor. The upper tie
plate has a handle for transferring the fuel bundle from one location to another,
The identifying assembly number is engraved on the top of the handle, and a boss
projects from one side of the handle to aid in assuring proper fuel assembly
orientation., Both upper and lower tie plates are fabricated from Type-304 stain-

less steel castings.

Each fuel rod consists of high-density (95% TD) UO2 fuel pellets stacked
in a Zivcaloy=2 cladding tube which is evacuated, backfilled wit' helium, and
sealed by welding Zircaloy end plugs in each end, The fuel rod cladding thick-
ness is adequate to be "free-standing," 1.e., capable of withstanding external
reactor pressure without collapsing onto the pellets within., Although most
fiseion products are retained within the uoz. a fraction of the gaseous products
are released from the pellet and accumulate in a plenum at the top of the rod.
Sufficient plenum volume is provided to prevent excessive internal pressure from
these fission gases or other gases liberated over the design life of the fuel.
A plenum spring, or retainer, is provided in the plenum space to prevent move-
ment of the fuel column inside the fuel rod during fuel shipping and handling.

Three types of rods are employed in a fuel bundle: tie rods, a water rod,
and standard rods. The eight tie rods in each bundle have threaded ena plugs
which thread into the lower tie plate casting and extend through the upper tie
plate casting., A stainless steel hexagonal nut and locking tab are installed
on the upper enc plug to hold the assembly together. These tie rods support the
weight of the assembly only during fuel handling operations when the assembly
hangs by the handle; during operation, the fuel rods are supported by the lower
tie plate. One rod in each fuel bundle (see Figure 3-2) ie a hollow water tube
used to position seven Zircaloy-é4 fuel rod spacers vertically in the bundle.
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2. SUMMARY

The Monticello Unit I Reload-2 fuel will employ an 8x8 fuel assembly con-
figuration instead of the previously used 7x7. The pellet diameter, pellet
length, cladding diameter, and rod pitch are changed from 7x7 design; how-
ever, the assembly exterior dimensions remain unchanged. The basic materials
and fuel fabrication process used for the Reload-2 fuel assemblies are the same
as those used on the 7x7 design.

The design reference core configuration for this license submittal consists
of 116 Reload-2 new fuel bundles with an average enrichment of 2.62 wt% U-235,
20 Reload-1 fuel bundles with an average exposure about 5550 MWd/t and 348 Ini-
tial fuel bundles with an average exposure about 10,300 MWd/t. All temporary
control curtains are removed from the core. The Reload-2 fuel bundle uses gado-
linium for reactivity control augmentatisn. The relative location of the
Reload-2 fuel bundles is shown in Figure 2-). The design reference core was
developed from an extrapolation from expected cycle 2 operation to the end
of cycle and it contains extensive shuffling of irradiated fuel assemblies.

At the time of the outage the final core loading will be analyzed and compared
to the design reference case to insuce that the core meets license requirements.

Snutdown calculations have been made on the full use of all Reload-2 bundles.,
Ample shutdown margin for the most reactive condition in the cycle has been
calculated for the design reference core.

These results indicate that the reactor will be able to operate safely at
1670 MWt after the outage and setisfy all license requirements.

Table 2-1

FUEL TYPE AND NUMBER

Fuel Type Number
Initial 348
Reload 1 20
Reload 2 116
Total 4B4

2-1
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Table 3-1 presents & summary of 8x8 design dimensions and & comparison to

initial core and Rl fuel, and Figure 3-2 shows the loca*ion of the various
fuel rod types within the Reload-2 assembly,

3.2 MECHANICAL DESIGN BASES

In meeting the power generation objectives, the nuclear fuel shall be used
a8 the initial) barrier to the release of fission products. The fission product
retention capability of the nuclear fuel shall be substantial during normal modes
of reactor operation so that significant amounts of radiosctivity are not released

from the reactor fuel barrier.

The nuclear fuel shall be designed to assure (in conjunction with the core
nuclear characteristics, the core thermal and hydvaulic characteristics, the
plant equipment characteristics, and the capability of the nuclear instrumenta-
tion and reactor protection system) that fuel damage limits will not be exceeded
during either planned operation or abnormal operational transients caused by any
single equipment malfunction or single operator error.

3.2.17 Basis for Fuel Damage Analysis

Fuel damage ie defined as a perforation of the fuel rod cladding which would
permit the release of fission products to the reactor coolant.

The mechanisme which could cause fuel damage in reactor operationai tran-
sients are: (1) rupture of the fuel rod cladding due to strain caused by rela-
tive expansion of the 002 pellet; and (2) severe overheating of the fuel rod
cladding caused by inadequate cooling,

A value of 1X plastic strain of the Zircaloy cladding has traditionally
been defined as the limit below which fuel damage due to overstraining of the
fuel cladding 1s not expected to occur. The 1% plastic strain value is based on
General Electric data on the strain capability of irradisted Zircaloy cladding
segments from fuel rods operated in several BHI-.’ None of the data obtained
fall below the '% plestic strain value; however, a statistical distribution fit
to the available data indicates the 1% plastic strain value to be approximately
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The water rod is a hollow Zircaloy=2 rod equipped with a square bottom end plug

to prevent rotaticn and assure proper location of the water rod within the fuel
assenbly. Several holes are drilled around the circumference of the water rod

&t each end to allow coolant water to flow through the rod. The spacers are
equipped with Inconel-X springs and maintain rod-to-rod spacing. The remaining

55 rods in a bundle are standard rods the same active fuel length as the tie rods.
The end plugs of the standard rods have pins which fit into anchor holes in the
tie plates. An Inconel«X expansion spring located over the top end plug pin of
each fuel rod keeps the fuel rods seated in the lower tie plate and allows them
to expand axially and independently by sliding within the holes of the upper te

plate.

The fuel pellets consist of high-density ceramic uranium dioxide manufactured
by compacting and sintering uranium dioxide powder into cylindrical pellets with
chamfered edges., The average UO2 pellet immersion density is approxiuately 95%
of theoretical density,

Four different U-235 enrichments are used in the fuel assemblins to reduce
the local power peaking factor (see Figure 3-2). Fuel element design and manu-
facturing procedures have been developed to prevent errors in enrichment location
within a fuel assembly. The fuel rods are designed with characteristic mechani-
cal end fittings, one for each enrichment. End fittings are designed so that it
is not mechanically possible to completely put together a fuel assembly with any
high enrichment rods in positions specified to receive a lower enrichment. As
in the 7x7 assembly design, the 8x8 bundle incorporates the use of small amounts
of gadolinium as a burnable poison in selected fuel rods. The gadolinia~urania
fuel rods are designed with characteristic extended end plugs. These extended
end plugs permit a positive, visual check on the location of each gadolinium-

bearing rod after bundle assembly,

Most aspects of the 8x8 bundle design are similar to the current 7x7 design.
Specifically, the upper and lower tie plates, the fuel rod spacers, the upper and
lower end plugs, and other associated bundle hardware are geometrically similar
to the 7x7 except for modeling down in size to be «.upatible with the increased
number of rods per bundle and the reduced rod diametral wall thickness. The 8x8
fuel assembly outline dimeneions are the same as the current 7x7 dimensions.

3-4
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Table 3-1 (Continued)

Inftial Reload Fuel
Core Puel R R2
Spacers
Material Zr=4 with Z2r=-4 with Zr-4 with
Inconel Inconel Inconel
Springs Springs Springs
Number per Bundle 7 7 7
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the 95X point in the total population. This distribution implies, therefore, a
swall (<5%) probability that some cladding segments may have plastic elonga~
tion less thap 1% at failure.

For design purposes, critical heat flux (the onset of the transition from
nucleate boiling to film boiling) is conservatively defined as a design limit
for fuel damage, although fuel damage is not expected to occur until well into
the film boiling regime. Severe overheating of the fuel rod cladding is assumed
to occur at a condition of minimum critical hest flux ratio (MCHFR - the minimum
ratio of the critical heat flux correlation value at the corresponding fluid con-
ditions to the actual heat flux at a given point in the fuel assembly) less than
1.0, 1f MCHFR rewains above 1.0 no fuel damage occurs as a result of inadequate
cooling. The steady-state MCHFR and the resulting MCHFR during transients are
discussed in more detail in Sections & and 6.

3.2.2 Effects of Radiation and Fuel Swelling

Irradiation affects both fuel and cladding material properties., The effects
include an increased cladding strength and a reduced cladding ductility., In addi-
tion, irradiation in a thermal reactor environment results in the buildup of both
gaseous and solid fiseion products within the UO2 fuel pellet which tend to
increase the pellet diameter, 1.e., fuel irradiation swelling., Pellet internal
porosity and pellet-to-claddirg gap have been specified in such a way that the
thermal expansion and irradiation swelling are accommodated for the worst-case
dimensional tolerances throughout life., The irradiation swelling model is based
on data reported in References 1 and 2, as well as an evaluation of applicable

high exposure dlu.3

Observations and calculstions based on this refined model for relative 002
fuel-cladding expansion indicate that the as-fabricated UO2 pellet porosity is
adequate (without pellet dishing) to accommodate the fission-product-induced UO2
swelling out to and beyond the peak exposures anticipated for this relood.3

The primary purpose of the gap between the 002 fuel pellet and Zircaloy
cladding 18 to accommodate differential diametral expansion of fuel pellet and
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cladding and, thus, preclude the occurrence of excessive gross dismetral cladding
strain. A short time after reactor startup, the fuel cracks radially and redis~
tributes out to the cladding. Experience has shown that this g4p volume remains
aveilable 11 the form of radial cracks to accommodate gross diametral fuel

4
expansion,

The thermal conductance across the pellet/clad g8p, in theory, depends upon
the gas conductivity and the distance of the pellet from the cladding when pellet
and clad are not in contact, and upon the pressure of the fuel on the cladding
if they are in contact., Initially, the gap 18 filled with helium., As the fuel
accumulates exposure, a number of phenomena which can influence the pellet-clad
thermal conductance can become important. Fission gases are released from the
fuel and dilute the helium gas to form a mixture of He, Kr, Xe and UO2 impurity
volatiles with lower thermal conductivity than pure helium in the free volume
within the fuel rods. In addition, it has been postulated that the phenomenon
of fuel densification may tend to cause an increase in the pellet-to-cladding gap
with an attendant feedback on pellet-clad thermal conductance. The important
Ovservation in this regard is that there is a phenomenon which tends to counter=~
act the adverse effects of fiseion gas dilution and fuel densification. Spe-
cifically, 1t has been observed that for high power BWR fuel rods, the fuel
pellet~to-cladding gap closes progressively with exposure in spite of any effect
of densification on pellet diameter, with the result that the pellets and clad-
ding achieve intimate contact with increasing exposure, thus reducing the impor-
tance of the gas conductivity to good thermal conductlncc.‘

Thie qualitative discussion serves merely to describe the phenomena influ~
encing peilet-clad thermal conductance with increasing exposure. In the integral
models employed in the detailed mechanical design analysis of BWR fuel, the value
of pellet-clad thermal conductance is held constant for convenience. The constant
value employed is 1000 Btu/h-ftz-'r. The use of this constant value has been
found to be & conservative assumption when applied in conjunction with the inte-
gral fuel design models employed by General Electric, Specifically, the design
fission gas release model employed in the determination of fuel rod plenum size
and cladding wall thickness has been shown to overpredict available data on fis~
sion gas release when applied with a pellet-clad thermal conductance value of
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1000 ltu/h-ltz-'r. Similarly, the design model for relative fuel-cladding
expansion (pellet-to-cladding interaction) also has been shown to be very con=
servative relative to available data when a value of 1000 ltu/h-ftz-'r 18 used
for pellet-cladding thermal conductance. The basis for these integral fuel
design models 1s described in more detail in Reference 3.

Fission-product buildup also tends to cause a slight reduction in fuel melt-
ing temperature. The melting point of UO2 is considered to reduce with irradia-
tion at the rate of 32(°C)/10,000 (MWd/Te).

In the temperature range of interest (>500°C) the fuel thermal conductivity
is not considered to be significantly affected by irradiation,

A small fraction of the gaseous fiesion products (approximately 20%) are
released from the fuel pellets to produce an increase in fuel rod internal gas
pressure, In , neral, such irradiation effects on fuel performance have been
characterized by available data and are considered in determining the design
features and performance. Thus, the irradiation effects on fuel performance
are inherently considered when determining whether or not the stress intensity
limits and temperature limits are satisfied.

3.2.3 Maximum Allowable Stresses

The strength theory, terminology, and stress categories presented in the
ASME Boiler and Pressure Vessel Code, Section IIl, are used as a guide in the
mechanical design and etress analyeis of the reactor fuel rods. The mechanical
design is based on the maximum shear stress theory for combined stresses. The
equivalent stress intensities used are defined as the difference between the most
positive and least positive principal stresses in a triaxial field. Thus, stress
intensities are directly comparable to strength values found from tensile tests.
Table 3-2 presents a summary of the basic stress intensity limite that are
applied for Zircaloy-2 cladding:
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Table 3-2
STRESS INTENSITY LIMITS

Yield Strength Ultimate Tensile
Categories (Sy) Strength (Su)
Primary Membrane Stress 2/3 1/2
Primary Membrane Plus Bending Stress
Intensity 1 1/2 to 3/4
Primary Plus Secondary Stress Intensity 2 1.0 to 1.5

In the design of BWR Zircaloy-clad 002 pellet fuel, no continuous func-
tional variations of mechanical properties with exposure are employed since the
irradiation effects become saturated at very low exposure. At beginning of life,
the cladding mechanical properties employed are the unirradiated values. At
subsequent times in life, the cladding mechanical properties employed are the
saturated irradiated values. The only exception to this is that unirradiated
mechanical properties are employed above the temperatures for which irradiation
effects on cladding mechanical properties are assumed to be annealed out. It is
significant that the values of cladding yield strength and ultimate tensile
strength employed represent the approximate lower bound to data on cladding fab-
ricated by General Electric, 1.e., approrimately two standard deviations below
the mean value,

Design analyses have been performed for the 8x8 reload fuel which show that
the stress intensity limits given in the above table are not exceeded during
continuous operation with linear heat generation rates up to the operating limit
of 13.4 kW/ft, nor for short-term transient operation up to 161 above the peak
operating limit of 13.4 kW/ft, 1.e., 15.6 kW/ft, Stresses due to external cool-
ant pressure, internal gas pressure, thermal effects, spacer contact, flow-
induced vibration, and manufacturing tolerances were considered. Cladding
mechanical properties used in stress analyses are based on test data of fuel
rod cladding for the applicable temperature.
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3:3:4 Capacity for Fission Gas lnvengogz

A plenum 1s provided at the top of each fuel rod to accommodate the fission
gas reieased from the fuel during operation. The design basis is to provide suf~
ficlent volume to limit the fuel rod internal pressure so that cladding stresses
do not exceed the limits given in Table 3-2 during normal operation and for
short-term transients of 16X or less above the peak normal operating conditions.

3.2.5 Maximum Internal Gas Pressure

Fuel rod internal pressure is due to the helium which is backfilled at one
atmosphere pressure during rod fabrication, the volatile content of the UOZ'
and the fraction of gaseous fission praducts which are released from the uoz.
The most limiting combination of dimensional tolerances is assumed in defining
the hot plenum volume used to compute fuel rod internal gas pressure. A quantity
of 1,35 x 10’3 gram moles of fission gas are produced per MWd of power produc-
tion. In fuel rod pressure and sgtress calculations, 4,02 of the fission gas pro-
duced 1s calculated to be released from any UO2 volume at a temperature less
than 3000°F and 1002 from any 002 above 3000°F. The above basis has been demon~-
strated by experiment to be conservative over the complete range of design tem-
perature and exposure conditions. The calculated maximum fission gas release
fraction in the highest design power density rod is <20%. This calculation is
conservative because it assumes the most limiting peaking factors applied to this
rod. The percentage of total fuel rod radioactivity released to the rod plenum
is less than 20T because of radicactive decay during diffusion from the uoz.

3.2.6 Internal Pressure and Cladding Stresses During Normal Conditions

The maximum in'ernal pressure is applied coincident with the minimum appli-
cable coolant pressure to compute the resulting cladding stresses which, com-
bined with cladding stresses from other sources, must satisfy the stress limits
described in Table 3-2, The maximum internal pressure generally does not exceed
1800 peia.
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3.2.7 Cyeling and Fatigue Limite

The design basis for fuel fatigue limits consists of the linear cumulative
damage rule (Miner's hypothouto)s and the Zircaloy farigue design basis of
Reference 6. The fatigue life analysis is based on the estimated number of tem
perature, pressure, and power cycles, During fuel life, less than 5% of the
allowable fatigue life is consumed.

Cyelic Condition Estimated Cycles
Room temperature to 1002 power . . .« « & 4 « « & ¢ o ¢ 4 4 s 4 4+ 40« N/yr
Hot standby to 100 power . . « + « &« &« & s o o v 4 4 s 4 0 4 v 0w e s e M2yr
S0% power to 100X POWEr . . & « « 4 ¢ ¢ 4 4 4 4 v v o b w s s e e s s w s NB0/yr
758 power to 100X POWEr « &« v ¢ ¢ & ¢ + 4 4 4 s 4 w4 s s s s s e s s s N2SO/yE
100X power o 116X POWEr .« o « « 4 s o o « s & o o o 4 v 8 s 0 0 3 0 s NM/2yr

3.2.8 Deflection

The operational fuel rod deflections considered are the deflections due to:

1. Manufacturing tolerances
2. Flow-induced vibration
3. Thermal effects

4, Axial load

There are two criteria that limit the magnitude of these deflections. One
criterion is that the cladding stress limits must be satisfied; the other is that
the fuel rod-to-rod and rod-to-channel clearances must be sufficient to allow
free passage of coolant water to all heat trensfer surfaces. Thermal hydraulic
testing has demonstrated that allowing a statistical minimum clearance of 0.060
inch at two standard deviations away from the nominal clearance is sufficient to
assure a very low probability of local rod overheating due to occurrence of
critical heat flux,
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3.2.9 Tlow Induced Fuel Rod Vibrations

Flow-induced fuel rod vibrations depend primarily on flow velocity and fuel
rod geowetry. For the range of flow rates and geometrical variations for the
plant, vibretional amplitude does not exceed 0.002 inch. The maximum vibrational
amplitude occurs midway between spacers due to the constraint of the epacer. The
stress levels resulting from the vibrations are negligibly low and well below the
endurence limit of all affected components.

3,2.10 [Fretting Corrosion

Fretting wear and corrosion heve been considered in establishing the fuel
mechanical design basis. Individual rods in the fuel assembly are held in posi-
tion by spacers located at intervals slong the length of the fuel rod. Springs
are provided in each spacer cell so that the fuel rod is restrained to avoid
excessive vibration. Tests of this design have been conducted both out of
reactor as well as in reactor prior to spplication in a complete reactor core
basis. All tests and post-irrediation examinations have indicated that fretting
corrosion does not occur., Post-~irradiatior axamination of many fuel rods indi-
cetes only minor fretting wear, Excessive wear at spacer contact points has
never been observed with the current spacer configuration.

3.2.11 Potential for Hydriding

The design basis for fuel in regard to the cladding hydriding mechanism 1s
to assure, through a combination of engineering specifications and strict manu-
facturing controls, that production fuel will mot contain excessive quantities
of moisture or hydrogenous impurities. An engineering specification limit om
moisture content in & loaded fuel rod is defined which 1s well below the thresh~
old of fuel failure., Procedural controls are utilized in manufacturing to pre-
vent introduction of hydrogenous impurities such as oils, plastics, etc., to the
fuel rod., Hot vacuum outgassing (drying) of each loaded fuel rod just priocr to
final end-plug welding is employed to assure that the level of moisture is well
belww the specification limit. As @ further assurance against possible fuel rod
perforation resulting from inadvertent admission of moisture or hydrogeneous
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impurities into a fuel rod, General Electric is nov using & zircunium alloy
hydrogen getter msterial in all fuel rods. This getter material has been proven
effective by both in-pile and out-of-pile tests.

3.2,12 Dimensional Stability

The fuel assembly and fuel components have been designed to assure dimen=-
sional stability in-service. The fuel cladding and channel epecifications
include provisions to preclude dimensional changes dut to residual stresses.

In addition, the fuel assembly has been designed to accummodate dimensional
changes that occur in-service due to thermal differential expansion and irradiae-
tion effecte: for example, the fuel rods are free to expand lengthwise inde-
pendent of each other, and the channel is free to expand relative to the fuel
bundle.

3.3 RESULTS FROM MECHANICAL DESIGN EVALUATIONS

3.3.1 Steady-State Mechanical Performance

Reload fuel 1s designed to operate at core rated powver with sufficient
design margin to accommodate reactor operations and satisfy the mechanical
design bases discussed in detail in Section 3.2. 1In order to accomplish this
objective, the 8x8 reload fuel is designed under the most limiting conditions
at 1002 of rated power, to operate at a maximum steady-state linear heat genera-
tion rate of <13.4 kW/ft,

Thermal and mechanical analyses have been performed which demonstrate that
the mechanical design vases are met for the maximum operating power and exposure

combination throughout fuel life.

3.3.2 Fuel Damage Analysis

For fresh 002 fuel the calculated linear heat generation rate (LHGR) cor=
responding to 1% diametral plastic strain of the cladding is approximately 25.4
kW/ft. Later in life the calculated linear heat generation rate correspondiag
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to 12 diametral plastic strain decreases to approximately 23.8 kW/ft at 25,000
Mid/t and approxiuately 21.1 kW/ft at 39,500 MWd/t, However, due to a depletion
of fiseionable material, the high exposure fuel has less nuclear capability and
will operate at correspondingly lower powers; therefore, a wide margin is mair-
tained throughout life between the operating LHGR an1 the LHGR calculated to
cause 1% cladding diametral strain.

The addition of small amounts of gadolinia to UO2 results in a reduction
in the fuel thermal conductivity and Trlting temperature. The result is a reduc=
tion in the LHGRs calculated to cause 1% plastic diametral strain for gadolinia~
urania fuel rods. However, the gadolinia-urania fuel rods are designed to oper=
ate at lower power to compensate for this and provide margins similar to standard
UO2 rods,

For the 8x8 reload fuel design analysis has shown that the power required to

produce 1% plastic strain throughout life for all rod types in the assembly is
equal to or greater than 1802 of the maximum steady-state power,

3:3:% Incipient UO2 Center Melting

For the 8x8 reload fuel, incipient center melting is expected to occur in
fresh uoz fuel rods at a linear heat generation rate of approximately 20.4
kW/ft. Thie condition corresponds to the integral:

melt
kdT = 93 w/em
32°F

where

- 1 3978.1 ~12 3 —fpo®
k lm + 6.02366 x 10 (T + 460)~ Btu/h=-ft P,

and T is in °F,.
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The value of the sbove integra' decreases slightly with burnup, as & result

of the decrease in fuel melting temperature with increasing exposure,

3.4 TFUEL OPERATING AND DEVELOPMENTAL EXPERIENCE

3.4, Puel Operating Experience

The peak linear heat generation rate design limit for steady-state opera-
tion is 13.4 kW/ft which corresponde to a heat flux of 354,250 ltu/h-ftz. This
condition is well within the bounde of available production and developmental
fuel experience.

The fuel operating limit and the fuel damage limit have been established
based on operating experience and experimentsl teste covering the complete range
of desigr power and exposure levels. Tables 3-3 and 3-4 present a summary of
power reactor production fuel experience. Tables 3-5 and 3-6 show the ranges
of development fuel irradiations which have already been completed or are in
progress., This experience has been used in establishing design features and in
the analysis of performance chsracteristics, A large volume of experience has
been obtained over the past 10 to 15 years with production fuel in commercial
power BWRs and numerous developmental irradiations.

The large volume of production experience, starting with the first load of
fuel in Dresden 1 Nuclear Power Station in 1960, has provided feedback on the
adequacy of the design for, and the effects of, operation in a commercial power
reactor environment., Production fuel experience has also provided feedback on

the incidence and effect of flaws and impurities which occur statistically in
large volume production processes.

The production Zircaloy-clad UO2 pellet fuel experience is supplemented
by a large amount of in-pile and out-of-pile developmental work. The develop~
mental work to date has been employed to test a wide range of design charac-
teristics, to investigate various mechanisms affecting the performance of the
fuel rod, and to extend irradiation experience to higher local combinations of
fuel rod power and exposure than covered by production fuel,

317



8-t

Reactor

Dresden 1 Type I1I B

Dresden I Type III ¥

Dresden I Type V

Garigilanc Type A

Garigliano Type SA
& S8

Consumers (BRP)
Type 8{e)

Consumers (BRF)
Type Ele)

Consumers (DRP)
Type EGid.e)

Conmumers (2RP)
Type F

Humboldt Type 1I

Husboldt Type 111

KRS

KRB-KD

Tarapur 1

Tarapur 11

Oyster Creek |

Nine Mile Point

Dresden II

Dresden !1 (relosd)

Dresden 111

Teuruga

Hilistone

Fukushime-!

Monticello

Nuclenor

KM
swR/4lc)
8x8 Reload(c)

dSanoas
LI I I A )

Exposure

Peak
Pellet

DeidiTe)

25,800
18,200
21,320
26,120

15,160
35,380
15,500
15,559

21,598
1%,332

1,124
13,738
13,407
11,976
8,412
4,825

575
12,037
5,293
4,610
2,945
2,070

45,000
45,000

SIMMARY OF LEADING EXPERIENCE ON CURRENTLY OPERATING
PRODUCTION 7 IRCALOY-~CLAD Nz PELLET FUEL AS OF OCTORER ', 1971

Exposure
Average Time
Ansemb |y Incore
OMs/Te)  (Years)
16,450 5.45
19,420 4.45
13,2% 2.45
15,180 7.35
1,270 2.9%
23,430 £.95
8,73 2.75
7,9% 2.90
0.75
13,2% 4.00
6,615 2.00
14,634 4.45
71.050 1.15
8,337 1.80
7,518 2.00
8,307 2.35%
5,106 2.05
2,900 2.00
970 0.5¢
290 09.25
7,107 1.75
3,065 0.85
3,300 .85
1,582 0.7%
1,290 0.60
500 0.10
27,500 5.00
28,000 5.00

Design
Max Heat
'l“(.t.)

(Bru/b-fe2)

-
g

Table 3)

Feak
LHCR{a.b)
(hs/fe)

15.4
15.5
15.5
10.3

4.6
15.0
17.7
7.7

12.7
1220
16.8
15.8
15.8
15.8
15.8
17.5
17.5
17.5
17.5
17.5
17.5
17.5
7.5
17.5
17.5
18.5
18.5
13.4

typical design as opposed tc proven performance in preceding eitries
includes 15 mmsemblies with 2 rode per bundle of plutonius
values as of Pebruary 11, 1971

Pue |

Rod

Dia
(in.)
0.555
0.5625
0.5625
0.53%

0.593
0.449
0.5625
0.5625

0.5625
0.486
0.563
0.%625
0.563
0.5625
0.562%
0.570
0.570
0.563
0.563
09.563
0.570
o.570
0.570
0.563
0.570
0.563
0.563
0.453

Susber of

Pellet-to- Active Fission Gas Segments

Clas Clad Cap Fuel Flenum (Vol or Rods
Thickness (Nominal) Length Per Unir Still im
_(mile) (mile) {in.) Puel Vol) Core
s r.s 109.9 0.0&0 3,78
3s 10 108.25 0,048 2,592
33 L1 108,25 0.C68 3.2
30 5 105.7 0.0 5,804
§ 5 1 7.0 0.0% 7.93
34 L] 7.0 0.048 82
40 1 70.0 .48 1,386
&0 1" 70.0 0.048 2,079
40 1.5 70.0 0.048 . 'n
33 10 5.0 0.043 3,724
2 1" 79.0 0.062 3,08
35 10 130.0 0.058 5,784
32 n 13%.0 0.058 648
35 70.5 1440 0.0%9 16,224
35 10.5 4.0 0.0% 10,224
35.5 1" 146.0 ¢.078 17,480
35.5 " 1640 0.078 26,068
iz 12 1440 0.078 M9
32 12 144.0 o.078 10,538
32 12 144.0 0.078 35476
35.5 12 1440 0.078 “&,700
35.5 ¥ 144.0 o.078 28,420
35.5 12 144.0 0.078 19,600
32 12 144.0 0.078 23,716
35.5 12 1440 0.078 19,600
32 12 146.0 on 1m.12

3 12 146.0 o.n
34 9 15840 0.08



Nusber of Dest gr Avarage haxinus
Fuel Roda Warranted Aswembly Aoemh ly Operat

Segmants Exposure Exposure Exposure
fegments) (M d/Te Md/Te) (WWe/Te) Reactor




LT}

Dresden
Prototype

Fuel G <le
(R & D)

Dresden
Prototypes

High Per~
formance

b
H

High Per-
formance

uo

>1,2,3¢
-0
52,59
CE~Halden

USAEC
USAEC
USAEC
USAEC

e mtanTe
LR I B B B O

Ne.
of

Reactor Roda
VBWER 9
VEWR 144
VEWR 52
GETR 12
GETK :

Dresden ' 98
Consumers 361
Consumers 36
Consumers 58
Halden Fa
Contract AT(04=3)
Contract AT(04~3)

Contract AT(04-))
Contract AT(04~3)

Hollow Pellet
USAEC Contract AT(04=3) - 189 Project Agreement 50
Eight fuel rods failed during wecond operating cycle due to "bnormal crud
One rod failure ® A9 WW/ft
Fuel asseshlies presently out of reactor pending approval for refnsertion

CGENERAL ELECTRIC DEVELOPMENTAL 1RRADIATIONS
ZIRCALOY-CLAD 952 TD vo, PELLET FUEL RODS

Puel
Rod
Dia.

i)

0.565

D.424

0.56%

0.565

0.565

0,424
0.424
0.570
0.700

0,563 0.032-0.060

Clad Wall
Thickness

(in.)

0.030

o.022

0.028

0.030

0.030

0.022
0.030
0.038
0.040

Table 3-8

Pellet«to~
Clad CGap

Peak Heat
Plux

Pul

Penk
Exposure

L.hL.SL‘.!LE...).MLlL_m Status

3.0«16.0

1,0-8.0

5.0-8.0

4 0-6.0

4,0-11,0

4.0-8.0
7.0
12,0
13.0
7.0-14.0

= 189 Project Agreement 11
~ 189 Project Agreement 17

=~ 189 Project Agreement &)
361

3-20

460,000

407,000

630,000
1,126,000

1,355,000

400,000
434,000
507,000
525,000
510,000

19.94

16.6

17.64

.0
45.0

58.0

13.0
1%.2
2.0
7.0
22,0

12,000

13,800

10,000

1,500

14,000

40,000
30,000
15,400
4,600
€,300

Completed
Completed

Completed

Coqln.uh

Completed®

Completed
Completed
8,1
i

Continuing

and scale deposition
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Table 3-6

GENERAL ELECTRIC DEVELOPMENTAL IRRADIATIONS

ZIRCALOY-CLAD 95% TD U0, PELLET CAPSULES

GENERAL ELECTRIC TEST REACTCR

Number Fuel Rod Clad Wall Pellet-to- Peak Heat
of Diameter Thickness Clad Cap Flux 2
Capsule Rods (in.) (in.}  {(mils) (Btu/h~ft“)
A 3 0.425 0.024-0.032 1.4-10.2 750,000
1 0.488 9.032 11.2 785,000
B 6 0.489 0.034 7.8-11.6 504,000
C 5 0.557 0.036 2.0-15.0 475,000
D 5 0.557 0.036 2.0-14.0 540,000
E 5 0.250 0.015 6.5 735,000
F 3 0.443 0.030 3.0-13.0 480 _000

Peak Peak
LHCR Exposure
(kd/fe) (Msd/Te) Status

24.5 8&,000 Complete
29.4 34,000 Complete
18.9 65,000 Compiete
20.3 59,000 Complete
23.0 36,500 Complete
14.1 100,000 Complete
16.3 29,000 Complete



More than 25 production fuel types have been designed, manufactured, and
operated in more than 19 BWRs. When all production fuel types are considered,
a total of more than 440,000 Zircaloy=-2-clad Uo2 fuel rode have been operated in
GE-designed BWks. Out of this number of rods, 180,000 of which went into opera=-
tion during 1970 and 1971, ealy ~0.2% have been detected to have: failure due to
wall perforation, and this includes fuel which failed after having exceeded

design performance conditions.

Peak linear heat generation rates (LHGR) from approximately 10 to 17 kW/ft
have been cxperienced with the production fuel, Individual fuel assemblies have
achieved average exposures greater than 23,500 MWd/Te and have operated more than
9 years in-core residence. In comparison, the Bx8 reload fuel has the following
proposed operating characteristics:

13.4 kW/ft maximum LHGR (Operating Limits),
45,000 MWd/Te maximum local exposure, and
4~6 years in-core residence time.

Fuel rod diameters in the range of 0.425 to 0.570 inch o.d. with cladding wall
thickness from 30 to 40 mils and pellet-to-cladding gaps from 3 to 11 mils have
been used in production fuel. Rod=to-rod pitch has varied from 0.533 to 0.874
inch, with rod-to-rod spacing varying from 0.128 to 0,213 inch. Active fuel
column lengths have varied from 59.8 to 144.0 inches with fission gas plenum
volume per unit of fuel volume from 0.013 to 0.100. Such fuel rods have been
licensed and operated in 6x6, 7x7, 8x8, 9x9, 11x11 and 12x12 fuel bundle con-
figurations. 1In comparison, the design for this 8x8 reload fuel has the follow-
ing physical characteristics:

Bundle geometry = 8x8
Active fuel length = 144 1in.
Fission gas plenum volume (volume per unit fuel volume) = 0,08
Fuel rod o.d. = 0.493 in.
Pellet~to-cladding gap = 0,009 in.
Rod pitch = 0.640 1in,
Rod spacing = 0,147 in.
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3.4,2 Fuel Developmental Erpecience

The production Zi:caloy-clad UO2 pellet fuel experience described in the
previous section is supplemented by a large amount of in-pile and out-of-pile
developmental work. The developmental work to date h.e been employed to test a
wide range of design characteristics, to investigate various mechanisms affect-
ing the performance of the fuel rod, and to extend irradiation experience to
higher local combinations of fuel rod power and exposure than covered by produc-
tion fuel. The following presents a discussion of the pertinent developmental
fuel experience which, in combination with the production fuel expervience, pro-
vides the basis for the current BWR fuel Jesign and operacing limits,

Tables 3-5 and 3-6 present a summary of design details &nd performance con-
ditiones for Zircaloy-clad uoz pellet fuel rods and capsulee* irradiated under
General Electric or USAEC-General Electric development test programs., These data
complement the BWR production fuel experience by providing additional data at
higher local combinations of fuel rod power and exposure, Overall, more han
800 fuel pins with design characteristice similar to the current BWR fuel have
been irradiated under General Electric or USAEC~General Electric programs. The
irradiations have been performed with BWR environment in both test reactors and
in commercial power BWRs. Test reactors employed in General Electric develop-
mental irradiations summarized in Tables 3-5 and 3~6 are the Vallecitos Boiling
Water Reactor (VBWR), the Genmeral :lectric Test Reactor (GETR) and more recently
the Halden Reactor. Developmental fuel irradiations have also been performed in
the Consumers Big Rock Point and Dresden Unit 1 commercial power BWRs.

The range of peak performance conditions covered by the varivue development
irradiations goes beyond the design performance conditions for fuel in this class
of reactor. The development performance conditions include:

13,0 - 58.0 kW/ft maximum LHGR, and
1500 - 100,000 MWd/Te maximum local exposure.

#A capeule, as used herein, refers to a test fuel rod. or group of rods combined,
with all features similar to production fuel rods except for having reduced
sctive fuel length (as low as spproximately 3 in.).
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The corresponding operating conditions for this reload fuel are:

13.4 kW/ft maximum LHGR, and

45,000 MWd/Te maximum local exposure.
) The range of design characteristice and dimensions covered by the various
developmental irradiations also encompasses the characteristics and dimensions
employed in the current BWR fuel design. The range of design characteristics and
dimensions covered by the various developmental irradiations include the following:

Fuel rod o.,d. = 0.250 to 0.700 in.,

Clad wall thickness - 0.025 to 0.060 in.,
Pellet-clad gap - 0.0014 to 0,016 in., and
Pellet length = 0.3 to 0.95 imn.

The corresponding fuel design characteristics for this reload fuel are:

Fuel rod o.d. = 0.493 in.,

Clad wall thickness - 0,034 in.,
Pellet-clad gap -~ 0.009 in,, and
Pellet length - 0,420 in,

Considering the range of power levels and peak fuel burnups attained in the
broad base of operating and developmenral fuel experience, it has been concluded
that the current 8x8 fuel design is a conservative application of this experience.
A more complete review of GE BWR fuel experience is provided in Reference 3.

3.4.3 Fuel Damage Experience

Although the incidence of failure in General Electric Zircaloy-clad 002
fuel has been quite low (%0.2X out of more than 440,000 fuel rods), fuel has
been operated at Dresden Unit 1 and elsewhere with perforated cladding. Dresden
2 fuel, in
the Type 1] stainless-steel-clad UO2 fuel, and more recently in fuel Typen

Unit 1 has operated with some failures in the Type I Zircaloy-clad UO
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AV=F, and V, The Humbnldt Bay and sig Rock Yoint reactors have also oper-

ated with fallures in stainless steel fuel (Humboldt Type | and Big Rock Type A

The Big R« eactor has operated with some fuel failures in both the Type b and

fuel designe as vel' as & number of failed high pover
enter-melt developmental fuel assendblies KRB,
Touruga, and Fukushima have operated with some purforated ‘uel rods

isl operation, Faillures have resulted from manufacturing defects

'

{lity of ainless steel an cledding material in the BWR core stean

nment , inadequate volume for accommodation of fuel expansion and

|

pressure for fuel operated beyond design exposures, cladding over:

sed by excessive deposits of crud o ue ) Wd surfaces res

the feedvater svsten, fretting wear caused by foreign debrid

spacers, local internal hydridiag of the cladding, and lo«

interaction, In essentially all cases, t}

ausing the fue ce have been carefully identd

priate rrections have ! WA J the manufacturing process and

Or systenm design and rration \ the probability of future

f such failures.

ion with failed fuel rods that the fission product relesse

defective fuel rods can be d by regulating pover level. The

rease in releaserd activit . associated wvith progressive

f falled rods has been deduced | b chronological plots of the

rerents in oper hese datas indicate that the

lease level wower lansity in the

indicate that sudden

fallure of cur with con*inued opera-

the presence of & i lec i in & fuel assenmbly does not result
r

of failure to neight de. Shutdown can be scheduled, as

r fepairing or replacing fuel mblies that have large defects,

uating the fission product release rate for failled fuel rods shows a

wide variation in the activity release levels. Designers have attempted to

relate the release rates to defect type, size, and specific power level. These

dats support the qualitetive observations that fission ~rovuct release rater are

ons of power density and that progressive dateriorstion is & func




A more detailed summary of General Electric experience with BWR Zircaloy~
clad 003 pellet fuel, including recent production and development data, has
been documented (see Reference 1),

3.4.4 Fuel Densification

The amount of in-pile fuel densification {n BWR Zitcaloy-clad uoz pellet
fuel has been observed to be small and 18 not considered to have any significant
effects on fuel, performance. Detailed consideration of the occurrence and poten
tisl effects of in-pile fuel densification in “eneral Electric BWRs 18 reported
in Reference 4, The AEC staff has recently issued a model for analysis of densi-
fication effects in BWRs., This model 1# considered by General Electric to be
overly conservative in light of observations on BWR fuel. A separate submittal
will be provided to present the results of analysis employing the AEC staff model.

REFERENCES - SECTION 3
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‘. 1 RISTICS

4.1 FUEL ASSEMBLY MYDRAULIC ANALYSIS

4.1.1 Core Pressure Drop, Hydraulic Loads, and Correlstions

The flow distribution "o the fuel assemblies 18 calculated on the assump=
tion that the pressure drop acroes all fuel assemblies is the same. This assump~
tion has been confirmed by mesasurements of the flow distribution in modern toil~
ing water reactor as reported In References | and 2. The components of bundle
pressure drop considered are friction, local, elevation, and scceleration, Pres=-
sure drop measurements made in operating reactors confirm that the total measured
core pressure drop and calculated cure pressure drop are in good agreement,

There is ressonable assurance, therefore, that the calculated flow distribution
throughout the core is in close agreement with the actual flow distribution of
an operating reactor,

4.1,1.1 Priction Pressure Drop

Friction pressure drop is calculated using the model relation

2
PR ﬁ;r Yrprp

vhere
AP‘ * friction pressure drop, pei,
» = mase flow rate,
3 * acceleration of gravity,
[ = water density,
0“ = channel hydraulic diameter,
‘eh * channel flow area,
L = length,
f ® friction factor, and
0.,." = two phase frictiou multiplier,

=1



Thie basic model 4s similar to that used throughout the nuclear power industry,
The formation for the two-phase wultiplier 1s based on dats which compare closely
to those found in the open uuutuu.’

Ceneral Electric Company has taken significant amounts of friction pressure
drop data in multirod geometries representative of modern BWR plant fuel bundles
and correlated both the friction factor and two-phase multipliers on & best-fit
basie using the above pressuie drop formulation, Checks againet more recent data
are being made on a continuing basis to ensure that the best wodels are used over
the full range of interest to boiling water resctors,

4,1,1,2 Local Pressure Drop
The local pressure drop is defined as the irreversible pressure loss asso-
clated with an area change such as the orifice, tie plates, and spacers of a

fuel assembly,

The general local pressure drop model 1s similar to the friction pressure
drop and is

R
Ml 7 ‘m’

vhere

>
-
.

L local pressure drop, pei,
K * local pressure drop loss coefficient,
A » reference area for local loss coefficlent,
* two~phase local multiplier,

and w, g, and ¢ are defined the same as for friction, This basic model is
similar to tha® used throughout the nuclear power industry. The formulation for
the two-phase multiplier is similar to that reported in the open lluntuu‘
with the addition of empirical constants to adjust the results to fit data taken
st General Electric Company for the specific designe of the BWR fuel assembly.
Tests are performed in single-phase water to calibrate the orifice and lower tie
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plate, and 1o both elogle~ and two-phase flow to arrive at best-fit design values
for spacer and upper tie plate pressure drop. The range of tust varisbles is
specified to include the range of interest to boiling “*ster reactors. Full scale
Bx8 tests have been performed to determine the local loss coefficients for upper
and lower tie plates and fuel rod spacers, These loss coefficients are in turn
used in hydraulic analyses of the core for determination of local pressure losses.

6,1,1,3 FRlevation Pressure Drop
The elevation pressure drop is based on the well-known relation
AP' ® plt p » Py (1 = a) + D.o:

vhere

Ar. elevation pressure drop, psi,

L = length,

'] * average vater density,

a void fraction, and

Db ® saturated water and vapor density, resp.

The void fraction correlation 18 similar to models used throughout the
nuclesr pover industry and includes effects of pressure, flov direction, mass
velocity, quality, and subcooled boiling. Checks against nev dats are made on
4 continuing basis to ensure that the best models are used gver the full range
of interest to boiling water reactors,

4.1.,1,4 Acceleration Preseure Drop
The pressure drop component due to scceleration includes the pressure change
experienced by the fluid at an area change and the pressure change resulting from

density change, such as that which occurs in stean formation. The formulation
for the acceleration pressure drop is as follows:

=3



Accelerstion Pressure Change due to Flow Area Change!

i A.

2 v 4

[ 4 e« (1 «027) § 0 % 5
ACC Z”Ag A,

where
AP‘BC = acceleration pressure drop,
‘2 « final flow ares,
A‘ * initial flow area,

and other terms are a8 previously defined,

Acceleration Pressure Change due to Jensity Change!

e 21 [62). - 6). |

vhere

1 2 1o
-l @ wibe &

Py * momentum density,
X = steam quality,

and other terms are as previously defined, The total acceleration pressure drop
in boiling water reactors is on the order of less than 5 percent of the total
pressure drop.
4,2 FPUEL ASSEMBLY THERMAL-~-HYDRAULIC EVALUATION
4,2, Critical Heat Flux and Mini Critical H ¥

The critical heat flux (CHF) condition (the onset of the transition from

nucleate boiling to filw boiling) is one of the important design considerations
in boiling water reactors. It occurs whenever excessive heat is being transferred

beis



to bolling or evaporating vater and is wsually accompanie’ .y & rapid
deterioration of the heat transfer process, The critical hest flux 1s @ func~
tion of the l:cal steam quality, mass flow rate, press.ve, and (lov sres

geometry.

Analyses of CHY aras based on the concept of the minimum critical heat flux
ratio (MCHFR)., The steam quality distribution, calculated by mears of energy
balances between the fue. :nd coolant, is used with the CHF cotuhucn’
culate the spatial distribution of CHF values., Dividing these values by actual
design reactor heat fluxes ylelds the design MCHFR.

to cal-

4,2.2 Steady-State Thermal-Hydrauiic Licensing Criteris

For purposes of maintuining adequete thermal margin during normal steady-
state operation, the meviously establis'wd license limite of MCHFR > 1.9 end
MLEGR < 17,5 kW/ft were applied to the 7x7 tnitial core and reload fuel, For
the Bx8 reload fuel, the limite of MCHFR > 1,9 and MLHGR < 13.4 kW/ft were
employed, Results from safety analyses using .hese steady-state operating limits
as initial conditions are discussed in “ection &, Results of full scale Bx8 CHF
testing will be made available to the US.uC upor completion of this ongoing test

pro;un.‘
4,3 RESUL1S OF THERMAL-HYDRAULIC ANALYSIS

Analyses vere performed for & variety of core loadings to fully assess fhe
effect of the Bx8 reload assembly on core thermal-hydraulic characteristice.

The five core configurations considered are described as follovs:

1. Core loaded with 7x7 fuel (representstive of initial (~re or Reload-
core loading).

2. Core loaded with 7x7 fuel and a single 8x8 reload fuel ussembly.

3, One-quarter of the core loaded with 8x8 reload assemblies and the
remainder loaded with 7x7 fuel,
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b, One half of the core losded with Bxl reload assenblies and the
remainder loaded with 7x7 fuel.

5. Full core loaded with 8x8 reload assemblies.

The thermal-hydraulic analyses were performed for the following reactor
conditions:

Reactor Power: 1670 MWt

Reactor Pressure: 1040 psia (steam dome)
Recirculation flow rate: 57.6 X 106 1b/h

Inlet enthalpy: 523 Btu/1b

Bypass flow: 102 of total core flow

The same design basis power distribution a8 wvas previously employed was used in
the analyiis. The power peaking factors are as follows!:

Fower Peaking Factor x? Bx8
Radial 1.47 1.47
Axial 1.57 1.57
Local 1,24 1.22

Table 41 presents a tabulation of significant thermal-hydraulic character-
istics calculated for the identified cases. The results show that, irrespective
of the number of Bx8 fuel assemblies loaded in the core, both the 7x7 and Bx8
fuel assemblies receive adequate coolant flow, The margin to CHF for the limit~
ing assembly in an 8x8 core, or in a mixed 7x7-8x8 core, 1is alwvays equal to or
greater than the margin to CHF for the limiting assembly 1in a 7x7 core. Further~
more, due to the increased heat transfer area and correspondingly lower operating
heat flux of the 8x8 assembly relative to the 7x7 assenbly, the 8x8 fuel has
greater margin to CHF than does the 7x7 fuel.



Table &)
RESULTS OF THERMAL-HYDRAULIC ANALYSRS

Case Number \ 2 3 © b}
Core Average Void

Praction, % 27.4 27.4 27.4 7.5 7.5
Core Pressure Drop, pei 17.9 17.9 18,2 18.4 18.9
Water Rod Flow, % of

Totsl Core Flow N/A 0.0008 0.09 0.1 0.3
Assembly Type =7 x? Bx8 x? 6x8 iy Bx8 Bx8
Nusber L84 683 1 363 12 62 2462 LR
Hot Channel Coolant

Piow, 103 1b/h 109 109 102 m 103 112 104 106
Bot Channel MCHFR 2.0 2.0 2,27 .03 2.3 2.0 1.»m 2.3

Case Description:

Case 1! Pull core loading (484 sssemblies) of “"x7 fuel,

Case 21 Same a0 case | with one 7x7 ssseumbly replaced with an 8x8 assembly,

Case 3t One-quarter core load of 8x8 reload sssemblies with the remainder
7x7 sssemblies,

Case &1 One~half core .oad of BxB reload sssemblies with the remainder 7x7
assemblies,

Case 51t Pull core loading of Bx8 reload fuel,
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5. NUCLEAR CHARACTERISTICS
5.1 INTRODUCTION

The nuclear design of the 8x8 reload bundles described in this section has
been perforued with the same analytical models and design methods used for
General Electric 7x7 reload cores licensed by the LSAEC over the past several
years, No changes have been made in the analytical models or in the design
methods, The Bxf reload bundles will be loaded into the cores that have been
closely followed by GE using these sanme snalytical models and design methods.

A high degree of confidence can be expressed regarding the verification of GE
nuclear models and methods for these plants. In addition, these same models and
ethods have been routinely used for cores having lattices in the range from 6x6
to 11x11, and in corce with mixtures of either 6x6 and 7x7 or Bx8 and 9x9.

The Bx8 fuel bein; licensed 1s well within the range of physical parameters
of previous Genersl Electric fuel designs, and no decrease in accuracy can be
expected because of the change to an Bx8 fuel design,

5.2 BUNDLE NUCLEAR DESCRIPTIONS

The mechanical description and physical parameters of the 8x8 reload fuel
have been giver in Sectiin 3, This section describes the calculated nuclear
parameters of the Bx8 reload bundles and makes comparisons to previously licensed
Tx7 fuel designs,

There are few real "limits" on the bundle design itself. The real limits
are generally expresscd in terms of core parameters (e.g., shutdown margin or
maximum neat flux), The results of analyses involving core nuclear charscter~
istice are discussed in Section 5.5, The intent herein is to describe the
nuclear parameters and to show that for 7x7 and Bx8 bundles of the same average
enrichment, the calculated nuclear parameters are either not remarkabl: differ-
ent or are different in a manner that would be expected. The choice of some
parameter (say hot reactivity) for reload fuel ie dependent on the environment
in which the reload fuel bundle will be used: that 1is, the relcad bundle
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requirements would be slightly different for a very early hutdown than for an
outage following & period of operation beyond full power /xposure capability,
Generally, for reload fuel, the enrichments and reac*’.ities of the bundles will
be higher than for inftial cores. Specifically, a much higher value of reac~
tivity is allowable for the low exposure reload bundle than is allowable for the
initial core bundle (&t the sanme low exposure) because the reload fuel bundle is
loaded into an environment of highly exposed bundles of generally lower average
resctivity.

5.2.1 62 wtX U=~ Bx8 Bu n
$.2.1.1 Reactivity

Figure 5-1 shows the hot average void reactivity of the 2,62 wtX U=235 bundle
versus exposure and compares this bundle to @ 7x7 bundle of 2,63 wtl U-235 enrich~
ment used at Oyster Creek as the firet reload batch, The Oyster Creek R-1 bundle
has the same number of gadolinfum~containing rods as the Bx8 bundle, but the
average gadolinium concentration {s about half that of the 8x8, The result of
this difference is that the gadolinium is worth less and burns out faster in the
7x7 bundle than in the 8x8, and thus the 7x7 . adle has & higher initial reac~
tivity than the 8x8. Following the gadolinium burnout, however, the reactivities
of the bundles are essentially identical. '

Table 5-1 compares some physical parameters for these two bundles, while
Table 5-2 compares the zero exposure cold reactivities of the two bundles. As
can be seen in Figure 5~1, while the iritial reactivities of the bundles differ
because of different gadolinium worths, after the gadolinium is gone the reac-
tivities of the bundles are essentially identical,

5.2.1.2 Void Mlctl\'lty
The variation of reactivity with void is of importance in the stability of
the reactor core while at normal power operation. There is no design criteria

placed on the void coefficient except that the overall void coefficient be nega~
tive st every point in the operating cycle. Overall void coefficients refer to
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Table 51
PHYSICAL PARANETERS OF 2,63 7x7 AND 2,62 B8x8

m
Pellet Outside Diameter (in,) 0,487
Rod Outside Diameter (in,) 0,563
Rod=to~Rod Pitch (in.) 0.738
Water~Fuel Ratio (cold) 2.43
U Bundle Weight (pounds) 427.8
Cladding Thickness (mils) 32

Table 5-2
COLD REACTIVITY COMPARISON
Zero Exposure
Condition Controlled R tid

k-infinity Cold No 1.163
k-}nfinity Cold Yes 0.988
Ak/k Control Strength 0.150

%2.63 wtt 7x7

82,62 wtl Bx8

54

BxBwe

1.166
0.981
0"37



the core response, It will be sufficient here to give results of infinite lattice
calculation of resctivity versus in-channel void fraction and to show that the
sane behavior is seen for both BxB and 7x7 fuel, Figure 5-2 compares the void
reactivity of the seme two bundles de.cribed above, and, as can le seen, the
variation {1 reactivity with void 1# very close for both the controlled and
uncontrolled states at zero exprsure, Again, note that the value of the 7x7
bundle is lower than that of th: 8xB because an initially larger volume fraction
of the bundle contains gadoliniu.. PFigure 53 compares the lattice Ake= going

from 0.40 veid to other voids as & function of exposure. As can be seen, the

voild reactivity characteristics are very similar,

5.2.1.3 Doppler Reactivity

The Doppler coefficient is of prime importance in reactor safety., The
Doppler coefficient 1is a measure of the reactivity chang» associated with an
increase in the absorption-of-resonance-energy neutrons caused by a change in
the temperature of the material in question, The Doppler reactivity coefficient
provides instautaneous negative reactivity feedback to any rise in fuel tempera-
ture, on either a gross or local basis, The magnitude of the Doppler coeffi~
cient is inherent in the fuel design and does not vary significantly among BWR
reactor designe having low fuel enrichment, For most structural and moderator
materials this effect is not significant, but 1in U«238 and Pu~240 an incresase i1
temperature produces & comparatively large increase in the absorption cross sec~-
tion. The resulting nonfission absorption of neutrons causes a significant loss
in reactivity, In BWR fuel, in which approximately 98% of the uranium in the
UO2 is U-238, the Doppler coefficient provides an immediate reactivity response
that opposes fuel fission rate changes.

Although the reactivity change caused by the Doppler effect is small com
pared to other power-related reactivity changes during normal operation, It
becomes very important during postulated rapid power excursions in which large
fuel temperature changes occur, The most severe power excursions are those
associated with repid removal of control rods. A local Doppler feedback asso-
ciated with a 3000 to 5000°F temperature rise is available for terminating the
initial burst,
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The Doppler resctivity decrement is derived directly from the lattice cal=
culations which are performed to generate the nuclear constants, The lattice
methods currently being employed in the fast and resonance-neutron-energy regions
are based on the method of Adler, Hinwan and ﬂotdhciu‘ with the inclusion of
the intermediate resonance approximation, This provides an adequate calculation
of both the spatial and energy self-shielding for the resonance absorbers that
explicitly includes temperature, moderator density, and geometry effects. A fine
group B-1 slowing~down calculation of the fast and epithermal neutron spectrum
provides the proper weighting of the resonance absorptior to yleld effective
resonance integrals or cross seciions that accurately represent the BWR

environment .,

The Doppler decrement 15 determined by doing the lattice calculations at
several fuel tempervatures holding all other input parameters constant. This
results in a change in the neutron multiplication factor which is solely due to
a change in the fuel temperaturc, which is the Doppler effect. From these analy-
ses it has been determined that the Doppler defect, Akbop' can be represanled
very accurately by the following expressiont

by * 01 (/T = /).

Therefore, the Coppler reactivity decrement increases proportionally with
the square root of fuel temperature, T, and CDOP is the constant of proportion~
ality., The Doppler reactivity coefficient is derived using the same techniques
described above., The following equation is used te calculate the Doppler reac-
tivity coefficient:

1 | Ccbor , .
k 4T, [k,*«cnor (ﬁ'z'-v’f;)]zﬁ;

Figures 5-4 and 55 compare the Doppler coefficients for two 7x7 fuel designs
o the Doppler coefficients for the 2.50 wtX U-235 Bx8 bundle at 200 MWd/t and at
10,000 MWd/t, respectively. The Doppler coefficient of the 8x8 2.62 is essen-
tially identical to that of the 8x8 2,50 bundle. '
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It should be understood that the date presented in these figures are for an
infinite lattice. In a finite reactor system the pover Jistribution, and hence
fuel temparasture distributien, will vary spatially. This in turn results in a
spatials variation in the Doppler feedback with larger Doppler reactivity decre~
mentes occurring in the high temperature and thus in high neutron flux regions of
the reactor core, Therefore, high Doppler reactivity feedback can occur for
relatively low core average power incresses since the larger Doppler reactivity
cecrements will occur in the high flux, or importance weighting, regions of the
core. Results of core calculations are reported in Table 53,

5.2.1.4 Delayed Neutron Fraction

Given in Pigure 56 1# a comparison of the delayed neutror fraction for the
2,62 BxB bundle and the 2.63 7x? bundle ai hot average void coniitions, As can
be seen the differences are negligible.

5.2.1.5 Peaking Factors

The calculated .aximum local pesking factors at average void for the 7x7
2,63 and Bx8 2,62 wtX U~235 bundles are compared in Figure 5=7. Of more impor-
tance to the reactor operator is the increased hest transfer area of the Bx8
bundle, leading to wmuch lower peak kW/ft, as noted in Sectior

5.3 ANALYTICAL METHODS

The analytical methods and nuclear dats used to determine the nuclear char-
scteristices are similar to those used throughout the industry for water-moderated
2
eyetems,

The Lattice Physics Model is used to generate few-group-neutron crose sec-
tions for use in calculating lattice reactivities, relative fuel rod powers
within asseuwblies, and averaged few-group croes sections. These cross sections
and reactivities are calculated at various void and exposure conditions and are
used for calculatirg two~ and three-dimensional reactor power distributions.
Local fuel rod powers are calculated for an extensive combination of parameters
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Thus, any trerd toward an unacceptably small shutdown margin caused by faster~
than-anticipated absorber removal could be detected and remedial action applied
before any unsafe condition could be created, Any tendency toward slower removal
rates would affect only cycle length and would be an economic problem unrelated
to safety,

Operating reactor and critical experiments compared to theoretical data pro-

vide the precision necessary for reactor dcntgn.”"’

The reactivity calculation
of these analytical methods is frequently compared to the actual performance of
operating .eactors, Specific comparisons have been made for the Oyster Creek

and Dresden 2 plants, The results of these comparisons show that the calculated
and actual results agree within experimental and manufacturing tolerances. The
design methods have been shown to be able to compute local powers to within 23X,
fuel assembly segment powers to within 210%, Pu~U ratios versus exposure to

within 23X, and core reactivities and cold shutdown margin to within 0,005 &k,

Experimental tests have also been used to verify the analytical calculations
of both reactivity and isotopic composition for lattices in the range from 6x6
to 8x8., These tests give results nearly identical to the comparisons with the
operating plante, The moet recent experimental comparison is documented in
Reference 9.

5.4 EXPERIENCE WITH GE NUCLEAR MODELS

The analytical methods described in Section 5.3 have been used by General
Electric to design and follow cores having lattices in the range from 6x6 to
1111 aside from the normal 7x7 reload cores. Uf special interest in this
regard are the Humboldt Bay and the Garigliano reactors. These cores are oper~
ating with mixed lattices and have operated successfully for some time., In the
case of Humboldt, the core has operated since July of 1969 with a mixture of 6x6
and 7x7 reload fuel bundles in the core, This mixed lattice reload core has
been licensed by the USAEC following General Electric analysis using the same
analytical methods described above., Also of note in this regard is the Garig-
liano reactor which haa operated since October of '%F3 with a mixture of 8x8
and 9x9 fuel bundles. This reload core has been licensed by a regulatory agency
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comparable to the USAEC following weneral Electric zaalysis. All nuclear license
submittal information supplied by General Electric for the past mneveral years has
been developed using these same well proven analytical methode. There has been
adequate experimental and operational verification of these methods to lattice
designs of other than 7x7 fuel., No decrease in accuracy can be expected because
of the change to an 8x8 fuel design.

5.5 NUCLFAR CHARACTERISTICS OF T™ME CORE

Earlier sections have discussed the infinite lattice steady-state resctivi-
ties and ceactivity coefficients of the new B8x8 reload fuel bundles and have
made compayisons to previously used 7x7 reload bundles. This section discusses
the results o' core calculations on shutdown margin (including the liquid poison

system) and core average reactivity coefficients.

5.5.1 Core Effective Nu;tggltcgtlonl Control System Worth and Reactivity
Coclttgigng!

A tabulation of the typical nuclear characteristics of the pre~ and post-
outage cores is provided in Table 5-3. Because the nucleer characteristics of
the reload fuel are close to those of the initial fuel, the temperature and void
dependent characteristics of the reload core will not differ significantly from
the values previcusly reported,

5.5.2 Reactor Shutdown Margin

Te refueled core fully meets criteria established for the initial core in
that it may be maintained subcritical in the must reactive condition throughout
the subsequent operating cycle with the most reactive control rod in {ts full=-
out position and all other rods fully inserted. The shutdown margin at BOC3 is
0.010, and with an R value of 0,00 in Cycle 3, this shutdown margin is the mini-
wum Cycle 3 value,



Table 53
NUCLEAR CHARACTERISITCS OF THE DESIGN REFERENCE CORE

Core~Effective Multiplicatior

and Control System Worth Pre-Outage
OX Voids, 20° e ~ Core
K Uncontrolled 1.093
ell
~ bk Poison Curtains . 008
Ak Control Rods 0.153
} Fully Controlled 0.93¢
ell
} Strongest Rod Out 0.946
ell
Increase in re Reactivity
with Exposure into Cycle .
i Reactivity oefficlients, Range
During Operating Cycle for Reload Core

Steam Void Coefficient at 40X Voids

A 08

(1/k) (ak/8V), 1/% Void «10.1 x 10" " -10.
i Power Coefficient at 16'0 MW. and
524 Btu/lb Inlet Enthaly;
An/k) /(LP/P) «0,051» -
Fuel Temperature Coefficient at 650°0;
¢
k)(Ak/4T), 1/°F Fue) -1.17 x 10 1.0
"
-1,

*Reference pover level about 1400 MWt at BOCZ2.




5.5.3 Liquid Poison System

The liquid poison system is designed to provide the capability to bring the
spactor from full power (1670) to a cold xenon-free shutdown condition ‘K.{f
“2.97) assuming none of the ceitrol rods can be inserted. The requirements of
this system are dependent primarily on the reactor power level and on the reac
tivity effects of voide and temperature between full-power and the cold, xenon-
free condition, The liquid poison syster has been examined and has been found
to be sdequate since the reference power level of 1670 MVt has not changed and
the core reactivity effects of voide and temperature have not been significantly
altered by the introduction of reloac fuel.

5.5.4 Reactivity 1 Fuel in Siorage

There 18 no nevw safety {mplication with the spent fuel storage pocol and the
new fuel storage rack configuration, because the K= of ¢ ¢ reload fuel is less
than the K~ of the initfal fuel assemblios without temporary control curtains,
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6. SAFETY ANALYSES

6.1 MODEL APPLICABILITY TO 8x8 FUEL

This section provides information on the applicability (to the 8xB design)
of existing models used for safety analysis., Where changes in fuel design affect
model applicability, the capacity of the models to accommodate these changes 1s

discussed,

6.1.17 Control Rod Drop Accident (RDA)

The postulated sequenze of events for this the worst case accident
involves an abnormally high worth rod becoming disconnecied from its drive,
being stuck in the fully inserted position, the drive being withdrawn and the
control rod falling out of the core to the rod drive position. Analysis of this
accident is performed at various reactor operating states; the key reactivity
feedback mechanism affecting the shutdown of the initial prompt power burst is
the Doppler coefficient. Final shutdown is achieved by scramming all hut the
dropped rod. The methods utilized to evaluate the rod drop accident heve been

updated on a continuing basis to reflect improvements in analytical cnpability."z's'

The change from a 7x7 to an 8x8 fuel lattice has no effect on the excursion
model used In the analysis of the RDA or on the reactivity feedback effect due to
Doppler which is used in the analysis. The number of fuel pins failed due to
the RDA {s dependent on the fuel pin (local) power peaking factors in the bundle
and final peak fuel enthalpy in the core. The local peaking factors and the peak
fuel enthalpy are inherently known for an 8x8 lattice, the local peaking factors
from the lattice design cnlcuhuom.1 and the peak fuel enthalpy from the RDA

analysis,

Homogenized bundle cross sections and nuclear constants are calculated using
etandard lattice design techniques as noted in Section 5. Since the bundle cross
sections, which ere produced from the lattice calculations and which are used in
the RDA excursion model, are homogenized, the RDA excursicn model does not recog=

nize the lattice type used to produce the bundle cross sections.
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A mixture of 7x7 and Bx8 fuel bundles in & reloaded core present no analyti=-
cal problem. The homogeniied cross sections and nuclear constants used to repre-
sent each fuel bundle in the RDA analysis are calculated using methods which have
praviously been used for lattice designs from 6x6 to ilxll geometry and in cores
wirh mixtures of either 6x6 and 7x? or Bx8 and 9x9 (refer to Section 5). Local
power peaking at RDA conditions i{s explicitly calculated.

6.1.2 Lose-of~Coolant Accident (LOCA)

The Emergency Core Cooling System models which are used for the LOCA analy-
618 for 8x8 fuel are essentially those which have been previously used for the
7x7 fuel designs. They are described and exemplified in Referunce 5. The spe-
cific models as applied to the 8x8 fuel design will be discussed in the follow-
ing paragraphs in their order of presentation in Reference 5.

6.1.2.1 Short~Term Thermal-Hydraulic Model

The significant parametere used by the short-term thermal~nydraulic model
will remain essentially the same in changing fuel designs. The exceptions are:

[ Core pressure drop - the total core pre-transient pressure drop for a
full 8xB core 1s 1 psi higher than for a full 7x7 core. Since maxi-
mization of the core pressure drop is conservative, a partial 7x7/par-
tial 8x8 core is assumed to be fully Bx8,

2. Clore heat flux - the core heat flux versus time is consistent with Bx8
fuel operating LHGR and stored energy as well as Bx8 geometry. As in
the case of core pressure drop the effect is small. The most signifi-
cant parameters, the core thermal power, the maximum steam flow, and
the recirculation flow, remain unchanged with this chaage in fuel design.
The changes listed abose result in only a small change in core ilow and
pressure responses.
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6.1.2.2 Long-Term Thermal~Hydraulic Model

The only significant change to the long-term thermal-hydraulic model is the
change in bundle geometry and therefore a smal)l change in the core total hydraulic
diameter of the core. The long~term thermal-hydraulic model has the capacity to
model various geometries; therefore, such smail changes resulting from the change
in fuel design do not represent an "extrapolation" in the modei. The important

parameters, e.g., core power, steam flow, recirculation flew and basic reactor

geometry, remain unchanged.
5.1.2.3 Transient Critical Heat Flux Model

The transient critical heat flux model will change only in that the bundle
geometry and IHGR will change, Test data taken in the new ATLAS loop with full
power Rx8 bundles is being previded to the AEC by General Electric to verify
the applicability of the existing model, 1f modification of the model is
required, it will be made based on the results of these extensive tests,

6.1.2.4 Core Heatup Model

The core heatup model used for 8x8 analyses is essentially that described
in Reference 5 with the incorporation of the modifications described in Refer-
ence © and the obvious change to the 8x8 bundle geometry and LHGR. The model
has been used to predict the results of a number of ECCS transient tests of a
full scale stainless steel clad Bxf heater rcd bundle. These tests fully con-
firm the applicability of the Core Heatup Model as modified for Bxf fuel, Full
scale ECCS tests with pressurized Zircaloy heaters were conducted in October of
1973 for further demonstration of the applicabiliiy of the Core Heatup Model.

6.1.2.5 Total LOCA Analysis
The total LOCA analysis which includes the four above models will not change

in procedure. The only changes in the results will be due to changes in fuel
geometry and linear heat generation ra:e, which are handled by the existing
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models without modification with the possible exceptions noted in 6.1.2.3, Gen-
eral Electric is presently discussing the applicability of current LOCA models
for licensing 8x8 fuel with the AEC, and confirmation is expected shortly.

6.1.3 Transient An=lysis and Core Dynamics

A complete range of single failure caused events which are abnormal but
reasonably expected during the life of the plant were analyzed for 7x7 fuel as ¢
part of the original plant licensing. Results from these analyses were included
in the FSAR and subsequently reviewed for 7x7 reload fuel. A reanalysis of
these events has been carried out incorporating 8x8 reload fuel and planned
modifications to the reactor pressure relief system, The purpose of this
section is to demonstrate the applicability of the current analytical models

to 8x8 fuel and mixed core analysis.
6.1.3.1 Transient Analysis Model Applicability to 8x8 Fuel

The documentation of cransient analysis methods for General Electric BWRs
is provided in Reference 7. This document includes not only the equations of
the transient model, but aleo & parameter study and comparison of rafety analy-
ses applying the model to plant startup data, The mathematical model described
in Reference 7 is applied to both new and reloaded cores. The model as presently
constituted 41s a "lumped" thermodynamic model with single bundle representations
for average and hot channels. The neutron kinetics representation is a poin’
reactor using the point reactor kinetics equations. This brief model review
serves as a basis to point out that the model, which 1~ very generally definec,
does not change or lose validity due to a mixture of 7x7 and Bx8 or a total core
of 8x8 fuel. Parts of the model lump or average system components for computa=
tion purposes, These model parts, such as thermodynamic regious or neutron
kinetics, are affected by simple input parameter changes due to fuel changes.

The most affected part of the model i{s the actual fuel heat transfer model.

There are several objectives in transient analysie which affect the fuel model.
Briefly these can be broken down as: (1) computation of fuel thermal margins,
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(2) conservative heat flux computation for the system transients, and (3) compu~
tation of sverage fuel temperature for Doppler. If the system contains a com-
plete load of either 7x7 or Bx8 fuel, the fuel model input is straightforvard
because the entire core is represented by the same fuel parameters. In the case
of mixed 7x7 and 8x8 core fuel loading, the average core thermal calculations
are not completely characterized by either the 7x7 or 8x8 fuel type. The mixed
fuel loading can be adapted conservatively to the model however. This 1¢ achieved
by doing three things for input to the dynamic wodel: (1) using the fuel type
conservative for the fuel thermal margin as the hot channel fuel type in the
transient analyses; (2) since mixed load core dynamic performance is the aver-
age of 7x7 and 8x8 fuel, choosing the conservative fuel type for plant tran-
sients to yield overall system conservative results in the dynamic analysis; and
(3) using Doppler coefficient input data which is conservative to the overall
core design when coupled with the consevvative fuel design of (2) above. The
use of the dynamic modsl as outlined above will allow & totally conservative
dynamic analysie for any fuel lo.ding,

6.1.4 Rod Withdraval Error (RWE)

The rod withdrawal error reactivity insertion event is normally included in
the Transient Analysie portion of reload fuel safety analysis submittals. How-
ever, since the event is analyzed by methods other than the transient mathemsti-
cal models referred to in 6.1.3, the model applicability of analysis of this
event to Bx8 fuel or mixed cores is discussed separately.

Analysis of the rod withdrawal error 1s performed on the assumption that
the maximum worth rod is fully inserted and adjacent rods are withdrawn in a
manner which will allow full design reactor power with operating limits attained
near the inserted rod. This is an abnormal rod pattern which 1s not normally
employed, but it maximizes the rod worth of the inserted rod for purposes of the
conservative analysis. The maximum worth rod 1s thian inadvertently withdrawn
u til rod block occurs, initially assuming the worst allowable LPRM bypass condi=
tions. The results depend primarily on the capability of the flux monitors to
detect the local change in the fuel around the control rod as it ie withdrawn
and to stop the control rod before damage limit conditions occur.
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1t should be noted that there are two rod block systems currently in use in
GE BWRs. The first is described in Reference 8 and is employed in Oyster Creek
Unit | and Nine Mile Point Unit 1., All other GE BWRs utilize the rod block sys-
tem described in Reference 9.

The Oyster Creek 1/Nine Mile Point | system uses the APRMs on a quadrant
bcsto' and the other system use¢s the LPRM strings surrounding the control rod
being withdrawn, In both cases the sensore in the system are reading neutron
flux, Also in both cases, analysie of the transient is performed assuming worst
case allowable LPRM bypass conditions.

The total analysis of the RWE transient utilizes the three-dimensional
coupled nuclear-thermal-hydraulic representation of the core as described in
Section 5.2 for determination of neutron flux levels at instrumented locations
and for determination of fuel assembly flow rate. The responses by instruments
to changes in flux levels is independent of the fuel type.

6.2 RESULTS OF SAFETY ANALYSIS

6.2.1 Core Safety Analyses

Use of the Hench-Levy correlation to determine the safety limit and to es tab-
1ish margins from the normal operating points to the safety limit was established
in previous licensing submittale. The same considerations, margins, and damage
limits described in detail before, huve been applied in evaluating the reloaded
core. The operating limit on LHGR for the reload fuel is lower than previously
loaded fuel. A further discussion of these controlling factors in the core
safety analysee is presented below.

6.2.1.1 Fuel Damage Limite
Puel damege from perforation of the cladding and a subsequent release of
fission products can result from overheating or excessive strain of the cladding.

The former is assumed to occur when MCHFR reaches 1.0 based on the Hench-Levy
correlation and the latter is assumed to occur when MLHCR reaches 25.4 kW/ft
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(see Section 3). The mechanical design of the reload fuel is to the same design
criteris and bases as the initial core fuel and the same damage limits are

sprlicable.
6.2.1.2 Operating Limits

The R-2 bundles are designed to operate with *he same MCHFR limit as the ir-
radiawd fuel in the same environment and with a lower MLHGR, That is, MCHFRs

vill be greater than 1.9 and MLHGRs will not be greater than 13.4 kW/ft. The
limiting values of MCHFR for the reload fuel during normal operation are the
same as for the initial core fuel based on the similar design conditions
established for the fuels, The limiting velue of MLHGR is lower for the reload
fuel since it has 6) rods instead of 49 rods in the initial core fuel with
approximately the same bundle power.

6.2.1.3 Operating Margins

Wwith the previously given damage limits and design limits for the reload
fuel, operating margins between the two limits for the reload fuel are expected
to be greater than the previously loaded fuel. However, this is based on the
maximum design condition. Actual reload fuel operating conditions of MCHFR and
MLHGR are expected to be well below the design limite as has been the experience
for previously loaded fuel. Thus, actual operating margins will continue to
be greater than the minimum allowable 7alues used in the analyses discussed below.

6.2.1.4 Abnormal Conditions

The minimum allowable operating margins described above are conservatively
used in analyses of events such as abnormal operational transients and uncer-
tainties concerning steady~state fuel operating conditions, Since these margins
are not reduced with the reloaed fuel, the results of these analyses are not
expected to change apprecisbly with the insertion of reload fuel except where
dynamic changes are occurring on the reactor and its characteristics have been
changed by the reload fuel in such & way as to significancly affect the tran-
sient results. These considerations involve the transient analyses which are

covered separately below,
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6.2.2 Accident Anslyses

6.2.2.1 Main Steam Line Break Accident

The analyeis of the main steam line break accident depende on the operating
thermel-hydraulic paraceters of the overall reactor. such as the pressure, and
the overall factors affecting the consequences, such as primsry coolant activity.
Insertion of 8x8 veload fuel will not change any of these parameters so the
previously rveviewsd results of thie analyeis will not change.

6.2,2.2 Refueling Accident

The analysie of the refueling accident depends on mechanical damage caused
by a fuel bundle falling back onto the top of the core while it is being removed,
which will not change with the use of the reload fuel. The consequences depend
on the fission product inventory in the fuel and various factors affecting the
anount and kind of releases to the atmosphere. The fission product inventory
is oot expected to increase even with the large number of rods in the 8xB reload
fuel bundle. Thus, even if more rods were damaged, the total fission product
inventory is not increased, but there will be slight changes in the relative
amounte of different constituents because of the slight diiferences in enrichment
and gadolinia concentration. The effectes of these small differences will be
inconsequential in terms of the releases caused, and undetectable when the various
reduction factors are applied to determine offsite consequences. Therefore, the
prevously reviewed results of this accident analysis will not change.

6.2.2.3 Control #wd Drop Accident
6.2.2.3.]1 Ildentification of Causes
There are many ways of inserting reasctivity into a boiling water reactor.

However, most of them result in a relatively slow rate of reactivity insertion
and therefore pose no threat to the system. It is possible, however, that
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rapid removal of a high worth control rod could result in a potentially sig-
nificant excursion, Therefore, the accident which has been chosen to encom-
pass the consequences of a reactivity excursion is the control Rci Drop Accl-
dent (RDA).

6.2,2.3.2 Starting Conditions and Assumptions

Before the control rod drop accident is poasible, the following sequence

of events must occur:

1. The complete rupture, breakage or disconnection of a fully inserted
control rod drive from {ts crucitorm control blade at or near the

coupling.

y | The stickirg of the blade in the fully inserted position as the rod
drive is withdrawn (worst case).

3 The falling of the blade after the rod drive is fully withdrawn (worst

case) .,

This unlikely set of circumstances makes possible the rapid removal of a
cuntrol rod. The dropping of the rod results in a high local k_ in a small
region of the core. For large, loosely coupled cores, this would result in a
highly peaked power distribution and subsequent shutdown mechanisms, Significant
shifts in the spatial power generation would occur during the course of the
excursion., Therefore, the method of analysis must be capable of accounting for
any possible effects of the power distribution shifts.

In order to limit the worth of the rod whizh could be dropped, the rod worth
minimizer system or a second operator controls the sequence of rod withdrawal.
This assures no movement of an out of sequence rod before the 50% rod density
configuration is achieved and limits movement of rods to in-sequence sepments
beyond the 50% rod density configuration during startups. The 50% rod density
configuretion occurs during each reactor startup and corresponds to the condi-
tion in which 50X of the rods are fully inserted in the core and 50% are fully

withdrawn.
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6.2.2.3.3 Accident Description

The accident is defined as:

1. Th  highest worth rod that can be developed at any time in core life
under any operating condition drops from fully inserted position to
fully withdrawn position (rod increments only beyond 50X rod density).

2, The rod drops.

3. The scram is that defined in the technical specifications,

The detailed analysis of thie accident i discussed in References 1, & 3

and 4. A continuing effort is being made in the area of anzlytical methods to

assure that nuclear excursion calculations reflect the latest "state~of-the-art,"

The sequence of events and the approximate times of occurrence are as

follows:
Approximate
Event Elapsed Time
(i) Reactor is at a control rod density pattern corresponding

(2)

(3)

(4)

to maximum in-sequence rod worths

Rod worth minimizer or operators are functioning to
restrict rod withdrawals to in-sequence rods or rod
increments. Maximum worth in-sequence control blade

becomes decoupled.
Operator selects and withdrews the control rod drive of the
decoupled maximum worth in-sequence rod to ite fully with-

drawn positica (rod increments only beyond 50% rod density).

Blade sticks in the full inserted position,
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Approximate
Event El Time
(5) Blade becomes unstuck and drops at the maximum vy locity
determined from experimental data (3,11 fps). 0

(6) Reactor goes prompt critical and initial power burst is
terminated by the Doppler Reactivity Feedback. <1 sec

(7) APRM 1202 power signal scrams reactor,
(8) Scram terminates accident, <5 sec
6.2.2.3.4 ldentification of Operator Actions

The termination of this excursion is accomplished by automatic safety fea-
tures or inherent shutdown mechanisms, Therefore, nc operator action during the

excursion is required.
6.2.2.3.5 Analysis of Effects and Consequences
6.2.2.3.5.1 Methods, Assumptions and Conditions

The methods, assumptions, and conditions for evaluating the excursion aspects
of the control rod drop asccident are described in detail in References 1, 2, 3,
and 4.

Reference (1) is the topical report on rod drop and is ap;licable to begin~
ning of 1life conditions for curtained cores. Reference (2) is the first supple-
ment to Reference (1) and is applicable to beginning of life conditions for
Gadolinia cores. Reference (3) is the second supplement to Reference (1) and is
applicable to exposed cores., Reference (4) 1is not a supplement to Reference (1),
however, the information contained therein is supplemental since it 1s a direct
expansion of the described methods applied to a parametric study of worst cased
variables resulting in a boundary approach to rod drop accident evaluation.
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The technical bases which are presented in Reference (4) were used to verify
that the result of a rod drop excursion in the reloaded core would not exceed the

design criteria, as described below,

Although there are many input parameters to the Rod Drop Accident Analysis,
the resultant peak fuel enthalpy is most sensitive to three basic conditions.
These are: 1) Doppler reactivity feedback, 2) accident reactivity characteris-

tics, and 3) scram reactivity feedback.

If all other parameters remained unchanged, the rod drop excursion for
exposed cores would be less severe than for initial cold clean cores under the
same set of conditions since the Doppler reactivity feedback will be more nega-
tive. This is due to the fact that P.~240, which has a large negative Doppler
effect, builds up with exposure. "igure 6~. shows the comparison between the
actual Doppler coefficient sand “ne Tachnical Bases Doppler (Reference 4) coefficient.

The accident reactivity characteristice have varying effects on the rod drop
excursion results., These characteristics are accident reactivity shape, total
control rod worth, local peaking factor, and the delayed neutron fraction. The
total control rod reactivity worth (worth of the dropping rod) has a major effect
on the accident results; this will not change substantially with the insertion
of reload fuel. The local peaking factor and the delayed neutron fraction were
inputs to the evaluation and were in the same range as those shown for actual
plant experience in Reference(4). A coaparison of the calculated accident
reactivity shape function with the Technical Basee shape function is shown
in Figure 6-2, Figures depicting hot startup conditions are not shown since
the maximum in-sequence rod for that condition is not as limiting as for cold

startup conditions,
The scram reactivity feedback function has a significant effect on the results

of a rod drop excursion, The scram reactivity feedb. ck shape was evaluated based
on Technical Specification scram times and shown to be above that used in

establishing the boundary in Reference (4). (See Figure 6-3),

The evaluation of each of these parameters by comparison to the boundary values

presented in Reference (4) shows that the maximum rod worth is not as great as the
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1.3% Ak derived. This verified that che consequences of a rod drop excursion
from any in-sequence control rod would be below the 280 cal/gram design limit,
since maximum in-sequence rod worths after this reload will be well below the
1.3% 6k allowable.

6.2.2.3,4.2 Fuel Damage

The fuel damage thresholds are based on both experimental and theoretical
datae. This information is discussed in Section '4 of Reference 10, and Section
VI of Reference 11,

The rod drop accident unalysis is sensitive to spatial variations in the core
design such as fuel loading patterns, gadolinium distribution, etc. An estimate
of the radiological exposures has been mede and is based on the failure of all
fuel rods above an energy content of 170 cal/gm assuming the maximum enthalpy
reaches 280 cal/gm during the accident. This 1s consistent with the boundary
approach established in Reference (4). The number of failed fuel rods and
the released fission products are therefore approximately the same as those

discussed in the boundary approach document, The resulting doses are well
within the 10 CFR Part 100 puidelines,

6.2.2.4 Loss-of-Coolant Accident

The following evaluation is based on the BxB reload fuel. The results of
the 7x7 fuel evaluation has not changed and can be found in previous submittals.

6.2.2.4.1 Design Bases

The objective of the emergency core cooling systems (ECCS), in conjunction
with the containment, i to limit the release of radiocactive materiale following
a lose-of-coolant accident so that resulting radiation exposurus are within

the values provided in published regulations.

Safety design bases and functional requirements for the emergency core
cooling systems are given in the FSAR and have nol changed.
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6.2,2,4.2 System Design

The ECCS, comprising four separate subsystems, is designed to satisfy the

following performance objectives:

P To prevent fuel cladding melting as the result of any mechani...
fatlure of the nuclear boiler system up to, and including, a break
equivalent to the largest coolant recirculation system pipe.

2, To provide this protection by at least two independent, automatically
actuated cooling systems.

3, To function with or without external (off-site) power sources.

4, To permit testing of all ECCS by acceptable methods ircluding, where~
ever practical, testing during power plant operations.

5. To function under assumed seismic conditions described in Section
12 of Reference 10.

The operational capability of the various emergency core cooling systems to
meet functional requirements and performance objectives is as follows.

During the first ten minutes following the initiation of operation of the
ECCS, the functional requirements are satisfied for all combinations of single
active component failure and single pipe breaks, including pipe breaks in any
ECCS subsystem which might partially or completely disable that subsystem,

After the first ten minutes, and in the event of an active or passive failure

in the ECCS or its essential support system, long term core and containment cool-
ing im provided by any ome LPCI or core spray pump delivering water .o the reac-
tor vessel and by one RHR pump supp: 'ed by one RHR heat exchanger with 100%
service water flow.

The description and detailed design information on specific parts of the
emergency core cooling system is presented in the FSAR (Reference 10).
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6.2.2.4,3 Performance Evaluation

Summary. To achieve reliability, each emergency ore cooling subsystem
uses the minimum fessible number of components th: ~“e required to actuate.
All equijment is testable during operation. Tu. different cooling methods -
spraying and flooding -~ provide diversity.

Evaluation of ECCS controls and instrumentation for reliability and
redundancy shows that a failure of any single initiating sensor cannot prevent
o~ falsely start these cooling systems. No single control failure can prevent
the combined cooling systems from adequately cooling the core. The controls
and instrumentation are calibrated and tested to assure adequate response to
conditions representative of accident situations.

The emergency core cooling eystems are provided to rewove the residual and
decay heat from the reactor core so that fuel cladding temperature is kept Lelow
2300°F. The intent of the ECCS temperature criterion is to prevent gross core
meltdown and fuel cladding fragmentation, Under extreme conditions highly
oxidized Zircaloy could fracture on cooling. Based on the AEC's model in the
Interim Acceptance Criteria for ECCS, cladding fragmentation on cooldown is
prevented (for the time scale of interest here) if the maximum cla'ding tempera-
ture is limited to less than ?300°F, This is therefore the design temperature
eriterion for ECCS system performance. The actusl performance of the core cool~
ing systems is such that peak temperatures much lower than 2300°F will be
maintained throughout the complete break spectrum,

A summary of peak cladding temperatures calculated to occur in R-2 fuel

for the worst intermediate break and the design-basis break is in Table 6-1,



Table 6-1
PEAK CLADDING TEMPERATURES

Large Intermediate Intermediate

Break Break Break
Temperature Temperature Size
Single Failure Assumed (*F) (*F) (Ft?)
AEC Index of Worst Single Failure 2300 2300 X
Acceptabi. ity®
Case
1. AEC Assump~ LPCI injection valvn' 2030 X X
tions
2. AEC Assump~ HPCI Palluro* X 1500 C.08
tious

* Calculated metal-water reaction is less than 0.2% of cladding for all cases above.
AEC acceptability index 18 1X.

t+ Four LPCI pumps, two CS pumps, and ADS remaining.
X Does not apply.
# Two CS pumps, one HPCI pump, and ADS remaining.

Eviluation Model. The performance analysis of the ECCS is based upon analy-
tical models used to conservatively predict reactor vessel pressure, liquid inven-
tory, and fuel cladding temperature variations with time after a break. These
models are identified, exemplified, and fully explained in Reference 5. There have
been no deviations f..m the evaluation model described in Appendix A, Part II of
AEC "nterim Policy Statement,

Fuel Clad Effects., Figure 6~4 shows peak cladding temperatures as a func-

tion of time for the worst single fallure case which leaves 2CS + HPCI and the
ADS operable. As shown, the maximum cladding temperature for this break, the
moet severe design-baeis accident, is substaniially limited by the emergency

core cooling eystems.
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An example of the integrated system performance is shown in Figure 6-5 for

& typical small size break with failure of HPCI, Peak cladding temperature for
thie case is shown in Figure 6-6,

Figure 6~7 is a break area spectrum analysis of the peak cladding tempera~-
ture and percent metal-water reaction for the worst single failures. The single
failures are the loss of the HPCI or the loss of the LPCI injection valve
resulting in ECCS degradation to 4 LPCI 4+ 2CS + ADS and HPCI + 2CS + ADS,
respectively. Adequate cooling is maintained.

ECCS Performance

Individual System Performance. The capability of the individual subsystems
of the ECCS is shown on the bar chart (Figure 6=8). A whole bar represents the
capability of an individual system to protect the core without assistance from

ancther subsystem. A half bar represents the range of break sizes for which a
low pressure system must rely upon a high pressure system for additional inven=-
tory makeup and/or more rapid vessel depressurization. The ADS provides no
inventory makeup and therefore cannot protect the core individually. The bar
chart reveals subsystem characteristics but should not te applied to ECCS per-
formance evaluitions. No single failure could be hypoth2sized that would result
in only one subsysten of the ECCS being available.

Integrated Operation of Emergency Core Cooling Systems. Two different
methods and at least two independent core cooling systems are provided to limit

fuel cladding temperature, over the entire spectrum of postulated reactor pri-
mary system breaks, as required by the design bases.

The following discussion is directed toward the integrated performance of
the ECCS; that is, how the ECCS will actually operate to provide core cooling
for the entire spectrum of loss-of-coolant accidents, The discussion is sub-
divided based on the two types of loss-of-coolant accidents; a break of a liquid
line and a break of a steam line.
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For convenience, the breaks are classified according to the location of the

penetration on the reactor vessel. The break types will fall into one of three
categories, These, along with the lines that fall into these categories, are

described below:

‘.

3.

Steam Type Breaks, These are breaks in which the reactor vessel

penetration is exposed to the steam regions inside the vessel.

a. Steanm Lines

b. Some Instrument Lines

Steam/Liquid Type Breaks. These are breaks in which the reactor ves-

sel penetration 1s either exposed to the two-phase regions inside the
vessel or to regions which are exposed to liquid, but are near the
water level and would therefore turn into steam breaks very shortly

after the break occurred. These are located above the core.

a. Feedwater Lines
b, Core Spray Lines
Cs Some Instrument Lines

Liquid Type Breaks. These are breaks in which the reactor vessel pene-
tration 1s well below the vessel water level and below the top of the

core,

a. Recirculation Pump Suction Lines
b. Recirculation Pump Discharge Line
Ce Drain Line

d. CRD Housir ;

€. Incore Housing

- Jet Pump Instrument Line

For a given size break, the lower the line penetration is located on the

vessel, the higher the prax clad temperatures; i.e., the peak clad temperature

for a given size break wiil be higher for those lines in liquid type breaks than
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in steam/liquid type breaks and those in steam/liquid type breaks will be higher
than those in steam type breaks. In demonstrating the performance and capability
of the ECCS, recirculation line breaks are analyzed since these will result in
the highest ECCS peak clad temperatures for a given break size. The rupture and
consequences of a main steam line break have also been analyzed since this is

the most severe case with regard tc containment performance.

For purposes of core performance and cladding integrity the most severe
accident (design basis accident) 1is the loss-of-coolant accident (recirculation
line break). By analyzing breaks in the main steam line, the efrfects of all
other steam type breaks are covered. For liquid type breaks, the spectrum
analysis performed on the rucirculation line breaks covers the effecis of all
other type liquid breaks such as the RHR suction and return lines, and recir u-

lation riser lines.

The peak clad temperatures for the steam/liquid type breaks will be less
than for the comparable size liquid breaks. This was shown in part in Millstone
Unit 1, AEC Docket No. 50-245 Amendment 1412 in which the effects of various
size feedwater breaks were analyzed.

Steam Line Breaks. The most severe steam pipe break is one that occurs
inside the drywell, upstream of the flow limiters, Although the isolation valves
close within 10.5 seconds (10-second valve action time plus 0,5-second instru-

ment response), such a break permits the pressure vessel to continue to depres-

surize, For putposes of analysis, pre-accident conditions assumed are the reac-
tor operating at design power, steam dome at maxiwuum design operating pressure,

s.ram low water level in the pressure vessel, and loss of auxiliary power

coincident with the steam pipe break.

The accident sequence starts with an instantaneous, guillotine severance of
the steam pipe upstream of the steam flow restrictors. The steam flow accelerates
to its limiting critical flow vwalue in the break at the pressure vescel end and
at the flow-limiter end. Steam loss exceeds the generation rate and results in
rapid depressurization of the pressure vessel and steam pipes. The first 10
seconds of this accident are similar to the break outside the dryweil, However,
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for the break inside the drywell, zlosure of the isclation valves reduces the
blowdown rate but does not prevent the vessel from depressurising The vessel
continues to depressurize causing sufficient voids to immediately shut down the
reactor,

A scram is initiated by & position switch in each isclation valve (at approxi-
mately 102 closure) su control rod insertion begine within 1.5 seconds after the
break, Low water level or high drywell pressure also initiate a scram,

Loss of reactor coolant through blowdown from the double~ended break con-
sists of three intervals: firet steam blowdown, then mixture blowdown, and fin-
ally steam blowdown again, As the reac.or vessel depressurizes, flashing causes
the water level to rise, When the level reaches the steam pipes, the break flow
changes from a steam blowdown to a stean-vater mixture blowdown., Mass flow rate
through break increases sharply, At 10.5 seconds the isclation valves are
¢losed, vhich reauces the blowdown rate. As coolant is expelled and pressure
decreases, the wvat:r level cutside the shroud dircps below tle steam pipe eleva-
ticn and steam blowdown begins again, The long term pressure transient and level
elevation trarsient are shown in Pigure 6-9,

Approximately 40 seconds after the break occurs, Soth cove spray systems and
the LPCIl system start to inject coolant into the vessel. For this analysis the
normai situgtion vwhere all ECCS pumps are operating is assumed., Analyses of
degraded situationt in which only a portion of ECCS operates alsc show that the
core remains covered and cooled throughout the entire blowdown transient, with
cladding integrity maintained,

Liquid Line Bieaks, The double-ended recirculation line break is the des‘gn
basis accident for the emergency core cooling systems. The reactor is assumed
to be operating at design power when & complete circumferential rupture instantly
occurs in one of the two recirculation system suction lines., Normal a-c power
supply to the recirculation pumps is assumed to fail at the tiwe of the accident,
Core inlet flow and vessel pressure follovuing the accident are shown in
Figure 610,
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Inftially, the roteting energy stored in the pump and motor of the unbroken
recirculation system line provides continuing flow into the lover ylenum, maine-
taining o relatively high level of core flow. The flon is assumed to cen:n when
the falling level in the downcomer reaches the fet pump suction level.

When the break flow in the severed recirculation line changes to steam, the
assoclated high vessel depressurization rate causes the water in the lower plenun
to vigorously and {mmediately flrsh to steam. This will force » two-phase flow |
up through the core and through the jet pump diffusers. As the lower plenum
- inventory is depleted, the mass flow rate {nto the core diminishes.

Calculations indicate that the reactor vessel depressurizes in approximately
40 seconds. The ECCS 4s initiated by either the low water level sensors in the
reactor vessel or high drywell pressure sensors. The ECCS begins delivering flow
to the vessel at “30 seconds after the accident. Figure 611 shows the vessel
pressure and watcr inventory transient following the accident,

The transient minimum critical heat flux ratio (MCHFT.) for the highest powered
fuel bundle during the blowdown is shown in Figure 6=12, The axial power shape
was chosen to ass' re that the fuel bundle was initially operating at thermal
limits.

As 1s evident from the figure, the MCHFR decreases initially after the acci~
dent occurs, increases slightly, and then decreases to less than 1,0 when core
flow stagnates due to the uncovering of the Jet pumps. Steam then blankets the
reactor core and film boiling is estahlished. However, this heat transfer is
conservatively neglected for this analysis (1.,e., the heat transfer coefficient
is set to zero).

. MCHFR becomes great than unity when the high core flow rates caused vy water
in the lower plenum flas to steam. This flashing forces large quantities of
water through the core and jet pumps, (See Figure 6~10.) With MCHFR greater
than unity, reestablished nucleate boiling would quickly cool the cladding
to near saturation temperature. However, no credit for rewetting is taken, The
Groeneveld f1lm boiling correlation (AECL-3281) is used to determine the convec~
tion coefficient as instructed by the AEC Interim Acceptance Criteria (IAC).
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MINIMUM CRITICAL HEAT FLUX RATIO

Figure 612, Minimum Critical {est Flux Ratio for DA at Monticello
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Conformance With Interim Acceptance C .*eria. In the analyses discussed
above there have been no deviations from the evaluation model described in
Appandix A, Part 2 of the AEC Interim Policy Statement,

Effects of ECCS Operation on the Core. The mechanical effects of LCCS opera-

tion on the core, react * coolant system and ECCS are those assoclated with the

thermal effect of injecting water into these systens which is cooler than
these systems and components, These thermal stresses have been considered in
the design of the core, reactor coolant system and ECCS.

There are no nuclear effects resulting from ECCS operation, since all con-
trol rods are inserted and the resctor vemains subcritical during the injection
of the cooler ECCS water,

There are no chemical additives in the ECCS water and therefore no chemical
effects on the core, reactor coolant system or ECCS,

Lag Times., The system time delays assumed in the LOCA accident are as
follows.

Maximum Allowable Time From Maximum Time Delay After
Signal Receipt Until the Puupe Receipt of Signal Until All
Have Reached Rated Speed Valve Motion is Complete

System (sec) (sec)

HPC1 30 30

cs 30 30

LPCL 43 43

ADS . 120

Fuel Densification ‘

Actual fuel Jensity data and a supplemental page to NEDM-10735 (Reference
13) will be provided so that Maximum Average Planar Linear Heat Generation Rate
(MAPLHGR) and Power Spiking Penalties (4F/P) for the 8x8 fuel can be deter-
mined. This information will be available prior to startup of the reloaded
core. Appropriate changes to tiue densification models occurring in the interim
will be similarly addressed.
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6.2, Rod Withdrewal Error

6.2.3,1 ldentification of Causes

Starting Conditions and Assusptions. The reactor is operating at & power

level above hot standby at the time the control rod withdrewal error occurs.
The reactor operator has followed procedures and up to the point of the with-
drawal error is in & normal mode of vperation (i,e,, the control rod pattern,
flow set point, etc,, are all within normal operating limite). For these con~
ditions it is assumed that the withdrawal error occurs with the maximum worth
control rod, Therefore, the maximum positive reactivity insertion will occur.

Event Description, While operating in the power range in a normal mode of
operatfon the reactor operator makes a procedural error and vithdraws the maxi~

mum worth control rod to its fully withdrawn position. Due to this positive
reactivity insertion, the core average power will increase, More importantly,

the local pover in the vicinity of the withdrawn control rod v»ill increase and
potentially could :ause localized fuel failures due to either achieving critical
hrat flux (CHF) or by exceeding the 1% plastic strain limit imposed on the cladding
as the transient failure threshold, The following list depicts the sequence of
events for this transient,

Approximate
Event Elapsed Tiue
(1)  Event begins; operator selects and withdraws at maximum 0
rod speed the maximum worth control rod
(2) Core average and local power increases
(3) LPRM's alarm <5 sec
(4) Event ende-rod block by RBM <30 sec

ldentification of Operastor Actions, Under wost normal operating conditions
no operator action will be required since the transient vaich will occur will be
very mild, If the peak linear power design limite sie exceeded, the nuarest local
powar range monitors (LPRM's) will detect thie phenomenon and sound an alarm. The
operator must acknowledge this alarw and take appropriate action to rectify the
eituation,
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Two major design changes, as well as the introduction of 8x8 fuel and
modified contr~! rod scram times, are being planned for Cycle 3 and have
been incorpor in the digital model used for the analysis, The replacement

of the four s _ safety valves with combination safety/relief valves of the
the same type as the existing RV's is a proposed change d_.igned to improve

pressure relief margins and eliminate the interaction of relief and safety
valves. Six Target Rock combination safety/relief valves are considered in
this analysis. A second major design change, a Prompt Relief Trip (PRT)
system, is planned to increase the effectiveness of the safety/relief valves

in maintaining pressure and thermal margins when the plant is subjected to
severe steam flow disturbances.

The control rod scram time used was the same as the present Technical
Specification scram time up to 50% insertion; a straight extension to the 90%
insertion was used, changing that point from 5.0 seconds to 3.5 seconds, The
analyses used the Design Basis Scram Reactivity Curve (D Curve) d+fining the
generic outer bound scram reactivity function. The scram reactivity curve and
scram time curve are shcwn in Figures 6-33 and 6-34.

The PRT system provi.es an immediate trip of six safety/relief valves in
response to a turbine trip (stop valve closure) or a generator load rejection

(fast closure of the control valves) from high reactor power levels. This
system is a major improvement for the scram reactivity considerations dis-

cussed at length in earlier submittals, 11,15,16 The PRT system will be
discussed in detail in a separate document to be submitted later; included

will be a functional descriptior of the system, its objectives, operating
characteristics and other considerations. The reload analyses were based

on the followiug operating conditions (except for special cases requiring
initial conditions at less than rated power and flow):

Therwal Pow .. 1670 MWt (T-G Design)
T-C Lusign Steam :'ow 6.77 x 10® 1b/hr
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Turbine Inlet Pressure 980 psig

Jet Pump M Ratio 1.59
Bypass Capacity 15% « Design Flow
Safety/Relief Valve Capacity 71.1% - Design Flow

(6 valves at 1080 psig +1%)
Safety/Relief Valve Time Delay 0.4 sec
Safety/Relief Valve Stroke Time 0.1 sec
Scram Rod Drive (Figure 6-33) €74

(3.5 seconds at ,0% stroke)

Scram Curve (Figure 6-34) Design Basis '"p"
Feeawater Capacity 105% - Design Flow
Feedwater Temperatire 376°F

6.2.4,1 1ldentification of Abnormal Operational Transients

A complete range of single-tailure-caused events which are abnormal
Lut reasonably expected to occour during the life of the plant were

analyzed ar part of the original licensing of the plant., These analyses
were described in the FSAR. Subsequent submittals have, where appropris-e,
included additional consideration of those events of significance to the
concept being reported (i.e., reloads, changes to transient analysis

parameters, or plant modifications), 11,14,15,16

A complete evaluation of all transient events (abnormal operational
transients) was performed in support of this reload to ensure all pre-

viously established requirements were met, This extensive reanalysi:
was deemed necelbary in view of the significant plant changes be..

concurrently applied to Monticello during the forthcoming rerueling

outage,
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The transient rear«lyses includad the following uwuclear system parameter

variations:

. nuclcar system pressure increases;
. reactor vessel water (modera or) temperature Jecreases;

« positive reactivity insertions; \

1
2
3
4, reactor vessel coolant inventory decreases;
5. reactor core coolant flow increases; and

6

. reactor core ccolant flow decreases.

The complete reanalysis of the affected FSAR alnormal operational
transients shows that the reload core satisfies MCHFR, heat flux and over
pressure requirements as described here and in Reference 10, Only those
transients resulting in system pressure increases are significantly affected
by the planned reactor pressure relief system modifications, the use of the
D ecram reactivity curve, and the new scram times. The detailed results of
all Abnormal Operational Transients will be presentad in the forthcoming
analysis based on these permanent solutions to changing scram reactivity
conditions. While specific details of the modification may change prior
to the installation, the basic operational aspects should not; the

analyses are expected to remain essentially the same.

6.2.5 loading Error

The worst case loading error for the ‘“rence core configuration occurs
when a reload bundle is rotated 130 degr. - .n a location near the center of .
the core.

Proper orientation of fuel assemblies in the reactor is readily verified
by <isual observation and is essured by verification procedures during core

loading. Five separate visual indications of proper fuel assembly orientation

exist:
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'. The chennel fastener assemblies, including the spring and guard used
to maintain clearances hetween channels, are located at one corner of
sach fuel aseembly sadjacent to the center of the coutrol rod.

2, The identification boss on the fuel ocesembly hendle points toward the

adjacent control rod.

3. The channel spacing buttons are adjacent to the control rod passage

area.

4. The sassembly identification numbers on the fuel assembly handles are
all readable from the direction of the center of the cell,

5. There is cell-to-cell replication,

Experience has demonrtrated that these design features are clearly visible
so that any miroriented fuel assembly would be readily distinguished during
core loading verification,

1f, however, through an error, a fuel assembly were installed rotated 180°
from the proper orientation, which is the 'orst case rotational error for any
exporure level, no fuel damage would be incu ced during the subsequent power
operation, even if the misoriented assembly were operating at the maximum

permitted power., Analysgis shows chat this error wouid resvit in a MLHCR
=16.3 kW/ft and a MCHFR =1.5]1 for a rotated R2 bundle, These are less than
the damage limit- established for this fuel. Should the loading error involve
one of the irrad .ted assemblies, the analysis in Reference 11 (reporting that

no fuel damage would be iucurved) is applicable for the Cycle 3 core,

6-65



2.

6.

10.

REFERENCES « SECTION 6

Paone, C. J., and Woolley, J. A.,, "Rod Drop Accident Analysis for Large
Bolling Water Reactors," Licensing Topical Report, March 1972 (NEDO-10527),

Stirn, R, C,, Paone, C. J and Young, R. M., "Rod Drop Accident Analysis
for Large BWRs," Licensing "upical Report, July 1972 (NEDO=-10527, Supple-

ment 1),

Stirn, R. C., Paone, C, J., and Haun, J. M., "Rod Drop Accident Analysis
for Large Boiling Water Reactcrs Addendum No. 2 Exposed Cores," Licensing
Topical Report, January 1973 (NEDO-10527, Supplement 2).

"Technical Basis for Changes to Allowable Rod Worth Specified in Technicel
Specification 3.3.8.3 (a),” submitted to AFC October 4, 1973, Dkt. 50-263.

Slifer, B, C., and Rogers, A. E., "Loss~of-Coolant Accident and Emergency
Core Cooling Models for Geueral Electric Boiling Water Reactors," Licens-
ing Topical Report, April 1971 (NEDO-10329 and NEDO-10329 Supplement 1).
Duncan, J. D., and Leonard, J. E., "Modeling the BWR/é Loss-of-Coolart
Accident: Core Spray and Bottom Flociing Heat Transfer Effectivenecss,"

March 1973 (NEDE-10801).

Linford, R. B., "Analytical Methods cf Plant Transient Evaluations for the
General Electric Boiling Water Reactor," February 1973 (NEDO-10802).

"In-Core Nuclear Instrumentation Syste.s for Oyster Creek Unit ! and Nine
Mile Point Unit 1 Reactors,” August 1968 (AYED~5456). .

Morgan, W, R., "In-Core Neutron Monitoring System for General Electric
Boiling Water Reactors," November 1968, reviscd April 1969 (APED-5706),

Monticello Nuclear Generating Plant, FSAR, Dkt. 50 263,

6-66



11,

12.

1.

14,

15.

16.

KEDS-20016

Monticello Nuclesr Generating Plent, First Reload License Submittal,
Pebruary 1973,

Milletone Unit 1, FSAR Amendment 14, Dkt, 50-245.

"Fuel Densification Effects on General Electric Boiling Water Reactor Fuel,
Supplement 6, 7, and 8, Composite," August 1973 (NEDM-10735).

"Resultes of Transient Reanalysis for Monticello Nuclear Generating Plant
with End-of-~Cycle Core Dynamic Characteristice,” February, 1973.

"Monticello - Safety Valve Setpoint Increase Analysie," Change request
dated September 3, 1873,

"Monticello ~ Cycle 2 Scram Reactivity Considerations, Analyses and Wodifi-
cations," October 1973,

6-67



7. TECHNICAL SPECIFICATIONS

There are four aereas of the Technical Specifications affected by the
preceeding information, Changes made necessary by the reactor pressure relief
system modifications discussed in Section 6,2.4 will be outlined in the forth-
coming sub..ttal on that subject. The formal request for Technical Specification
changee will be a separate, subsequent submittal, Specifications affected by this
submitcal iuclude the following:

Section 2 - The heat flux of & 7x7 fuel assembly operating up to 17.5 kw/ft
results in a 3.08 total peaking factor. Changes shoul” reflect the use of 8x8
fuel operating up to 13,4 kw/ft resulting in a 3.04 total pe,klng factor.

Section 3.3,C - The transient analysis (Section 6.2.4) was done based on

a control rod scram time to 90% insertion of 3.5 seconds rather that 5.0 seconds
as presently allowed. The Specification will be changed accordingly.

Section 3.5.K - The bx8, R-2 fuel will have unique properties for consideration

of postulated fuel densification phenomena. Since the AEC staff model requires
the use of measured pellet theoretical density, this information can not be
finalized until the fuel is fabricated.

Section 5.2 - The facility description states that fuel assemblies have 49
fuel rods each., This must be changed to allow the use of 8x8, 63 fuel rod

assemblies.



