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NOTTCE

This document was prepared by or for the General Electric Company.
Neither the General Electric Company nor any of the contributors to
this cuocumen. makes any warranty or representation /express or implied)
with respect to the accuracy, completeness, or usefulnass of the
information contzined in this document, or that the use of such infor-
mation may not infringe privately owned rights; nor do they assume
respongibility for liability or damage of any kind which may result

from tha use of any of the information contained in this document.
Proprietary information of the General Electric Company has been

removed from the text. Its location in thz text is marked by bars in

the margin. Revisions are indicated by brackets.
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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 analvsis, 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-
vsis results. 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-

specific supplement %o this document.

All approved changes, whether administrative or safetv-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 aumber (-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 marzin when

incorporated intc the normal text.

the fuel designs presentlv covered in this repcrt include the 8x8, 8x3 Retrofit
(8x8R), Prepraessurized S5x8 Retrofit (PSx8R) and Prepressurized 8x8 Retrofit

with barrier (8PSx8R). A detailed description of these fuel designs, as well

as the models and results of the genaric analvses performed to assure the struc-
tural adequacy of the reload fuel, is described in Section 2. Plant-unique
nuclear and hydraulic analvses which are performed for each individual reload

are documented in Sections 3 and 4, respectively.

12/81A
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Table 1-1

LATTICE AND BUNDLE AVERAGE ENRICHMENTS FOR 8x8R, P8x8R AND BP8x8R FUELS

150-in. Active
Fuel Length

Lattice

SDRL254
SDRL282L
BDRL282ZL
8DRL282H
SDNL282L&H

8DRL301
8CNL301
3DRL303
S8LDRL30L
P8DRL254
PSDRL282L
PSDRL282!

P8DRL282

PSDNLZBIL&H

P8DRLO71
PSDRL183]
PSDRL233

PBDRL303H
PSDRL303LA
PSDRL303LB
P8DRL305
PSDRL31S

3CRL283L
3CRL303L3
3CRL303L

?8CRL283L
PSCRL280LA
PBCRL280O
P8CRL280H
PSCRL280L
PSCRL303L
PECRLIO3LA
PSCRL303L3
P8CRL303

PBCRL303H

145.24=in

. Active

Fuel Lenzth

U-235

U-235

Enrichment Enrichment
Bundle (wt?) Bundle (wt%)
8DRB239 2.39 8DRB239 2.39
3DR3265L 2.65 3DRB265L 2.85
- - 8DP8271/8DRB271  2.71 %
3DRBL65H 2.65 8DRB265H 2.63 =
SDNB277 /SDRB277 2.77 — - 1
3DRB282 2.82 8DRB283 2.83
o - 8DP3289/8DRB289 2.89 _=
--- --- SDP8291/8DRB291  2.91 ]S
. —— 3DRB284 2.8 =
2SDRB239 2.39 PSDRB239 2.39
PSDRB265L 2.65 PSDRB265L 2.65
PSDRB2S5H 2.5853 PSDRB2635H 2.55
v — PSDPB271/PSDRB27L 2.71

PSDNB277/PBDRB277 2. 77

PSDRB28B4L

4
v )
ra

-“

-

PSDRBO71
PSDRBL7S
P3PRB221

P8DRB283

P3DPB289/PSDRB239
PSDRB29L

PSDP3291
PEDRB284L
PSDRB284H

P3DRBIS4LLA

SCRB266L
3CRB28B4LB
3CRB235L

PSCRB26AL
PSCRB2AALA
PECRB263
PSCRB263H
PBCRB263L
PSCRBIS5L
PSCRB284LA
PSCRB2S4L
PSCRB284
PSCRB284H

' ]
I
& ~5 |
. W
| W—
12/81A
ud D

[
1 -
L3

2.83

<

2.3 =

x

2.91 ]

> g ™

a0 -4
7 84
2.3
2,85
2.39
2.66
2.84

2.85

= =

+ 00 ‘_\‘

<66 -

63 _ =

.5 =

S~

o™~

—

[ SV SN S O RN I O IV B Y
o Sl 5
o Y SR W O S I e v O
| S | -

(-
4/8%

1/81A

7/81A

bl Bl  bd
1/81A

| M—
71/81A

S
1/B1A

< -
.
= =
e ™
-
- =
o~
%9
~
2
-
- <
—
0
~
- o~
(‘
0
—
~r
<1
—
=
~
N,:
~
s
"N

i/8lA



LATTICE AND BUNDLE AVERAGE ENRICHMENTS FOR 8x8R, P8x8R AND BP8x8R FUELS
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BPSDRL301
BPSDRL303
BPSDRL30O3L
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NEDO-24011-A-6

Table 1-1

(Continued)

145.24~-in. Active
Fuel Length

4/83

150-in., Active

Fuel Length

—
7/81A
12/81A

U-235 U-235
Enrichment Eanrichment
Bundle (wel) Bundle (weX)
— J— PRCRB285HA 2.85
— — PSCRB284HB 2.84 =
S _— PSCRB219 2.19 §
—— S PSCRB176 1.7
— — PSCRBO71 0.711
——- - P3CRB278 2.78
-— -—- PSCRB248 2.48
-— — PSCRBE248 2.48 '
-— -—- P3CRB163 1.53
- —- ?8CRB09%4 0.94
PRDRR266 2.56 —— J— | 7
PSDRB2%3 2.33 N— " ;
-— - PSDRB30LL 3.01 (R
-— - PSDRB284HA 2.84 =
——— -— PE8DRB284LB 2.84 .
-— — PSDRB2S4LC 2.84 = =
P3DRB2 4LD :. T o - 3 |
-— — PSDRB2842Z 2.84 ~ |
— . PISRB284L 2.84
——— — PRSRB284 2.84
-— SR PSSRB284LH 3.84
-— - PASRB2A3 2.63
-—- -—- P33RB263H 2.63 |
-— -— P3SRB219 2.19 .
-— ——— PSSRB200 2.00 |
——- po—— P33R3176 1.76 |
— - PRSRB154 1.54
-—- ——- P3SRBOT1 0.711
3P3DRB229 2.39 BPSDRB239 2.39 |
3PSDRB?65L 2.63 3P3DRB265L 2.63
3PSDRB2s 2.65 BP3DRB265H 2.65
- S— 3P3DRB271 2.71
3PSDRB277 2,711 ——— - B
X
3PSDRB2S2 2.82 3PSDRB2383 2.83 =
P - 3P3DRB289 2.39
= - BP3DR3291 2.91
J— . 3P3DRB2JLL 2.84
— ——— BPSDRB2S4H 2,34

8/824A
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Table 1-1

LATTICE AND BUNDLE AVERAGE ENRICHMENTS FOR 8x8R,

(Continued)

145.24-in. Active

Fuel Length

PSx8R AND BP8x8R FUELS

150-in. Active
Fuel Length

17=235
Enrichment
Bundle (wtX)

U=2325
Enrichment
Bundle (wet?)

e —————————————————————————————
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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 3x8, 8x8R,
P8x8R, or BP8x8R. Fuel assembly parameters for each fuel bundle type are given
in Table 2~1. The 8x8 fuel bundle contains 63 fuel rods and one water rod. The
8x8R, P8x3R and BPSxS8R fuel bundles contain 62 fuel rods and zwo water rods.
The rods of all bundle types are spaced and supported in a square (8x8) array
by 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 &5 another. The identifyving 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

e

fuel assembly orientation. 3oth upper and lower tieplates are fabricated from
Tvpe-304 stainless steel. Zircalov fuel rod spacers equipped with Inconel=X
springs are emploved to maintain rod-to=-rod spacing. Finger springs located
hetween the lower tieplate and the channel are utilized on some fuel assemblies

to control the bvpass flow through that flow path.

Application of the appropriate fuel assembly to the BWR type or project is
accomplished by adherence to a design control program wherein each mechanical
configuration is reviewed for applicabtility to the identified product line

(3WR type) and each nuclear standard is reviewed for applicability to identified

N A

project requirements (see Section 2.7).

Each fuel rod consists of high density ceramic uranium dioxide fuel pellets
stacked within Zircalov cladding which is evacuated, backfilled with helium
and sealed with Zircaloy end plugs welded in each end. ’
|
The

]
IE

]

|
12/81A

/81A
4L/83
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o~
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7/81A

12/81A

12/81A

4/83
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the gadolinia-urania fuel rods are designed to provide margins similar to
standard U0j rods. The calculated LHGR values as a function of exposure are
al

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

of life are primarily due to changes in:

T2 - o

€rror or equipment malfunctions to ensure that the satet Limif 1is not
- = s - - 8 N o ~

exceeded. see sSection 5.2 Of the countrye-specifilc suppiemental report.

Based on these results, it has been determined that the power required to

denss 1 1 cPrdisr & 3 ¥ -l ad44d : = 5/ 1 o ™Y 1 S7 -
produce L, piastic strain .n the Ci3Q4ing 15 equal CO or Zreater than L/2 ot

assembly for the 8x8 fuel design, and greater than 1607 for t
for the P8x8R and BP8x8R designs. These ratios consider the presence of a

:alculated power spiking penalty being added to the MLHGR.

e GESLgﬁ aaximum steady-state power tnrougznout life for all rod tvopes 1ia the

12 8x3R and 1457

7/81A

12/81A

4783
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However,

for conservatism, this allowance for impairment of heat transfer resul:iing

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.

the 8x8, 8x8R, PS8xSR

(3N

n
A
P
o
=
O
r
2
w
¥
n
(o]
-
[ =
bl
r
(9]
La |

un

Fuel cladding temperatures as a
and BPSx8R designs are shown in Figures 2-12 and 2-13 for the beginning-of-life

T3 Y -~ ,".' -~
Figures 2-14, 2-1 conditions.

onditions and in

2]

2.3 Fission GCas Release

L]
-
4
.

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

internal pressure is due to the helium, which is backfilled at one atmosphere

¥ 9]

pressure for the 2x8 and 8x8R designs and three atmospheres pressure for the

P8x8R and BP8x8R desizns

d fabrication, the volatile content of the

3]
o

Q

“

(&9

ing r

tn

o
= 3
19

U0., and the fraction of gaseocus fission products which are released from

u

U0,. Ia defining the hot plenum volume used to compute fuel rod internal ga

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

..

volume is determined based upon the following assumptions

AlB3

| a. Nominal (PS8x3R and BPSx8R) as-built plenum volume; ]

17

b. Maximum e:pected fuel cladding differential expansion.

4183

b
1/81A

12/81A

| S P

B/82A



NEDO-24011-A-6
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7/81A
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7/81A 4/8%
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2.%.2,%4 Fuel and Cladding
The fuel rod is designed to accommcdate predicted fuel and cladding differential
expansion. Assuming no cladding restraint, the total relative axial expansion of

fuel and cladding is calculated as the difference in the cladding axial therzal

.

expansion and the fuel axial thermal evpansion and irradiation swelling.

The axial thermal expansicn of the fuel cladding is calculated based on cladding
average temperature and cladding longitudinal thermal expansion coefficient
jiven in Subsection 2,3.1. Similarly, the axial fuel thermal expansion is a

tion of the average fuel temperature and the fuel thermal expansion coefficient.
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2.5.3 Fuel Assembly Normal and Transient Load Evaluations

The fuel assembly and its component parts are analyzed to ensure mechanical
integrity after exposure to normal and transient operational loadings. The
evaluations performed for the fuel rod, water rod, spacer, and upper and lower
tie plate are given below. Fuel rod evaluations are performed for dimensional
stability, creep collapse, stress, deilection, fatigue, water-log rupture, and

flow-induced vibrations.

The fuel assembly and fuel components are designed to assure dimensional stability
in service. The fuel cladding and channel specifications include provisioms to
preclude dimensional changes due to residual stresses. In addition, the fuel
assembly is designed to accommodate dimensional changes that occur in service due
to thermal 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 expansicn between the tie plates and spacer grids. The differential
thermal expansion introduces a bending stress of less than 400 psi at the end of

the fuel tube. Additional information regarding th

model employed in this cal-

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

(]

+1 Fuel Rod Evaluatiocas

.
wn
.

L)

ra
w

o 3511 ladding Creep Collapse

A cladding creep collapse analysis has been performed employing the finite element
model documented in Reference 2-16. Figure 2Z-156 presents the cladding =midwall
temperature versus time employed in the analysis. The temperature vs time shown

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 time, a gap is assumed to form as a
result of densification, and the cladding temperature therefore decreases., MNo
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 cccur for

eizher the 8x3, 3xSR, P8x38R or BPExSR fuel designs. ]

8

.
i
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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 maximum shear
stress theory of failure is used, with all radial stresses assumed to be zero.
The radial, longitudinal, and circumferential directionms are assuxmed to be the
principal stress directions. Tensile stresses are considered positive, and
compressive 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 8x3R, PSx8R and

2

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

L |
1/81A
4183

inputs are given in Subsection 2.4. Cladding material properties used in the
analyses are given in Subsection 2.3. At begianing of life, the unirradiated
mechanical properties given in Subsection 2.3 are used. At subsequent times
in life, saturated irradiated mechanical properties are assumed unless the
ffects

temperature is high enou that the irradiation

o

gh e n cladding mechani-
cal properties are assumed 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. Lhe three conditions considerad
are: (1) rated power and steady=-state design pressures; (I) rated power and

transient design pressures; and transient power,

(al
(8]
e,

The loads apglied to the fuel rods include pressure differeatials, flow=induced

r
[

vibracion, spacer contact, thermal mismatch (of cladding and relative to lower
end plug), radial and circumferential thermal gradients, end plug misalignment,
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.
Nomenclature for these equations is given in Table 2-9, There are two analvses

performed for each time point and condition analvzed,
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For the 8x8, 8x8R and P8x8R fuel designs, the first analysis uses the cladding
gifferential pressure resulting from maximum coolant pressure and zero psia

internal zas pressure

4781

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 intensitvy 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

=8

ifference between the most positive and least positive principal stresses in
triaxial field. The resulting stress intensity for each stress combination is
iivided by the appropriate normal or abnormal stress intensity limit given in
Table 2-6 to obtain a design ratio. The screngths in the design limits are evalu=-

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

s

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

- ign ratio is

y 1t is the temperature of the applicable cladding surface. Yo des

o
e

allowed to exceed unictcy.

i3 large set of aumbers {s summarized by showing the maximum design ratio at

- Y S 3 o5 : s § e ~ ; " - a1 :
el red location for each fise point analvzed. ciample analytical result

Wi
r
(%]
2

w Al T < - . . Tak ! 1N
8x3R fuel design are given in Table 2=-10.

- 5 1 Aarf P d " saisl# ; T
vfactionai fuel rod 2elfleclions aNnsicered are a resudt of manuiacturing

. iy Tan
aVenl 13 wae

le 2-9, The deflections were combined and compared with the fuel ]:i
-
rod=to=-fuel rod and fuel rod-to=channel spacing deflection limits eiven in

section 2.5, L. this comparison demonstrated chat the fuel rod clearance
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2.5.3.1.4 Fatigue Evaluation

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

, S <o &
nypothesis )»

In the analysis, thermal stresses are assumed to be proportional to power, based
on reference values at 100X power. Because fatigue damage is calculated as a

function, and not a path fuaction, explicit time histories of pressure and

7))
o
W
o
w

o
w

mrerature are not required. The cyclic condition relating to overpower transien
would result from an operator errer or equipment malfunctiom, and would theretore

be expected to be cf short duration (less than 8 hours).

The cv.iic loads considered in cladding fatigue analvsis are coolant pressure

ind thermal gradients. The analysis is based on the cvcles and maximum and
2

minimum coolant pressures snown in Table 2-1]3 and the stresses determined in ]

8/82A

Subsection 2.5.3.1.2. Beginning-of-life thermal gradients are used because

.
3>

-
B/82A

/614

1/81A

1/614A

47873
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Table 2-1 (Continued)

PARAMETERS VARYING WITH FUEL ASSEMBLY DESIGN AND REACTOR
TYPE, 8x8R, PSx8R, AND BPS8x8R BUNDLE DESIGNS

REACTOR TYPE BWR/2,3 BWR/4,5,6
Active Fuel Length (in.) 145.24 150

Heat Transfer Area (ft:F 94.9 98.0
Spacer Pitcn (in.) 19.55 20,135
Finger Springs * ves
Lower Tieplate Bvpass * ves

Flow Holes

Jominal Fuel Weights: Weight of UQC», Kz Yeizht of U,

JFUEL BUNDLE 145,24 AFL 130 AFL 145,24 AFL

SDRB239/F8DRB239 *200.6 207.2 Lic/9
8DRB265L/PSDRB265L 200.5 207.1 176,3
8DRB265H/PSDRRI6SH 200.3 206.9 176.56
8DRBI82/PSDRB282 200.2 —— 176.5
SDR3283/P8DRB283 -— 206.7 ——

3DRB2S4L/PSDRB2S4AL —— 206.7 -

SDRB289/PSDRB289, -— 206.7 =

SDPB239/P8DPB289

3URB271/P8DRB271, -——— 206.9 -—

S8DPB271/P8DPB271

PSDRB291/PSDRB291, —— 206.7 -——

SDRBJ91/PSDRB291

3DRB277/PSDRB277, 200,2 — 176.4
8DNB277/P8DNB277

?3DRB284H - 206.5 -

PSDRB2B4LSB 200,4 -— 176.7
PSDRBIS4LA —— 207.0 ———

PSDRB2BS —— 206.6 -—

PEDRE299 - 206.5 ——

PSCRB263 —— 207.1 -—-

3CRE266L/PRCRBAGL - 207.1 —

PSCRBZABLA —— 207.0 ——

PSCRBI6IL - 207.1 -——

PSCRB263Y -—— 206.9 -—

PBCRB284 R 206.9 .

PSCRB2S4LA -— 207.1 -—-

3CRB284LB/PBCRB234LB — 207.0 -—

*On selected fuel assemblies f{ r bvpass flow control.

( -
~ ] =
- ~
~ o
L -]
«
—
x©
BWR/4 15
- —
150
£ <
38,0 -
]ﬂ
-—
~
20.18
ves
ves
150 AFL = -
1331 ]:n
= e
182.6
182.5
182. !
-—— - <
182.2 -
2.2 1 | ®
- -
|1“\ - J
<
% ~i
132.3 *
~
=
-
182.0 ot
—— - -
=
182.4 Jsl
182.1 1
182.0 L -
182.5 =
N - -
182.5 ]’A
182.4 <
182.5 <
'R S~
182.3 ~
182.3
182.58 ;
182.3 |
—
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Table 2-1 (Continued)

PARAMETERS VARYING WITH FUEL ASSEMBLY DESIGN AND REACTOR
TYPE, 8x8R, P8x8R, AND BPSx8R BUNDLE DESIGNS

(-
—
4/83

7/81a B/82A  B/B2A

FUEL BUNDLE 145.24 AFL 150 AFL 145.24 AFL 150 AFL ]
PSCRB284H — 206.7 - 182.2
PSCRB2S4HB — 206.6 - 182.1
SCRB285L/PSCRB235L ——— 207.1 o= 182.5
PSCRB2SSHA J— 206,9 — 182.4
PSDRB3OLL - 206.6 - 182.1 -
PEDRB2SIH 199.9 it 176.2 !
PRDRB284LH A . 206.3 o 181.9 | =
PSDRB284LS - 206.8 - 182.3 | =
PSDRB284LLC R 206.6 - 182.1 | 8
PRDRB2BLLD 200.3 e 176.6 . r
PRDRA2AH 200.4 - 176.7 - i
PSDRB2B4Z 200.3 - 176:6 - )
PRSRB2S3 . 207.0 - 182.4 9
PSSRB263K - 206.9 —— 182.3 .
PRSRBISLL - 206.9 —oe 182.3
PSSR3284 oo 206.7 e 122.2 =
PRSRBIBLH ——— 206.5 —— 182.1 =
PSDRB221 --- 207.0 - 182.5 4=
P8DRBLTS S 207.3 . 182,7
PSDRBOT1 — 207 .6 — 183.0 <
PBCKB2L -—- 207.0 --- 182.5 B ar
=1
PACRALTH - 207,3 i 132.3 L
]p.
PSCRBNT1 - 207.6 — 183.0 S
PSSRB219 - 207.0 - 182.9 '
PYSRB200 - 207.2 -——— 132.6
PSSRBL76 - 207.3 ——— 182.8
PSSRBL34 - 207,5 - 182.9
P3SRBO71 B /.8 ane 133.0
PSCRB278 —e- 207.2 - 182.7 v
PECRB248 ——- 05,9 - 182.4 o
PRCRBLA - 07,2 - 182.7 -
PRCRBOYS — 207.4 - 183.0
—
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Table 2-3

LINEAR HEAT GENERATION RATE
OF CALCULATED 1% PLASTIC DIAMETRAL STRAIN
FOR 8x8 AND 3x8R FUEL

Exposure LHGR at Calculated 1% Plastic
(MWd/t) Strain (kW/fr)*
!‘:O: Gdex
) 326.7 321.9
20,000 »23.0 220.4
40,000 219.6 $17:3

-~
-

able 2-3a

LINEAR HEAT GENERATION RATE OF CALCULATED 1 LASTIC
DIAMETRAL STRAIN FOR P8x8R AND BPSx8R FUEL
Exposure LHGR at Calculated 17 Plastic
MWwd/me ) Strain (kw/ft)*

7/B1A

7/81A

1/8B1A

4783

1/814

8/82A

i il

#The values reportad have been reduced by an amount equal to the calculated

power spiking penalty (7).
**Results for gadolinia are applicable for maximum concentration used

1

relcad fuel desizn.
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. will be satisfied if the uncontrolled fuel bundle k calculated in the normal
reactor core configuration meets the following condition for Ceneral Electric
designed fuel storage racks: T

!
a, k” < 1.31 for regular spent fuel storage racks with an interrack spacing:
> 11.875 inches. -
-
b. k_ <1.30 for regular spent fuel storage racks with an interrack |
spacing >11.71 inches. |
k° €1.35 for high density fuel storage racks.
-

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

listed with their acceptable peak uncontrolled fuel bundle kn

— Maximum <
Plant o

Nine Mile Point 1 1.25

. Quad Cities 2 1,256

The peak uncontrolled lattice k.'s calculated in a normal reactor core config-
uration for various mid-axial lattice types are shown below (maximum k_ indicates
the peak reactivity point in the expcsure and temperature range in the uncon-

trolled state above 63°C, which assures added conservatism):

7/81A

12/81A

71781

1814

el

Exposure
Lactice Type Maximum ko (Gwd/t) ]
30250 1.236 5.0
8D262 1.241 5.0
8D274L 1.238 5.0
SD274H 1.216 7.0
3Dz19L 1.159 0.0
8D219H 1.119 8.0
3DRL303/PSDRL303/3PSDRL30I 1.213 10.0 — n
3DRL301/PSDRL30L /8PSDRL3IO! 1.228 7.0 B
SDRL282L/PSDRL2S2L/3PSDRL28IL 1.239 5.0 =
JDRL282H/PSDRLISIH/BPSDRLIS2H 1.218 7.0 N
SDNL282L/PSDNL2S2L/BPSDNL2SIL 1.226 8.0
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Lattice Type

8DNL282H/PSDNL282H/BP8DRL282H
8DRL254/P8DRL254 /BP8DRL254
PBDRLO71/BPSDRLO71
P8DRL183/BPSDRL183
P8DRL233/BPSDRL23)
PRDRL303H/BP8DRL303H
PSDRL303LA/8P8DRL303LA
P8DRL303LE/BPS8DRL303LB
P8DRL305/BPSDRL305
P8DRL319/BPSDRL319
PSCRLZB0OL/BPSCRL280L
PBCRL2BOLA/BPSCRL2B0OLA
PSCRL280/BPSCRL280
PBCRL280H/BPSCRL280H
8CRL285L/PSCRL283L/BPSCRL2Z83L
8CRL303L/PSCRL303L/BPSCRL303L
PSCRL303LA/BPSCRL303LA

8CRL303LB/P8CRL303LB/BPSCRL303L3

PSCRL303/BPSCRL303
PSCRL303H/BPSCRL303H
PSCRL303HA/BPSCRL303HA
PS8CRL303HB/BPSCRL303HB
8DRL302YH

8DRL303HA

8DRL303LB

SDRL284

SDRL30O3LC

SDRL3032

SDRL303LD

8DRL3I2!IL
P8SRL280/BPSSRL280
PSSRAL2SOH/BPSSRL2SOH
P8SRL303L/BP8SRL303L
P8SRL303/8PSSRL303
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Exposure
Lattice Type Maximum Ko _(GWd/e)

PSSRL3I03H/BPESRLI0O3H 1.241 8.0
PSCRL233/BPSCRL233 1.212 5.0
PSCRL183/BPSCRL1S3 1.169 3.0 i

|

1
PASRL233/BPBSRL233 1.213 5.0 ;
PESRL210/BP8SRL210 1.197 5.0
PBSRL.183/BPSSRL1S3 1.172 3.0
PSSRL160/BPSSRL160 1.169 0.0 | 3
P8SRLO71/BP8SRLO71 0.922 5.0 L
PSCRL296/BPSCRL296 1,251 7.0 }
PBCRL261 /BPBCRL261 1:211 ).0 |
PRCRL264 /BPSCRL264 1.211 .0 |
PSCRL171/BPSCRL171 1.139 3.0 ;
PBCRLO96/BPSCRLOY6 0.986 3.0 J
PSCRLO71/BPSCRLO7I 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 J-1l1) desizned by the GCeneral 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
stability and evaluating response of the core to external disturbances. The
base initial condition of the system and the postulated initiating eveat deter-
aine which of the several defined coefficients are significant in evaluating

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.
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