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1. INTRODUCTION -

This report presents generic information relative to the fuel design and

analyses of General Electric Boiling Water Reactor plants for which General

Electric provides fuel. The report is comprised of the fuel design, fuel

thermal-mechanical analysis, and nuclear and hydraulic analyses methods. This

report provides information that is independent of a plant-specific applica-

tion. Plant-specific information and methods used to determine reactor limits

are given in the country-specific supplement accompanying this base document.

The generic information contained in this document is supplemented by plant

cycle-unique information and analytical results. This cycle-unique informa-

tion includes a listing of the fuel to be loaded in the core and safety anal-

ysis resulta. This information is documented in the plant FSAR for initial

core loadings and in a separate plant-unique cycle-dependent submittal for <

each reload. The format for the reload submittal is given in the country- [7
~

specific supplement to this document.

a
All approved changes, whether administrative or safety-related, will be placed

in the normal text , redated with either the incorporation date or SER date,

respectively, and the page heading will reflect the revision number (-1, -2,

etc.). All amendments which are administrative in nature (i.e., did not

require formal approval) will be designated with an "A" in the =argin uhen

incorporated into the normal text.

The fuel designs presently covered in this report inclade the Sx3, 8x3 Retrofit

(Sx8R), Prepressurized Sx3 Retrofit (P3x8R) and Prepressurized Sx3 Retrofit
..

r
x

with barrier (3P8x8R) . A detailed description of these fuel designs, as well 2E

as the models and results of the generic analyses performed to assure the struc-

tural adequacy of the reload fuel, is described in Section 2. Plant-unique

nuclear and hydraulic analyses which are performed for each individual reload

are documented in Sections 3 and 4, respectively.
_

Ov
l-1

|
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cross section at a particular elevation and one for the bundle. The lattice

designations used are 8DRLxxxAA, where:

8 - designates the fuel bundle design;

D - may actually be D, C or S and denotes that the design is for a D, C

or S lattice type core;

R - denotes the 8x3 retrofit fuel design;

L - indicates that it is the lattice description and not the bundle;

xxx - is the lattice cross-section average enrichment (U-235 weight

percent); and

AA - is a one- or two-letter suffix which differentiates between lattices <

with the same average enrichments that are different in some other
~

respect, such as enrichment distribution or gadolinium content and

distribution.

The Sx8R bundle designation used is SDRSxxxAA, where B replaces L in the lat-

tice description and designates that it is a bundle.
s

u) -

For the prepressurized 8x3 retrofit fuel design, a P is placed in front of

the lattice and bundle description. For the prepressurized 8x3 retrofit fuel -

e
design with barrier, a "3" is placed in front of the lattice and bundle 2[

''
description. _,

The reload bundle U-235 enrich =ents for each 3x8R and P8xSR fuel buadle designa-

tion which is available for 145.24-in. and/or 150-in. active fuel length are

given in Table 1-1.
-

V}f
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Table 1-1 m -6

]2 R s=

..~ CLATTICE AND SUNDLE AVERAGE ENRICHMENTS FOR 8x8R, P8x8R AND BP8x8R FUELS

145.24-in. Active 150-in. Active
Fuel Length Fuel Length

,

U-235 U-235
Enrichment Enrichment

Lattice Bundle (wt*) Bundle (wt*)

SDRL254 SDR3239 2.39 SDR3239 2.39
SDRL282L SDR3265L 2.65 SDR3265L 2.65 -%
SDRL282L --- --- SDP3271/SDR3271 2.71 ]$ R

* *SDRL282H SDR3265H 2.65 SDR3265H 2.65 $ _

SDNL282L5H SDN3277 /SDR3277 2.77 --- --- ]U)*
'

_<
SDRL301 SDR3282 2.32 SDR3283 2.33 Gy

];g ) $
8DNL301 --- --- SDP3289/SDR32S9 2.89 ~_k

9SDRL303 --- --- SDPS291/SDR3291 2.91 *

SbRL30JL --- --- SDR3284L 2.84 -)N ,3
.

PSDRL254 PSDR3239 2.39 PSDRB239 2.39
PSDRL282L PSDR3265L 2.65 PSDR3265L 2.65

,_]<PSDRL282H PSDR3265H 2.65 PSDR3265H 2.65 <
PSDRL282L --- --- PSDP3271/PSDR3271 2.71 m m <~

p PSDNL282L5H PSDN3277/PSDR3277 2.77 --- --- _3]N
~

(j PSDRLO71 --- --- PSDR3071 0.71 r- <
PSDRLlS3 --- --- PSDR3175 1.75 P
PSDRL233 --- --- PSpR3221 2.21 )
PSDRL301 PSDR3282 2.32 ?SDR32S3 2.33

- I
< mPSDRL301 --- --- PSDP3239/PSDR3289 2.39 - s

][ ' _PSDRL303 --- --- PSDP3291/PSDR3291 2.91
PSDRL303L --- --- PSDR3284L 2.34 -

PSDRL303H --- --- PSDR3284H 2.84 ~ $
PSDRL303LA --- --- PSDR3284LA 2.34

'
4

P8DRL303L3 PSDR3284L3 2.84 --- ---
''

PSDRL305 --- --- PSDR3285 2.85
PSDRL319 --- --- PSDR3299 2.99

3CRL283L --- --- SCR3266L 2.66 -<
SCRL303L3 --- --- SCR3234LB 2.34 R
SCRL303L --- --- SCR3235L 2.35 _

"
y

]EPSCRL283L --- --- PSCR3266L 2.66 ;;
PSCRL280LA --- --- PSCR3266LA 2.66 -

PSCRL280 --- --- PSCR3263 2.63 < <
PSCRL230H --- --- PSCR3263H 2.63 k -| 2

~

PSCRL2 SOL --- --- PSCR3263L 2.63 .O ' J 'E
PSCRL303L --- --- PSCRB235L 2.85 <PSCRL303Li --- --- PSCR3284L\ 2.34

j;g
y

PSCRL303L3 --- --- PSCR32S4L3 2.34 ,g
PSCRL303 --- --- PSCR3284 2.34 J;;

(O.,i PSCRL303H --- --- PSCR3284H 2.34 ],-

|

1-4
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Table 1-1 <im.

} ? - {n- [|
LATTICE AND BUNDLE AVERAGE ENRICHMENTS FOR 8x8R, P8x8R AND BP8x8R FUELS x m

(Continued)

145.24-in. Active 150-in. Active
Fuel Length Fuel Length

U-235 U-235
Enrichment Enrichment

Lattice Sundle (we%) Bundle (wt%)

'

PSCRL303HA --- --- P8CR3285HA 2.85 -

P8CRL303HB --- --- P8CRB284HB 2.84 2! N
P8CRL233 --- --- PSCRB219 2.19 21 2E

~

P8CRL183 --- --- PSCR3176 1.76 .

" ' "

PSCRLO71 --- --- PSCRB071 0.711 .

P8CRL296 --- --- P8CRB278 2.78
P8CRL261 --- --- PSCRB248 2.48
PSCRL264 --- --- P8CRB248 2.48
P8CRLl71 --- --- PSCRB163 1.63
P8CRLO96 --- --- F8CR3094 0.94

~

P8DRL284 PSDBD266 2.66 --- ---

- PSDRL302H ?8DRB283 2.33 --- ---

k ,s) P8DRL321L --- --- P8DR3301L 3.01 <
F8DRL303HA --- --- PSDRB284HA 2.84 gg
PSDRL303LB --- --- P8DRB284L3 2.84 0

I%PSDRL303LC --- --- F8DRB284LC 2.84 $
PSDRL303LD PSDRB284LD 2.54 --- --- 21
P8DRL303Z --- --- P8DRB284Z 2.34 C| _

PSSRL303L --- --- PSSRB284L 2.84
PSSRL303 --- --- PSSRB284 2.84
P85RL303H --- --- P85RB284H 2.34
PSSRL280 --- --- P85RB263 2.63
P85RL280H --- --- PSSRB263H 2.63
P85RL233 --- --- PSSRB219 2.19
F85RL210 --- --- PSSRB200 2.00
P85RL183 --- --- P85RB176 1.76
PSSRLl60 --- --- PSSRB154 1.54
P85RLO71 --- --- F85RB071 0.711

- .

3PSDRL254 BPSDR3239 2.39 BPSDRB239 2.39
SPSDRL282L BP8DR3?65L 2.65 3PSDRB265L 2.65
BPSDRL282H BPSDRB26.' ' 2.65 BPSDRB265H 2.65

--- --- 3PSDR3271 2.71BPSDRL282L
BPSDRL282LNSEN SPSDRB277 2.77 --- ---

_

x

BPSDRL301 3PSDRB282 2.82 BPSDR3283 2.83 3E

SPSDRL301 --- --- 3PSDRB289 2.89
BPSDRL303 --- --- BPSDRB291 2.91

(_ 3P8DRL303L --- --- BP8DR3284L 2.34
3PSDRL303H --- --- BPSDRB284H 2.34

.

1-5
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Table 1-1

LATTICE AND BUNDLE AVERAGE ENRIC101ENTS FOR 8xSR, PSx3R AND SP8x8R FUELS -

(Continued)

145.24-in. Active 150-in. Active
Fuel Lencth Fuel Length

U-235 U-235
Enrichment Enrichment

Lattice Bundle (wt%) Bundle (wt%)

I

IO
' R

'
m

V
<

f
\ >g

1-Sa

._.
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O' Table 1-1

LATTICE AND BUNDLE AVERACE ENRICW2'GS FOR 8x8R, P8x8R AND BPSx8R FUELS
(Continued) -

145.24-in. Active 150-in. Active
Fuel Length Fuel Length

U-235 U-235
Enrichment Enrichment

Lattice Bundle (wt%) Bundle (wt?.)

S
3

.

W

O

.

O
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O)(_ 2. FUEL MECHANICAL DESIGN

2.1 FUEL ASSEMBLY DESCRIPTION

,

The fuel assembly, shown in Figure 2-1, consists of a fuel bundle and a channel

which surrounds it. Fuel bundle designs are designated as either 8x8, 8x8R, < g

] ;e) ;z;PSx8R, or BPSx3R. Fuel assembly para =eters for each fuel bundle type are given ;
-

in Table 2-1. The 8x8 fuel bundle contains 63 fuel rods and one water rod. The
m

8x8R, PSx3R and BPSx3R fuel bundles contain 62 fuel rods and two water rods. ]2C - $
a a

_?2The rods of all bundle types are spaced and supported in a square (Sx3) array <

] ;=7by the upper and lower tieplates, as well as fuel rod spacers. The lower tie-
-

plate has a nose piece which has the function of supporting the fuel assembly

in the reactor. The upper tieplate has a handle for transferring the fuel

bundle from one location to another. The identifying assembly serial number is

engraved on the top of the handle. No two assemblies bear the same serial

number. A boss projects from one side of the handle to aid in ensuring proper

fuel assembly orien:ation. 30th upper and lower tieplates are fabricated from 4

Type-304 stainless steel. Zircaloy fuel rod spacers equipped with Inconel-X ] 20m
/''N springs are employed to maintain rod-to-rod spacing. Finger springs located ~

\-] between the lower tieplate and the channel are utilized on some fuel assemblies

to control the bypass flow through that ficw path.

Application of the appropriate fuel assembly to the SWR type or project is

acco=plished by adherence to a design control program wherein each mechanical

configuration is reviewed for applicability to the identified product line

(SWR type) and each nuclear standard is reviewed for applicability :o identified

project requirements (see Section 2.7).

2.1.1 Fuel Rods

Each fuel rod consists of high density ceramic uranium dioxide fuel pellets <

stacked within Zircaloy cladding which is evacuated backfilled with helium l ;x;
~~

and sealed with Zircaloy end plugs welded in each end.

m

4

I

I /~N 7hg
~

._,

2-1

|

|

|
t . . . . .. - , . _ .



__________ __

NEDO-240ll-A-6

O 3
which fit into bosses in the tieplates. An expansion spring is located over

3 .si.
the upper end plug shank of each rod in the assembly to keep the rods seated in
the lower tieplate while allowing independent axial expansion by sliding within
the holes of the upper tieplate. Additional expansion spring design informa-
tion is given in Section VII of Reference 2-3.

2.1.2 '4ater Rods

The Sx3 fuel bundle contains one water rod and the Sx3R, P8x3R and 3PSxSR fuel
.e

bundles contain two water rods. These rods are Follow Zircaloy tubes with
several holes punched around the circumference near each end to allow coolant
to flow through. Three holes with a diameter of Tor the SxS and

_ r
x0.116 in. for the 8x8R, PSx8R and BP8x3R fuel designs are located at the botte-

. ;;
of the water rod, and eight holes with a diameter of in, are located at

the top.

<
_

One water rod in each bundle positions the Zircaloy fuel spacers axially. ) ;x7
() This spacer-positioning water rod is e, quipped with a square bottom end plug

and with spacer positioning tabs which are welded to the exterior (Figures 2-4 ] ;x7

and 2-5). The rod and spacers are assembled by sliding the rod through the
_.

e

appropriate soacer cell with the welded tabs oriented in the direction of the
corner of the spacer cell. It is then rotated so that the tabs are above and
belev the spacer structure. Once in position the water rod is prevented from
rotating by the engagement of its square lower end clug with the lower tie-
plate hole.

2.1.3 Other Fuel Assembiv Comoonents

The primary function of the fuel spacer is to provide lateral support and
spacing of the fuel rods, with consideration of thermal-hydraulic performance,
fretting wear, strength, neutron economy, and producibility. The spacer
represents an optimization of all these considerations. Detalls of the me-
chanical design of the Sx3, Sx3R, PSx3R and BPSx8R spacers are shown in }sE
Figures 2-6 and.2-7. #

(" Finger springs shewn in Fi;ure 2-8 are employed to control the byoass flow
\

through the channel-to-lower tieplate flow path for some fuel assemblies.

2-3
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GO
the gadolinia-urania fuel rods are designed to provide margins similar to y
standard UO2 rods. The calculated LHGR values as a function of exposure are oc

given in Tables 2-3 and 2-3a. Differences between beginning of life and end

of life are primarily due to changes in: .

The values calculated as resulting in 1% plastic strain in the cladding are

used during specific plant evaluations of transients due to single operator

error or equipment malfunctions to ensure that the safety limit is not ~ j
x

exceeded, See Section S.2 of the country-specific supplemental report. ;7
--

Sased on these results, it has been determined that the power required to
produce 10 plastic strain in the cladding is equal to or greater than 175% of7,s

\s,) the design maxi =um steady-state power throughout life for all rod types in the
assembly for the 8x8 fuel design, and greater than 160% for the 8x8R and 145"

~

g
for the PSx8R and BP8x8R designs. These ratios consider the presence of a E.

r_alculated power spiking penalty being added to the MLHCR.

i
i

.

1

( ) j

%> '

t

2-12
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2.4.2 Design Evaluations

The integral design model used in the thermal analyses treats a fuel rod as a

number of distinct axial nodes. Analyses at each axial node are based on a solid

right circular cylinder pellet geometry divided into annular ring nodes with

concentric cladding.

m-
~ Specific analytical results for the ex8, 8x3R, PSx8R and BP8x8R fuel designs } 21 ;<;

<r ~~

are given below. No criteria are specified, as results of the evaluations docu- *

mented in Subsections 2.4.2.2 through 2.4.2.6 are used as input to the mechan-

ical evaluations given in Subsection 2.5.
t

Parameters reviewed to ensure that the generic fuel analyses are applicable for

each plant reload core are given in Subsection 2.7.

2.4.2.1 Effects of Fuel Densification

Evaluations to determine the effects of fuel densification are made using the

[Ds_ ,f models described in References 2-7 and 2-3. Possible effects due to fuel densi-

fication are: (1) power spikes due to axial gap formation; (2) increase in linear

heat generation rate (LF.GR) because of pellet length shortening; (3) creep collapse
of the cladding due to axial gap for:ation; and (4) changes in stored energy due
to decreased pellet-cladding thermal conductance resulting f rom increased radial

gap size.

2.4.2.1.1 Power Spiking

The power spiking allowance, calculated using the referenced methods, resulted in

a power spiking penalty at the top of the core which is less than or equal to

2.2% for the 3xS, Sx8R, PSx3R and BP8x8R designs. The power spiking penalty 'Ei 2ls i x
as a function of elevation from the bottom of the core is conservatively ~ "' ' 2

expressed by:

( .p ~'.o ~(
-

(2-2)
P P L

x L

n_

2-13
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However,

for conservatism, this allowance for impairment of heat transfer resulting
from a buildup of surface deposits was used for this analysis.

The model used to calculate the fuel cladding temperature is documented in

Reference 2-25.
- -

=
Fuel cladding temperatures as a function of heat flux for the 8x8, SxSR, P8x8R _;p

and BPSx8R designs are shown in Figures 2-12 and 2-13 for the beginning-of-life <

conditions and in Figures 2-14, 2-15, and 2-15a for late-in-life conditions. ]

('s- 2.4.2.3 Fission Gas Release

The fuel rod internal pressure is calculated using the perfect gas law. Fuel rod

internal pressure is due to the helium, which is backfilled at one atmosphere
pressure f or the 9x3 and Sx3R designs and three atmospheres pressure for the - ,

_

PSx3R and BPSx8R designs during rod fabrication, the volatile content of the <;
- -c

UO , and the fraction of gaseous fission products which are released from the
2

UO . In defining the hot plenum volume used to compute fuel rod internal gas ,
3 -

pressure, nominal tolerances are assumed. The available fission gas retention 2E

volume is determined based upon the following assu=ptions: -

< =
N

.

'; l;5 7 Wa. Nominal (PSx3R and BPSx8R) as-built plenum volunc; J _; jss
-e

=

b. Maximum e::pected fuel cladding dif f erential expansion. ,

i
!

Ov

1
i 2-li

t

I
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2.4.2.4 Fuel and Cladding Expansion

The fuel rod is designed to acco==cdate predicted fuel and cladding differential

expansion. Assuming no cladding restraint, the total relative axial expansion of

fuel and cladding is calculated as the diff erence in the cladding axial thermal

expansion and the fuel axial ther:al expansion and irradiation swelling.

The axial thermal exponsion of the fuel cladding is calculated based on cladding
average te=perature and cladding longitudinal thermal expansion coefficient

given in Subsection 2.3.1. Similarly, the axial fuel thermal expansion is a func-

tion of the average fuel temperature and the fuel thermal expansion coefficient.

Ov

2-13
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2.5.3 Fuel Assembly Normal and Transient Load Evaluations

j

|

J The fuel asse=bly and its co=ponent parts are analyzed to ensure =echanical'

integrity after exposure to normal and transient operational loadings. The
evaluations perfor=ed for the fuel rod, water rod, spacer, and upper and lower

| tie plate are given below. Fuel rod evaluations are performed for di=ensional
.

stability, creep collapse, stress, deflection, fatigue, water-log rupture, and'

flow-induced vibrations.

I The fuel asse=bly and fuel components are designed to assure di=ensional stability
in service. The fuel cladding and channel specifications include provisions to
preclude di=ensional changes due to residual stresses. In addition, the fuel

assembly is designed to acco==odate di=ensional changes that occur in service due

| to ther=al differential expansion and irradiation effects. For example, the fuel
rods are free to expand axially independent of each other.

Mechanical analyses have been performed to assess the effects of the differential
thermal expansion between the tie plates and spacer grids. The differential

j thermal expansion introduces a bending stress of less than 400 psi at the end of
I the fuel tube. Additional information regarding the model e= ployed in this cal-

!culation is presented in Section 4 of Reference 2-15.

.

1

! 2.5.3.1 Fuel Rod Evaluations

2.5.3.1.1 Cladding Creep Collapse
i
!

I A cladding creep collapse analysis has been perfor=ed employing the finite element

model documented in Reference 2-16. Figure 2-16 presents the cladding midwall

temperature versus time employed in the analysis. The temperature vs ti=e shown
i

j in the figure reflects the assumptions that at a location of the fuel rod, the

fuel is operating at 13.4 kW/ft plus the calculated power spiking penalty, up to

| an exposure of 4000 mwd /t. At that point in ti=e, a gap is assumed to for= as a

| result of densification, and the cladding temperature therefore decreases. No
i credit was taken for internal gas pressure due to released fission gas or volatiles.

! The internal pressure due to helium backfill during fabrication was considered. |

Based on the analysis results, cladding collapse was not calculated to occur for
either the Sx3, Sx3R, PSx3R or SP8x3R fuel designs. ~E

-3

2-25
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2.5.3.1.2 Stress Evaluations

The computer program used for the stress analysis of fuel rods is linear and
elastic; plasticity, creep, or relaxation are not included. The =2ximum shear
stress theory of failure is used, with all radial stresses assu=ed to be zero.
The radial, longitudinal, and circu=ferential directions are assu=ed to be the
principal stress directions. Tensile stresses are considered positive, and
co=pressive stresses are considered negative. It is assumed that stress super-

position is valid and that all stresses are within the range of Hooke's Law
deformation, except the pellet-cladding interaction stress during transient over-

power. Stress subscripts are defined in Figure 2-17.

An example of fuel description input parameters used in the 8x8R, PSx8R and
~ < ~ c_

e q
BPSx8R analyses is given in Tables 2-7a, 2-7b, and 2-7c. Thermal analysis

_
;; , e

inputs are given in Subsection 2.4 Cladding material properties used in the

analyses are given in Sabsection 2.3. At beginning of life, the unirradiated

=echanical properties given in Subsection 2.3 are used. At subsequent times

() in life, saturated irradiated =echanical properties are assu=ed unless the

te=perature is high enough that the irradiation effects on cladding mechani-

cal properties are assu=ed to be annealed out. For the latter condition,

unirradiated mechanical properties are used.

Three regions of the cladding (at the spacer, between the spacers, and at the

end plug weld) are analyzed for three different conditions at the beginning of
life and at the end of chosen exposure steps. The three conditions considered

are: (1) rated power and steady-state design pressures; (2) rated power and

transient design pressures; and transient power.

The loads applied to the fuel rods include pressure differentials, flow-induced

vibration, spacer contact, thermal =ismatch (of cladding and relative to lower

end plug), radial and circumferential thermal gradients, end plug =isalign=ent,

and pellet-cladding interaction. These loads result in the stresses given in

Table 2-18. Equations used to calculate each stress are given in Table 2-8.

Somenclature for these equations is given in Table 2-9. There are two analyses

performed for each time point and condition analy:cd.

a

2-25
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For the 8x8, 8x3R and P8x8R fuel designs, the first analysis uses the cladding
differential pressure resulting from maximum coolant pressure and zero psia

e,
internal gas pressure x

s
#

fuel rod internal pressure at operating temperature due to the helium fillgas);

the second analysis uses the cladding differential pressure resulting from

minimum coolant pressure and maximum internal gas pressure. _

The equivalent stress intensity is calculated for each stress category given in

Table 2-6, at each of the three regions of cladding, for the inside and outside
surfaces, for each time point analyzed. The stress combinations at each region of
cladding is given in Table 2-19. The equivalent stress intensity is defined as the

difference between the most positive and least positive principal stresses in a
triaxial field. The resulting stress intensity for each stress combination is

divided by the appropriate normal or aonormal stress intensity limit given in

Table 2-6 to obtain a design ratio. The strengths in the design limits are evalu-

ated at the temperature of the location where stresses are being summed. For Stress

Category 1, this is the mean cladding temperature; for Stress Categories 2, 3, and

( 4, it is the temperature of the applicable cladding surface. No design ratio is

allowed to exceed unity.

*his large set of numbers is summarized by shcaing the maximum design ratio at

each rod location for each time point analyzed. Ena=ple analytical results for

the 3x3R fuel design are given in Table 2-10,

2.3.3.l.3 Deflection Evaluation

T'e operational fuel rod deflections considered are a result of manufacturing

tolerances, flow-induced vibration, thermal effects, and axial load. The deflec-

tion equations are given in Table 2-11. Nomenclature for these equations is <

given in Table 2-9. The deflections were combined and compared with the tuel )!k
s

red-to-f uel red and f uel rod-to-channel spacing deflection limit s given in

Sabsection 2.5.1. This comparison demonstrated that the fuel rod clearance

criterion was .et.

2-27
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2.5.3.1.4 Fatigue Evaluation

The fatigue analysis utilizes the linear cumulative damage rule (Miner's

hypothesis ~ ).

In the analysis, thermal stresses are assumed to be proportional to power, based

on reference values at 100% power. Because fatigue damage is calculated as a
state function, and not a path function, explicit time histories of pressure and

temrerature are not required. The cyclic condition relating to overpower transients

would result from an operator error or equipment malfunction, and would theretore
be expected to be of short duration (less than S hours).

i

|
i

|

Y <
m
x
N
x
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<
,;

!k
a

i

~ r

25-
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i x

!R
-

The cy;iic loads considered in cladding fatigue analysis are coolant pressure

and thermal gradients. The analysis is based on the cycles and ma:<imum and <
,c

- mini =um coolant pressures shown in Table 2-13 and the stresses determined in 2172
1 x ,sp "*

t ) Subsection 2.5.3.1.2. Beginning-of-life thermal gradients are used because
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The fuel rod natural frequency is approximate.ly 35 Hz, so the predicted vibra-
tional amplitude is .

.

2.5.3.2 Water Rod

The water rods experience less axial growth than the fueled rods during thermal
cycling. Therefore, loads can be induced in the spacer positioning water rod,
if the positioning device (tab) on the water rod engages the spacer grid. Any

Iadditional growth after engagement requires the fueled rods to slide through the '

spacer grid and thereby creates friction forces which =ust be reacted by the
spacer positioning rod. The 14-tab water rod has sufficient =argin against the
spacer positioning rod sustaining any significant load due to spacer friction
forces. This is acco:plished by providing additional space between the spacer
positioning tabs above that required to clear the divider.

The strength of the spacer grid positioning device was tested using a fixture '

O _

similar to the one shown in Figure 2-13 for the Sx8, 8x8R, P8x3R and BP8x8R 14-tab 2C
q.

water rod designs. Uncoupling of the positioning device occurred when the
loads induced on the spacer divider were of such magnitude that the divider
rotated and allowed the tab to pass. This could result in minor damage to the
divider and smearing of the edge of the water rod tab. Both the tab and
divider re=ained-intact. The estimated hot load carrying capability of the
spacer grid positioning device is about 3 times the load which can be
i= parted by friction between the fuel rods and spacers.

In the 8x8, SxSR, PSx8R and BPSx3R designs, the spacer grid positioning device is }h
not located at the geometric center of the spacer grid. In Figures 2-4 and *

2-5, the location of the geometric center of the spacer grid has been
identified. The distance from the geometric center to the tab for the 14-tab
water rod is shorter than the distance to the tab of the orevious design,
7-tab, water rod which resulted in approximately a 25?, reduction in the maxi-
mum force required to slide the spacer over fuel rods with a load being applied
to the water rod. This was aubstantiated by testing with the test fi: cure

shown in Figure 2-19.
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Table 2-1 (Continued)

<
- r

PARAMETERS VARYING WITH FUEL ASSE>t3LY DESIGN AND REACTOR g 21
TYPE, 8x8R, PSx8R, AND BPSx8R BUNDLE DESIGNS - -#

z
<

]EREACTOR TYPE BWR/2,3 BWR/4,5,6 BWR/6 ;;
~

Active Fuel Length (in.) 145.24 150 150

Heat Transfer Area (ft ) 94.9 98.0 98.0 #
.
n

JN_
Spacer Pitch (in.) 19.55 20.15 20.15

! Finger Springs * yes yes

Lower Tieplate 3ypass yes yes"

Flow Holes
'

Nominal Fuel Weights: Wei2ht of CO2, Kg Weiaht of U. K;

FUEL BUNDLE, 14 5. 24 A FL 130 AFL 14 5. 24 AFL 150 AFL < <

l s=4 -
e ,_

x
sx - e,

SDR3239/FSDR3239 '200.6 207.2 176z9 132.6
~

<

8DRB265L/PSDR3265L 200.5 207.1 176.3 132.5
c-

. SDRB265H/PSDRB265H 200.3 206.9 176.6 182.3-

SDR3282/PSDR3282 200.2 176.5 --- 5---

SDR3233/PSDR3233 --- 206.7
182.2

~
El132.2---

3DR3284L/PSDR32S4L '206.7--- ---

3DR32S9/PSDR3239, --- 206.7 182.2---

SDPB239/PSDP3289 ~

<
SDR3271/PSDR3271. --- 206.9 132.3 E---

SDP3271/PSDP3271 3?
PSDR3291/PSDR3291, --- 206.7 132.2---

SDRB291/PSDR3291
SDR3277/PSDRB277, 200.2 176.4

~
--- ---

SDN3277/PSDNB277
~

PSDR3284H --- 206.5 132.0---

<
PSDR32S4L3 200.4 176.7 ];--- ---

PSDR32S4LA --- 207.0 132.4 _ a 2:---

P3DRB285 132.1
~

206.6--- ---

PSDR3299 206.3 182.0 <--- ---

PSCR2263 --- 207.1 132.5 E---,

132.5 )USCRI266L/PSCR3266L 207.1---- ---

PSCRB266LA --- 207.0 182.4 '
~

--- <
P8CR3263L 207.1 182.5 E--- ---

PSCR32633 --- 206.9 182.3 52
.

---

PSCRB284 --- 206.9 132.3 |---

PSCR3234L\ 207.1 182.5--- ---

SCR3284L3/PSCR3234L3 --- 207.0 --- 132.5
-

.

*0n selected fuel assemblies f'r bypass flow control.
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Table 2-1 (Continued)

. %
21

PARAMETERS VARYING WITH FUEL ASSE2IBLY DESIGN AND REACTOR r
TYPE, 8xBR, P8xSR, AND BPSx8R BUNDLE DESIGNS 20

x-<-

|

S<FUEL BUNDLE 145.24 AFL 150 AFL 14 5. 24 A FL 150 AFL e
%
*

PSCR3284H 206.7 182.2 ---- ---

206.6 --- 182.1 $P8CR3284H3 ---

182.5 25SCR3285L/PSCR3235L --- 207.1 ---

'
PSCR3285HA 182.4206.9--- ---

PSDR330lL --- 206.6 --- 132.1
PSDR3233H 199.9 176.2 ------

181.9
_PSDR328'4EA 206.3--- ---

182.3 2!206.8PSDRS284LB ------

182.1 3206.6PSDRB284LC ------

PSDRB284LD 200.3 --- 176.6 ---

176.7PSDR3266 200.4 ------

PSDRB284Z 200.3 --- 176.6 ---
_

207.0 --- 182.-PSSR3263 ---

PSSR3263H --- 2C6.9 --- 182.3
PSSR3234L --- 206.9 --- 182.3

192.2 <PSSR3284 --- 206.7 ---

PSSRB234H --- 206.6 --- 182.1 ~E
132.5 SIPSDR3221 --- 207.0 ---

% PSDR3175 --- 207.3 --- 132.7
PSDR3071 207.6 --- 133.0 $---

182.5 *$PSch3219 --- 207.0 ---

14s
PSCR3176 --- 207.3 --- 182.8 -. a *.

*
h.
n

PSCR3071 --- 207.6 --- 133.0 12
PSSR3219 207.0 --- 132.5---

PSSR3200 --- 207.2 132.6---

PSSR3176 --- 207.3 --- 132.3
' '

PSSR3154 207.5 --- 182.9---

PSSR3071 --- #1/.o 133.0---

182.7 - <PSCR3278 --- 207.2 ---

206.9 --- 132.4 yPSCR3243 ---

207.2 --- 132.7 ;;PSCR3163 ---

'

PSCRB094 --- 207.6 133.0--- -.
!

!,

!

1

!
,

-

|
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Table 2-1 (Continued) -

PARMETERS VARYING WITH FUEL ASSE' GLY DESIGN AND REACTOR
TYPE, Sx8R, P8x8R, AND 3P8x8R BUNDLE DESIGNS

FUE< BUNDLE 145.24 AFL 150 AFL 145.24 AFL 150 AFL
, .
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Table 2-1 (Continued)

-

PARAMETERS VARYING WITH FUEL ASSD!BLY DESIGN AND REACTOR
TYPE, 8x8R, P8x8R, AND BPSx8R BUNDLE DESIGNS

FUEL BU' IDLE 145.24 AFL 150 AFL 145.24 AFL 150 AFL

i

Ie
'

- -r

O

J

G
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Table 2-3
-<

LINEAR HEAT GENERATION RATE 2;

0F CALCULATED 1% PLASTIC DIAMETRAL STRAIN ,R <

FOR 8x8 AND 8x8R FUEL =
n.

Exposure LHCR at Calculated 1% Plastic _

(mwd /t) Strain (kW/ft)*

UO
2 Cd**

O d24.7 321.9
<

20,000 >23.0 >20.4 g
s

40,000 >l9.6 117.3 m-

_

Table 2-3a

O LI:: EAR HEAT CENERATION RATE OF CALCULATED 1" PLASTIC
~

- _

DIA::ETRAL STRAIN FOR P8x8R A'!D SP8x8R FUEL :c

Exposure LEGR at Calculated 1% Plastic ,

(mwd /mt) Strain (kv/ft)* ,

2

b<
s
;s

:

_

l

*The values reported have been reduced by an amount equal to the calculated
power spiking penalty (%).

**Results for gadolinia are applicable for maximum concentration used in
relcad fuel design. )

OO
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Table 2-4

LINEAR HEAT GENERATION RATE AT CALCL1ATED INCIPID;T CENTER MELTING
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Table 2-7c

3PSx8R FUEL DESCRIPTION PARA >tETERS
(GE COMPANY PROPRIETARY),'
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Table 2-13b

LOAD CYCLES
(GE COMPANY PROPRIETARY)

(BP8x8R FUEL)
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Figure 2-2.11ab. Cadaliniu a Distribution for BPSCRB266L Fuel Buncles
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SxdR, PSxSR and BP8x8R Fuel Bundles (CE C0:!PANY PROPRIETARY) d
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Figure 2-13b. Cladding Temperature Versus Heat Flux at Beginning of Life (BOL), |

fBP3x8R Fuel (CE COMPA'N PROPRIETARY) -
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will be satisfied if the uncontrolled fuel bundle k,, calculated in the normals

reactor core configuration meets the following condition for General Electric

designed fuel storage racks:
-

2
R

k, 1 1.31 for regular spent fuel storage racks with an interrack spacing *a.

> 11.875 inches.

b. k, 11.30 for regular spent fuel storage racks with an interrack
-

spacing ~>l1.71 inches. E
R

k, 11.35 for high density fuel storage racks.c.

-

These criteria apply to the storage racks at all plants but the following,

listed with their acceptable peak uncontrolled fuel bundle k,:

<
"* "'

Plant =

.-

Nine Mile Point 1 1.25
O
() Quad Cities 2 1.256

.

The peak uncontrolled lattice k,'s calculated in a nor=al reactor core config-
uration for various mid-axial lattice types are shown below (maximus k, indicates
the peak reactivity point in the exposure and te=perature range in the uncon-

trolled atste above 65*C, which assures added conservatism):
Expos ure - -

Lattice Type Maximum k, (C*a*d / t ) Si
s

SD250 1.236 5.0
8D262 1.241 5.0
SD274L 1.238 5.0
SD274H 1.216 7.0

SD219L 1.159 0.0

SD219H 1.119 8.0 .

2~ -
.

SDRL303/PSDRL303/SPSDRL303 1.213 10.0 g-
SDRL301/PSDRL301/3PSDRL301 1.228 7.0

kkSDRL232L/PSDRL282L/3PSDRL282L 1.239 5.0
,

: e <
SDRL282H/PSDRL232H/3PSDRL282H 1.213 7.0 t g ,2i ss x' *SDSL282L/PSDNL282L/BPSDNL232L 1.226 8.0

a --
J q'

-.

(V>

3-13
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|

l

O
Exposure

Lattice Type Maximum k, (C%'d / t) <
I E

8DNL282H/P8DNL282H/BP8DRL282H 1.212 8.0
~ ]R ] g

is -

8DRL254/P8DRL254/BP8DRL254 1.220 8.0

P8DRLO71/BPSDRLO71 0.920 5.0 -

3

{P8DRL183/BP8DRL183 1.171 3.0

P8DRL233/BP8DRL233 1.217 5.0 .~
P8DRL303H/BP8DRL303H 1.212 10.0 ]

-

~

P8DRL303LA/dP8DRL303LA 1.239 7.0 3
P8DRL303LB/BP8DRL303LB 1.234 7.0 ) R.

'
,

hP8DRL305/BP8DRL305 1.215 10.0

P8DRL319/BP8DRL319 1.174 9.0 D

PSCRL280L/BPSCRL280L 1.171 7,0

P8CRL280LA/BP8CRL280LA 1.169 7.0

PSCRL280/BPSCRL280 1.191 5.0

2P8CRL280H/BP8CRL280H 1.169 7.0
~

]{8CRL283L/P8CRL283L/BPSCRL283L 1.228 S.0

O)
~~

8CRL303L/P8CRL303L/BP8CRL303L 1.187 7.0
%

P8CRL303LA/BPSCRL303LA 1.209 5.0

8CRL303LB/P8CRL303LB/BP8CRL303LB 1.199 6.0 $
$PSCRL303/BPSCRL303 1.188 7.0

PSCRL303H/BP8CRL303H 1.137 7.0

PSCRL303HA/BP8CRL303HA 1.206 5.0 J,

P8CRL303HB/BPSCRL303HB 1.185 7.0 j

SDRL302H 1.207 10.0 't
i

SDRL3031Li 1.234 8.0 |

SDRL303LB 1.257 5.0 i
,<

SDRL284 1.222 .0 E
>

SDRL303LC 1.236 8.0 :

SDRL303Z l.20S 10.0 i

SDRL303LD 1.235 S.O |

_!SDRL321L 1.234 10.0

PSSRL280/SPSSRL280 1.221 3.0 1 -

<

g [P8SRL280H/BP8SRL280H 1.220 8.3

P8SRL303L/BPSSRL303L 1.243 .0 ;3 2

PSSRL303/SPSSRL303 1.2;l 3.0 J -

3-1s
|
|
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Exposure
Lattice Type Maximum ko (Gb'd / t )

P85RL303H/BP8SRL303H 1.241 8.0 - ~

PSCRL233/BP8CRL233 1.212 5.0

P8CRL183/BP8CRL183 1.169 3.0

P8SRL233/BP8SRL233 1.213 5.0

P8SRL210/SP85RL210 1.197 5.0

P85RL183/BPSSRL183 1.172 3.0 <

P8SRLl60/BP8SRLl60 1.169 0.0 2 E
3 ;T

P8SRLO71/BP8SRLO71 0.922 5.0 -

P8CRL296/BP8CRL296 1.251 7.0

P8CRL261/BP8CRL261 1.211 0.0

P8CRL264/BP8CRL264 1.211 0.0

P8CRLl71/BPSCRLl71 1.139 3.0

P8CRLO96/BP8CRLO96 0.986 3.0
_ >

0 P8CRLO71/BP8CRLO71 0.922 5.0

The peak uncontrolled k, values show that the fuel storage criteria will be
satisfied for the Type A and Type B rack spacing and for the high density fuel

storage rack (Reference 3-11) designed by the General Electric Company.

3.3.2.1.5 Reactivity Coefficients

Reactivity coefficients, the differential changes in reactivity produced by
differential changes in core conditions, are useful in calculating relative

Thestability and evaluating response of the core to external disturbances.
base initial condition of the system and the postulated initiating event deter-
mine which of the several defined coef ficients are significant in evaluating

|

i the response of the reactor.

The coefficients of interest, relative to BWR systems, are discussed herein
individually with references to the types of events in which they significantly
affect the response.

l

!
nv
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