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1. Average Planar Linear Heat Generation Rate (APLHGR) (3.2.1)

1.1 Tech Spec Reference: " A : . ot
Tech Spec 3.2.1

1.2 Description:

121 GE Fuel

The MAPLHGR Limit is determined using the applicable Lattice-Type
MAPLHGR limits from Tables 1.2-1 and 1.2-2. For Single Reactor
Recirculation Loop Operation, the MAPLHGR limits in Tables 1.2-1 and
1.2-2 are multlphed by the MAPFAC multlpllers provnded in Flgures 1 2 1
and 1 2-2.

1 2.2 SPC Fuel

LR

The MAPLHGR Limit is the Lattlce-Type MAPLHGR Limit. The Lattice-Typse - -
. MAPLHGR limits are determlned from the table glven below: L

Fuel Type - i Cycle First Insertedﬂ - - e
SPCA9-381B-13GZ7-80M -+ 8 : - -
. SPCA9-384B-11GZ6-80M ' = -
-SPC-A9-391B-14G8.0-1 00M ' 9
SPC-A9-410B-19G8.0-100M - 9’
) . SPC-A9-383B-16G8.0-100M -, 9 ...
... - SPC-A9-396B-12GZ-100M s 9
e (References2and3) ' _ - X
Planar Average Exposure . o MAPLHGR (left) L R
N  (GWA/MTU) - (all Siemens fuel ) d
7 - T e . typeS)
0.0 3 ' 135
200 . 15 o
61.1 " 9.39
(References 3 and 6)

For single loop operation, the MAPLHGR limits from the table above are
multiplied by the MAPLHGR multiplier. The MAPLHGR multiplier for SPC fuel is
0.90. (References 3, 5 and 6) :

LaSalle Unit 2 Cycle 9A ' 1-1 " November 2002
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Table 1.2-1
Maximum Average Planar Linear Heat Generation Rate (MAPLHGR)

VS.

Average Planar Exposure for Fuel Type
GE9B-P8CWB322-11GZ-100M-150-CECO

(Reference 9 and 19)

Exposure | Exposure Lattice-Type MAPLHGR (kW/ft)
(MWD/ST) | (MWD/MT)

P8CWLO71 | PBCWL345 | PBCWL362 |' PBCWL362 | PBCWL345 | PSCWLO71

__NOG 5G5.0/4G4.0 9G4.0 ' | 2G5.0/9G4.0 9G4.0 11GE
0 0 12.74 12.09 11.65 -11.25 12.11 12.74
200 220.5 12.67 12.13 11.70 11.32 12.15 12.67
1000 1102.3 12.48 12.22 11.83 11.46 12.25 12.48
2000 2204.6 12.42 12.35 12.00 11.61 12.39 1242
3000 3306.9 12.41 12.48 12.14 11.77 12.54 12.41
4000 4409.2 12.44 12.62 12.28 11.94 12.70 12.44
5000 5511.6 12.46 ~12.77 12.43 12.11 12.86 12.46
6000 6613.9 12.49 12.90 12.58 12.29 13.02 12.49
7000 7716.2 12.51 13.03 12.73 12.46 13.19 12.51
8000 8818.5 12.54 13.16 12.88 12.64 13.33 12.54
9000 9920.8 12.55 13.30 13.01 12.82 1343 12.55
10000 11023.1 12.57 13.42 13.12 12.98 13.44 12.57
12500 13778.9 12.41 13.41 13.08 13.04 13.40 12.41
15000 16534.7 12.04 13.05 12.78 12.77 13.06 12.04
20000 22046.2 11.27 12.38 12.16+ 12.16 12.40 11.27
25000 27557.8 10.49 11.74 11.51 11.51 11.76 10.49
27215.6 30000 12.314 1. 12314 12.314 - 12.314 12.314 12.314
48080.8 53000 10.800 10.800 10.800 - 10.800 10.800 10.800
58967.1 65000 6.000 6.000 6.000 6.000 6.000 6.000

Lattice No. 733 1817 1818 1819 1820 1821
LaSalle Unit 2 Cycle 9A 1-2 November 2002
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GE9B-P8CWB320-9GZ3-100M-150-CECO

(Reference 9 and 19)

s

1

Exposure | Exposure Lattnce-Tyge MAELHGR {KWift)
(MWDI/ST) { (MWD/MT) | . -
. | PBCWLO71 P80WL346 , P8CWL358 PBCWL358 PBCWL346 | PBCWLO71
. NOG 4G5.0/3G4.0 -7G4.0 | 2G5.07G4.0 7G4.0 9GE2 _
0 0 12.74 + 12.05 - 11.62 11.10 12.09 12.74
200 220.5 12.67 - 12.09 - - 11.64 11.15 12.14 12.67
1000 1102.3 ~ 1248 -12.19 - 11.73 “11.27. 12.256 12.48 -
2000 2204.6 1242 £ 12,32 - 11.86 11.44 12.39 12.42
3000 3306.9 ~-12.41 — ~12.44—- -|- 11.99 11.62 . 12.53 1241
4000 4409.2 12.44 12.57 - . 12.13 11.80 - 12.67 1244 -
5000 . [ 5511.6 12.46 12.70 12.27 11.96 12.81 12.46-
6000 -1 6613.9 1249 12.83 -- 12.42 - 12.09 . 12.89 12.49..
7000 7716.2 12.51 12.97 12.54 12.23 12,98 12.51.
8000 8818.5 12.54 13.07 - 12.62 12.37 - 13.07 12.54
9000 9920.8 12.55 13.15 12.70 12.51 13.16 . 12.55
10000 11023.1 12.57 - 13.20 1277 - 12.66 13.22 12.57
12500 13778.9 12.41 13.19 12.70 12.67 - 13.20 12.41
15000 16534.7 12.04 12.89 -12.40 12.40 12.90 12.04-
20000 22046.2 11.27 12.29 11.82 11.82 12.30 11.27
25000 27557.8 10.49 11.69 - -11.25 11.25 11.70 1049
27215.6 30000 12.314 12.314 12.314 12.314 12.314 12.314 -
48080.8 53000 -10.800 10.800 — - 10.800 - 10.800 10.800 10.800
58967.1 | 65000 6.000 6.000 . 6.000 6.000 6.000 6.000
Lattice No. 733 1812 1813 1814 1815 1816 -
LaSalle Unit 2 Cycle 9A 1-3 November 2002
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Figure 1.2-1 Power-Dependent SLO MAPLHGR Multipliers for GE Fuel (MAPFAC p)
(References 8 and 19)

1 —~
- —'_———
0.95 ; B
, |
6 0.9 11 ‘ —_———‘
< 0.85 1 B | ™
o 0.8 | g™ .
< . = ; :
= 075- =TT ' 5 -
= O pEE= ug For25>P: T ;
= 0.7 | No Thermal Limits Monitoring Required; If Official . I
= 065 _,.—..—"'_ - Monitoring Is Desired, the Equations for = 25% Power ||}
S LT . i -1- May Be Extrapolated for 25 > P, provided the Official
o 0.6 monitoring is only performed with the TCV/TSV closure
2 055 ~ scrams and RPT enabled.
-
g 05T » For 25 <P < 100
= 045 T
o MAPFACp = 1.0+0.005224 (P-100
A 04 , p=1 ( )
T 0351 For 100 < P, MAPFACp = 1.00
-g 0.3 - [ W W S g S
2 P = % Rated Core Thermal Power
o 0.25 .
Q :
; 0'2 -
3 015"
o
0.1 - = - O U . o [ S . o
0'05 = - RO Wy - " —d. 1~ | -
0

25 30 35 40 45 50 56 - 60 65 70 75 80 85 90 95 100

Core Thermal Power (% Rated)
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Figure 1.2-2 Flow-Dependent SLO MAPLHGR Multiplier (MAPFAC ¢) for GE Fuel

(References 8, 18, and 19) |

1 J 1
=<l ‘
4”’
™ 0.9 1 ”” i
2 ’af’ For 105% Maximum Attainable Core Flow
& v MAPFACS = The Minimum of EITHER 1.0
< OR {0.6807 x (WT/100) + 0.4672}
2 o8} | LT - |
[ ’ﬂ
2 -
2 P -1 - - : - - WT = % Rated Core Flow
v g 10T
o 07 ’;f"' - -
3 oot
o - . .
<
=
O 06 - - - - -
|
n |
'E - —{- -
Q
©
05| |1+ - A
Q.
Q
o ]
s h
2
M. 0_4.‘ . By N N 5 wde "
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Core Flow (% Rated)
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2. Minimum Critical Power Ratio (3.2.2)

2.1 Tech Spec Reference:

Tech Spec 3.2.2.

22 Description: " : . . A
Prior to initial scram time testing for an operating cycle, the MCPR operating limit is based on
the Technical Specification Scram Times. For Technical Specification requirements refer to
Technical Specification tab_le 3.1.4-1. . -

MCPR limits from BOC to Coastdown are applicable up to a core average exposure of
30,266.2 MWd/MTU (which is the licensing basis exposure used by SPC). (Reference 3)

MCPR limits for Coastdown are applicable from a core average exposure of
30,266.2 MWd/MTU to a core average exposure of 31,242.7 MWd/MTU (Reference 57).

22.1 Manual Flow Control MCPR Limits
The Governing MCPR Operating Limit while in Manual Flow Control is either
determined from 2.2.1.1 or 2.2.1.2, whichever is greater at any given power, flow
condition.
2.2.1.1 Power-Dependent MCPR (MCPRp)*
2.2.1.1.1 GE Fuel
Table 2-1 gives the MCPRp limit as a function of core thermal
power for’ Technical Specifications Scram Speed (TSSS) and
Nominal Scram Speed (NSS).
2.2.1.1.2 Siemens Fue!
Table 2-2 gives the MCPRp limit as a function of core thermal
power for. Technical Specifications Scram Speed (TSSS) and
Nominal Scram Speed (NSS).
2.2.1.2 Flow-Dependent MCPR (MCPRE)
Table 2-3 gives the MCPRE limit as a function of flow.
222 Automatic Flow Control MCPR Limits

Automatic Flow Control is not supported for L2CSA.

* For thermal limit monitoring at greater than 100%P, the 100% power MCPRp limits should be applied.

LaSalle Unit 2 Cycle 9A 2-1 November 2002
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2.2.3 Nominal Scram Speeds

To utilize the MCPR limits for Nominal Scram Speeds (NSS), the core average
scram speed insertion times must be equal to or less than the following values
(References 4, 59).

Notch Position | Time (sec.)
45 0.380
39 0.680
25 1.680
05 2.680

LaSalle Unit 2 Cycle 9A 2-2 November 2002
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Table 2-1-
MCPRgfor GE Fuel

(References 2, 3, 51,56, 57, and 59)

_Percent Core Thermal Power'

EOOS Combination 0 25 25 60 80 80 100
No EOOS thh TSSS (BOC‘ to 2.70 220 - 1201 - 1.53 1.51
Coastdown®) . - | = e e -

Single RR Loop only wnh TSSS (BOC“to | 2.71 221 202 .. 154 | 1.52
Coastdowns) - ’ .

EOOS® with TSSS (BOC* to Coastdown®) | 2.85 1 2.35 2.24 1.96 1.86 1.63
EOOS lSmgIe RR Loop with TSSS (BOC® | 2.86 236 - | 225 .97 1.87 1.64
to Coastdown®) -

TBVOOS® or FHOOS® with TSSS (BOC‘ 2.85 235 . 1224 1.63 1.52
to Coastdown®) - ) -
TBVOOS"ISmgIe RR Loop or 2.86 2.36 225 ] 164 153
FHOOS/Single RR Loop with TSSS ; )T
(BOC? to Coastdown®) X ;

No EOOS wnh NSS (BOC* to 270 220 1.99 1.51 ' 1.49
Coastdown®) i - : * -
Single RR Loop only with NSS (8OC*to .| 2.7 o 221 . 200 . 162 1.50
Coastdown’) © i ; . R
No EOOS with TSSS (Coastdown’) -| 2.70 2.20 2.01 1.53 ‘ 1.52
Single RR Loop only with TSSS 2.7 2.21 2.02 1.54 ! 1.53
(Coastdown ) - - - -

Feedwater Heaters OOS with TSSS 274 224 - 2.24 157 . 1.52
(Coastdown ) - - C
Feedwater Heaters OOSISmgIe RRLoop | 2.75 225 .| 225._ 158 _ 1.53
with TSSS (Coastdown ) - N LT O
Feedwater Heaters OOS/Turbine Byg)ass -l 274 . 224 | 224 164 1.53
Valves 00S with TSSS {Coastdown®) o Lo L
Feedwater Heaters OOS/Turbine Bypass - | 2.75 2.25 2.25 1.65 1.54 -
Valves OOSISingle RR Loop with TSSS ‘ : B
(Coastdown ) -
TCV Slow Closure/EOC RPT OOS/ 274 .| 224 - 2.24 196 | 1.86 1.73
Feedwater Heaters OOS with TSSS , . - ~
(Coastdown®) : .

TCV Slow Closure/EOC RPT O0S/ 2.75 225 2.25 ' 197 | 1.87 ;| 1.74
Feedwater Heaters OOSISIngle RR Loop i - .
with TSSS (Coastdown ) 3

" Values are Interpolated between relevant power levels.” For operaiion at exactly 25% or 80% CTP, the more limiting value Is used.

3489 MWt is rated power.

2 BOC is defined as the beginning of Cycle 9A.

1

3 Coastdown Is defined as occurring at a core average exposure of 30,266.2 MWJ/MTU. The coastdown thermal limits are to be
applied for core average exposures between 30,266.2 MWd/MTU and 31,2427 MWdlMTU Limits are not provided in the COLR for
cycle exposures beyond 31,242.7 MWd/MTU.

4 allowable EOOS conditions are listed in Section 5. For TBVOOS or FHOOS conditions prior to coastdown, see the specific thermal
limit set in Table 2-1.

5 For TBVOOS or FHOOS conditions {with and without single RR loop), this less limiting set of MCPR limits may be used. Use the
bounding "EOOS" set for all other ECOS conditions allowed per Section 5.
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___ Table 2-2 3
MCPRp for Siemens Fuel

(References 2, 3, 21, 51, 53, 54, 55, 56, 57, 59, and 60)

For all Siemens fuel EXCEPT Fuel Types 26, 27, 28, 38, 41 and 42 (as listed in Reference 63)

Percent Core Thermal Power'

EOOS Combination 0 25 25 60 80 .| 80 100
No EQOOS wnth TSSS (BOC‘ to 270 2.20 1.93 1.48 1.41
Coastdown®) : - -
Single RR Loop only with TSSS {BOC“to | 2.71 2.21 1.94 149 - 1.42-
Coastdown®) ¢ :

EOOS” with TSSS (BOC* to Coastdown®) | 2.85 2.35 2.17 1.70 1.62 1.53
EQOS"Single RR Loop with TSSS (BOC”_ | 2.86 2.36 218 1.71 1.63 1.54
to Coastdown®)
TBVOOS?® or FHOOS® with TSSS (BOC* | 2.85 2.35 217 1.54 1.43
to Coastdown®)
TBVOOS°/S|ngle RR Loop or 2.86 2.36 2.18 155 ; 1.44
FHOOS%/Single RR Loop with TSSS

BOC? to Coastdown®) be - -
No EOOS Wlth NSS (BOC* to 270 2.20 1.91 1.44 1.39
Coastdown’) c -
Single RR Loop only with NSS (BOC'to | 271 2.21 1.92 145 - 1.40-
Coastdown®) + "1 -

No EOOS with TSSS (Coastdown”) 2.70 2.20 :]1.93 1.48 ~ 1.44
Single RR Loop only with TSSS 271 221 1.94 1.49 : 1.45

(Coastdown®) . . B -

Feedwater Heaters O0Swth TSSS 2.70 2.20 217 1.54 144

Coastdown’) - . T

Feedwater Heaters OOSlSingIe RR Loop 271 2.21 2.18 1.55 1.45
with TSSS (Coastdown) s

Feedwater Heaters OQS/Turbine Bypass 2.70 2.20 2.17 1.60 1.46
Valves O0S with TSSS (Coastdown®)

Feedwater Heaters OOS/Turbine Bypass 271 221 218 1.61- 1.47 /
Valves OOSISIngIe RR Loop with TSSS

Coastdown®) ;
TCV Slow Closure/EQC RPT 00S/ 2.70 2.20 217 1.70 1.62 1.60
Feedwater Heaters 0O0S with TSSS

Coastdown®)
TCV Slow Closure/EOC RPT O0S/ 2.1 2.21 2.18 1.71 1.63 1.61
Feedwater Heaters OOSISlngIe RR Loop
with TSSS (Coastdown®)

Table continues on next page.
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. Table 2:2
(Continued)
MCPRg for Siemens Fuel

For ONLY Siemens Fuel Type 38 (as hsted in Reference 63)

"Percent Core Thermal Power

EOOS Combination 0 25 -- |25 |60 77|80 80 -~} 100

No EOOS wnh TSSS (BOC‘ to 270 220 . 193 . :{148__ . 141
Coastdown®)  ° - -~ < - C -

Single RR LOOp only with TSSS (BOC‘ to 271 1221 . {194 149 142
Coastdown®) - - L
EOOS® with TSSS (BOC‘ to Coastdown) 2.85 2.35 217 1.70 1.62 1.53

EOQOS /Single RR Loop with TSSS (BOC* | 2.86 236 .. .} 218 _ 171 __{ 163 1.54

to Coastdown’) . - . C s .
TBVOOS® or FHOOS" with TSSS (BOC* 2.85 2.35 {247 154 143
to Coastdown®) - - - . -
TBVOOS®/Single RR Loop or 2.86 2.36 2.18 1.55 ! 144
FHOOS%Single RR Loop with TSSS - DU IR - :
(BOC? to Coastdown®) - : R -

No EOOS wrth NSS (BOC* to J270 .. {220 1.9 144 . 139 -
Coastdown®) ° ~ . : N

Single RR Loop only with NSS (BOC*to 271 . 2.21 ‘| 1.92 145 @ 140 -
Coastdown®) . B : . - -

No EOQOS with TSSS (Coastdown ) 2.70 2.20 - * ] 1.93. 1.48 - 1.44

Single RR Loop only with TSSS 271 . 221 ] 1.94 149 _-_. 1.45 -
(Coastdown )y oo ! - LoL

Feedwater Heaters 0O0S with TSSS 2.70. 220 . | 247 154 144
(Coastdown®) ; ’ N T L T - -
Feedwater Heaters OOSISIngIe RRLoop .| 271. . .{.221 _ 2.18 1.55 . 145 . |
with TSSS (Coastdown®) > & i

Feedwater Heaters QOS/Turbine Bygass 270 . 220 ... ‘| 247 160 . . . 1.46
Valves OOS with TSSS (Coastdown™) :
Feedwater Heaters OOS/Turbine Bypass 2.7 2.21 '] 218 1.61 1.47
Valves OOS/Single RR Loop with TSSS . o= ] - ) R B L
(Coastdown®) ' - 2 - 2 : .
TCV Slow ClosurefEOC RPT OOSI 2,70 220 ] 217 1.70 1.62 1.60
Feedwater Heaters OOS with TSSS e A e o - L o
{Coastdown®) ~ : - ' L
TCV Slow Closure/EOC RPT OOS/ 2.7 2.21 .} 2.18 1.7 1.63 1.61
Feedwater Heaters OOS/Single RR Loop i U R . R
with TSSS (Coastdown®) ”
Table continues on next page.
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“Table 2-2
(Continued)
MCPRg for Siemens Fuel

f-'or ONLY Siemens Fuel Types 26 and 27 (as listed in Reference 63)

Percent Core Thermal Power'

EOOS Combination . 0 25 25 60: 80 80 100
No EOOS wuth TSSS (BOC to | 270 2.20 1.93 1.48 - 1.41
Coastdown®) . C -
Single RR Loop only with TSSS (BOC‘ to 2.71 2.21 1.94 1.49 1.42
Coastdown®) T - -
EQOS® with TSSS (BOC* to Coastdown®) | 2.85 2.35 217 1.70 1.62 1.53
EOOS7SmgIe RR Loop with TSSS (BOC* | 2.86 2.36 2.18 1.71 1.63 1.54
to Coastdown’) CC
TBVOOS® or FHOOS® with TSSS (BOC* 2.85 2.35 217 1.54 1.43
to Coastdown”) - ~
TBVOO?ISmgle RR Loop or 2.86 2.36 2.18 1.5 1.44
FHOOS °/Single RR Loop with TSSS . '
(BOC to Coastdown® )
No EOOS with NSS (BOC“ to 2.70 2.20 1.91 1.44 1.39
Coastdown®) ° K o -
Single RR Loop only with NSS (BOC* to 271 2.21 1.92 1.45 1.40
Coastdown®) - - -
No EOOS with TSSS (Coastdown”) 2.70 220 1.93 1.48 1.44
Single RR Loop only with TSSS 1277 221 1.94 1.49 145
(Coastdown®) i
Feedwater Heaters OO0S with TSSS 2.70 2.20 217 1.54 144
{Coastdown®) ) c- -
Feedwater Heaters OOSlSmgle RR Loop 271 i | 221 2.18 1.55 145
with TSSS (Coastdown®) - o, -
Feedwater Heaters OOS/Turbine Bypass [ 2.70 220 217 1.60 1.46 -
Valves OOS with TSSS (Coastdown®) -
Feedwalter Heaters OOS/Turbine Bypass | 2.71 221 2.18 1.61 147
Valves OOSISlngIe RR Loop with TSSS . I
(Coastdown ) i :
TCV Slow Closure/EOC RPT O0S/ 270 220 2.17 ] 1.70 1.62 1.60
Feedwater Heaters OOS with TSSS -
(Coastdown’)
TCV Slow Closure/EOC RPT OOSI 271 221 2.18 1.71 1.63 1.61
Feedwater Heaters OOSISIngIe RR Loop )
with TSSS (Coastdown )
Table continues on next page.
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Table 2-2
(Continued)
MCPRp for Siemens Fuel
For ONLY Siemens Fuel Type 28 (as listed in Reference 63) - T
Percent Core Thermal Power'
EO00S Combination 0 25 - 125 ~.-—|60 - “‘l 80 ---|80---100 - -~
No EOOS with TSSS (BOC‘ to 272 222 - {195 <} 150" - 143
Coastdown”) ‘ ) s
Single RR Loop only with TSSS (BOC‘ to | 273 223 .| 196 1181 - - - 2 1.44
Coastdown’ ) T .
EQOS” with TSSS (BOC- to Coastdown") 2.87 237 2.19 - 1.72 - 164 -1-155 - - -
EOOS" ISlngle RR Loop with TSSS (BOC‘ 2.88 2.38 2.20 - psaidies 173 1.65 1.56- -
to Coastdown’) - - -
TBVOOS® or FHOOS" with TSSS (BOC* 287 - 237 . .;}219..- - |156 - 145 - i
to Coastdown®) - : "
TB8VOOS*/Single RR Loop or 2.88 2.38 - 220 - - 1.57 146 - | -
FHOOS/Single RR Loop with TSSS - ’ : -
(BOC? to Coastdown®) . :
No EOOS with NSS (BOC‘ to 272 222 , 1.93 . 1.46 2 1.41
Coastdown® ) : : ; - -
Single RR Loop only with NSS (BOC* to 273 223 -0 [ 194 o] 147 o 142 -- -
Coastdown®) ) oo - -
No EOOS with TSSS (Coastdown™) 272 - |222- - 1195 - 150 - [ : 146 - -
Single RR Loop only with TSSS 273 , |223° |19 = ~|151- 3 ; 147 - | -
(Coastdown ) . ) .
Feedwater Heaters OOS with TSSS - 272 222 .-1219 - |15 . =k 1.46
(Coastdown®) ] - ; :
Feedwater Heaters OOSISlngIe RRLoop | 273 {223 & 2.20 1.57 - N 147
with TSSS (Coastdown®) ‘ T S oo -
Feedwater Heaters QOS/Turbine Bygass 272 |2227 T| 219/ 1.62—- B S 148 - | - -
Valves OOS with TSSS (Coastdown”) ' ] : -
Feedwater Heaters OOS/Turbine Bypass | 273 . | 223 . | 2.20 163 , - 22 3 149 - -
Valves O0OS/Single RR Loop with TSSS v . F - :
(Coastdown®) ‘ . ;
TCV Slow Closure/EOC RPT O0S/ ! 272 222 .- 219. - 1.72 1.64 _ 162 -
Feedwater Heaters OOS with TSSS . o - . -
(Coastdown®) - ‘ : - i
TCV Slow Closure/EOC RPT O0S/ 2.73 223|220 - e 173 - | 165, -] 163 - R
Feedwater Heaters OOS/Single RR Loop A - . ot R !
with TSSS (Coastdown ) .
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Table 2-2
(Continued)
MCPRp for Siemens Fuel

For ONLY Siemens Fuel Types 41 and 42 (as listed in Reference 63)

Percent Core Thermal Power’

EOOQOS Combination 0., - |25 _ |25 60 71| 80 80 100
No EOOS wnh TSSS (BOC‘ to - | 274 2.24 +1.97 1.52 - ; : 1.45
Coastdown®) - - - - - g ;

Single RR Loop only with TSSS (BOC“to | 2.75 2.25 1.98 1.53-: ! i 1.46
Coastdown®) -~ -~ S .

EOOS® with TSSS (BOC* to 5% to Coastdown™) | 2.89 2.39 2.21 ‘ 1.74 1.66 1.57
EOOS", lSlngIe RR Loop with TSSS (BOC* | 2.90 2.40 2.22 ¥ 175 1.67 1.58
to Coastdown®)

TBVOOS® or FHOOS® with TSSS (BOC® | 2.89 2.38 2.21 1.58 1.47 .
to Coastdown®) - ;
TBVOOS°/SingIe RR Loop or 290 2.40 2.22 1.59 : 1.48
FHOOQS%Single RR Loop with TSSS

(BOC? to Coastdown®) - g

No EQOS with NSS (BOCTto 274 224 1.95 1.48 ; 2 1.43
Coastdown”) ' -~ - i :

Single RR Loop only with NSS (BOC* to 2.75 2.25 1.96 1149 - 1% 1.44
Coastdown®) - - . :

No EOOS with TSSS (Coastdown”) 274 2.24 +11.97 1.52 - 5 ; 1.48
Single RR Loop only with TSSS 275 2.25 +} 1.98 1.53 3 ; 1.49
{Coastdown®)~ - ' : i -
Feedwater Heaters 0O0S with TSSS 2.74 2.24 2.21 1.58 . ; 1.48
(Coastdown®) - - 2

Feedwater Heaters OOSISIngle RR Loop 275 2.25 2.22 159 £ ¢y 1.49
with TSSS (Coastdown®) ‘ s

Feedwater Heaters OOS/Turbine Bypass | 2.74 2.24 2.21 1.64 & ¢ 1.50
Valves OOS with TSSS (Coastdown®) - : 4

Feedwater Heaters OOS/Turbine Bypass | 2.75 225 222 1.65 > 1.51
Valves OOS/Smgle RR Loop with TSSS e

{Coastdown®) . ' : -
TCV Slow Closure/EQC RPT O0S/ 274 2.24 2.21 1.74 1.66 1.64

Feedwater Heaters OOS with TSSS "
(Coastdown®) -

TCV Siow Closure/EOC RPT 00S/ 275 225 222 3 1.75 1.67 1.65
Feedwater Heaters OOSISlngle RR Loop ' i
with TSSS (Coastdown )

TValues are interpolated between relevant power levels. For operation at exactly 25% or 80% CTP, the more limiting value is used.
3489 MWt is rated power.

BOC is defined as the beginning of Cycle 9A.

3 Coastdown is defined as occurring at a core average exposure of 30,266.2 MWd/MTU. The coastdown thermal limits aretobe .
applied for core average exposures between 30,266.2 MWA/MTU and 31,242,7 MWA/MTU. Limits are not provided in the COLR for
core average exposures beyond 31,242.7 MWd/MTU.

4 Allowable EOOS conditions are listed in Section 5. For TBYOOS or FHOOS conditions prior to coastdown, see the specific thermal
limit set in Table 2-2.

5 For TBVOOS or FHOOS conditions (with and without single RR loop), this less limiting set of MCPR limits may be used. Use the
bounding "EQOS" set for all other EOOS conditions allowed per Section 5.
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“Table 2-3
MCPRE for GE and Siemens Fuel
{Reference 3)
" MCPR; limits for 105% Maximum Attainable Core Flow

Flow (% rated) MCPRg ATRIUM-9B MCPRr GES

0 1.60 1.66

30 1.60 1.66

105 1.11 1.11

The MCPRg limits are applicable from BOC through coastdown and in all EOOS scenarios._
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3. ' Linear Heat Generation Rate (3.2.3) - *_ ;" - - .- =
3.1 Tech Spec Reference:

“Tech Spec 3.2.3. N o
32  Description: S
324 GEFuel -~ -~ - . . . L .
The LHGR Limit is the product of the LHGR Limit in the following tables and the
minimum of either the power dependent LHGR Factor®, LHGRFACp, or the flow
dependent LHGR Factor, LHGRFACg. The LHGR Factors (LHGRFACe and

LHGRFAC;) for the GE fuel are determined from Figures 3.2-1 through 3.2-3. The
following GE LHGR limits apply for the entire cycle exposure range: (References 2,8,10,

- - S19and60) o o )
B M Ggga-Pécwsaiz-ﬁez-i00M11 50-CECO (bundle 3861 in Reference 2)
Nodal Exposure (GWd/MT)--~{ LHGR Limit (KWift) - -
- 0 - oo ~ 1305 -
13.06 13.75
27.80 11.75
50.31 10.31
60.89 6.00

2. GEQB-PSCWBS20-9§Z-1OOM-1 50-CECO (bundle 3860 in Reference 2)

Nodal Exposure (GWd/MT) LHGR Limit (KW/ft)
0.00 ' 14.25
12.14 14.25
26.19 12.18
48.16 10.80
59.93 6.00

3.2.2 Siemens Fuel

The LHGR Limit is the product of the Steady-State LHGR Limit (given below) and the
minimum of either the power dependent LHGR Factor*, LHGRFACp, or the flow
dependent LHGR Factor, LHGRFAC:. LHGRFAC is determined from Table 3-1.
LHGRFAC; is determined from Table 3-2. SPC LHGRFAC multipliers from BOC to
Coastdown are applicable up to a core average exposure of 30,266.2 MWd/MTU
(which is the licensing basis exposure used by SPC) (References 3 and 59). SPC
LHGRFAC multipliers for Coastdown are applicable for core average exposures
between 30,266.2 MWd/MTU and 31,242.7 MWd/MTU (Reference 57).

For All Siemens Fuel EXCEPT Fuel Types 28, 41, and 42
(References 3, 56, 60, and 63)

Planar Average Exposure (GWd/MTU) LHGR limit (KW/ft)
0.0 14.4
15.0 14.4
61.1 - 8.32

* For thermal limit monitoring at greater than 100%P, the 100% power LHGRFACp limits should be applied.

~or
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For ONLY Siemens Fuel Type 28

(References 56, 63)

Planar Average Exposure (GWd/MTU) LHGR limit (kW/ft)
0.0 14.2
15.0 14.2
61.1 8.12

For ONLY Siemens Fuel Types 41 and 42
(Reference 60, 63)

Planar Average Exposure (GWd/MTU) LHGR limit (kW/ft)
- 0.0 14.0
-15.0 14.0
61.1 7.92
3-2

November 2002



Technical Requirements Manual - Appendix J
L2C9A Core Operating Limits Report

Figure 3.2-1 Power-Dependent LHGR Multipliers for GE Fuel ( Formerly MAPFACs)

(References 8 and 19)
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Figure 3.2-2 Power-Dependent LHGR Multiplier for GE Fuel
(TCV(s) Slow Closure) (formerly MAPFACp)

(References 11 and 19)
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Flgure 3. 2-3 Flow-Dependent LHGR Multiplier for GE Fuel (formerly MAPFAC f)
(References 8,13,18,and 19) .. ... . .
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Table 3-1
LHGRFAC; for Siemens Fuel

{References 3, 51, 54, 57, and 59)

Percent Core Thermal Power'

EOQOS Combination : 0 25 40 60 80. 80 100
No EOOS with TSSS (BOG“to 0.77 0.77 RSN 100 E 5 1.00
Coastdown®) I : :

Single RR Loop only with TSSS (BOC“to | 0.77 0.77 jiEE 1.00 Thasar iy 1.00
Coastdown®) - >

EQOS" with TSSS (BOC* to Coastdown®) | 0.67 0.67 ; % 0.85 0.89 0.89
EQOS"/Single RR Loop with TSSS (BOC* | 0.67 0.67 . ‘ y 0.85 0.89 0.89
to Coastdown®) 3 i .

TBVOOS® or FHOOS® with TSSS (BOC* 0.68 0.68 0.96 b 0.99
to Coastdown®) : G ;
TBVOOS®/Single RR Loop or 0.68 0.68 R 0.96 ; 0.99

FHOOS®Single RR Loop with TSSS :
(BOC? to Coastdown®) GIE St

No EOOS with NSS (BOC* to 0.78 - 0.78 1.00 1.00
Coastdown®) e : :

Single RR Loop only w1th NSS (BOC  to 0.78 0.78 1.00 . ; 2 1.00
Coastdown®) .- ~it

No EQOS with TSSS (Coastdown®) 0.77 0.77 % 1.00 e 1.00
Single RR Loop only W|th TSSS - 0.77 0.77 £ 1.00 - 4 s 1.00
(Coastdown®) ) ; ] i
Feedwater Heaters OOS with TSSS 0.68 0.68 0.96 P 1.00
(Coastdown®) > :
Feedwater Heaters OOSISmgIe RR Loop 0.68 0.68 2 0.96 : ; 1.00
with TSSS (Coastdown ) ; SR

Feedwater Heaters OOS/Turbine By ass | 0.68 0.68 2N 0.96 ! ; 0.97
Valves O0S with TSSS (Coastdown®) ;

Feedwater Heaters OOS/Turbine Bypass | 0.68 0.68 - sepaad 0.96 FEn 0.97
Valves OOSISlngle RR Loop with TSSS : : :

(Coastdown ) : =

TCV Slow Closure/EOC RPT. Q0S/ . 0.67 0.67 0.79 2 0.79 0.79 0.79
Feedwater Heaters OOS with TSSS

(Coastdown®)

TCV Slow Closure/EOC RPT QOS/ 0.67 0.67 0.79 0.79 0.79 0.79
Feedwater Heaters OOSISlngle RR Loop

with TSSS (Coastdown )

"Values are interpolated between relevant power levels. For operation at exactly 80% CTP, the more limiting value Is used. 3489 MWt
is rated power. .
2 2 BOC Is defined as the beginning of Cycle 9A.

3 Coastdown is defined as occumng at a core average exposure of 30,266.2 MWd/MTU. The coastdown thermal limits are to be
applied for core average exposures between 30,266.2 MWdA/MTU and 31,242.7 MWd/MTU. Limits are not provided in the COLR for
cycle exposures beyond 31,242.7 MWd/MTU.

4 Allowable EOOS conditions are listed in Section 5. For TBVOOS or FHOOS conditions prior lo coastdown, see the specific thermal
limit set In Table 3-1.

% For TBVOOS or FHOOS condmons (with and without single RR loop), this less limiting set of LHGRFAC: limits may be used. Use the
bounding "EQOS" set for all other EOOS conditions allowed per Section 5.

LaSalle Unit 2 Cycle 9A 3-6 November 2002
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' Table 3-2
LHGRFACEfor Siemens Fuel

R (Reference 3)

Values Applicable for up to 105% Maximum Attainable Core Flow

. Flow (% rated) LHGRFAC; ATRIUM-9B
0 0.69
30 : 0.69
76 1.00
105 1.00

These LHGRFAC; multipliers apply from BOC through coastdown and in all EOOS scenarios.

LaSalle Unit 2 Cycle SA 3-7
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4, Control Rod Withdrawal Block Instrumentation (3.3.2.1)

4.1 Tech Spec Reference:

Tech Spec Table 3.3.2.1-1.

4.2 Description:

The Rod Block Monitor Upscale Instrumentation Setpoints are determined from the

relationships shown below:

ROD BLOCK MONITOR

UPSCALE TRIP FUNCTION TRIP SETPOINT
Two Recirculation Loop 0.66 W + 51%**
Operation*®

Single Recirculation Loop 0.66 W + 45.7%**
Operation*

ALLOWABLE VALUE

0.66 W + 54%**

0.66 W + 48.7%""

*  This setpoint may be lower/higher and will still comply with the RWE Analysis, because RWE is

analyzed unblocked.

*  Clamped, with an allowable value not to exceed the allowable value for recirculation loop flow (W) of

100%.

LaSalle Unit 2 Cycle 9A 4-1
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5. '  Allowed Modes of Operation (B 3.2.2, B 3.2.3)
The Allowed Modes of Operation with combinations of Equipment Out-of-Service are as described below:
OPERATING REGION

Equipment Out of Service Options’ Standard MELLLA iCF’ Coastdown®
None : Yes Yes Yes Yes
Feedwater Heaters? (Reference 8) Yes No® Yes Yes
Single RR Loop'® (Referance 8) Yes No® N/A Yes
Turbine Bypass Valves (Reference 8) Yes Yes Yes Yes'
EOC Recirculation Pump Trip (Reference 8) Yes Yes Yes Yes
TCV Slow Closure/EOC Regcirculation Pump Trip (Reference11) Yes Yes Yes Yes
TCV Slow Closure/EOC Recirculation Pump Trip / Yes No® Yes Yes
Feedwater Heaters ? (References 11, 16, and 17)
Turbine Bypass Valves / Feedwater Heaters 25 (Reference 8) No'? No' No'? Yes
EOC Recirculation Pump Trip / Yes* No® Yes* Yes
Feedwater Heaters {Reference 8)
TCV Stuck Closed®  (Reference 12) ) Yes Yes Yes No

4. Each EOOS condition may be combined with one SRV 00S, up to two TIP Machines OOS or the
equivalent number of TIP channels (100% available at startup from a refuel outage), a 20°F reduction in
feedwater temperature (without Feedwater Heaters considered 00S), and/or up to 50% of the LPRMs
out of service.

2. Up to 100°F Reduction in Feedwater Temperature Allowed with Feedwater Heaters Out-of-Service.

Feedwater Heaters OOS may be an actual OOS condition, or an intentionally entered mode of operation

to extend the cycle energy.

If operating with Feedwater Heaters Out-of-Service, operation in MELLLA is supported by current

transient analyses, but administratively prohibited due to core stability concerns.

EOC Recirculation Pump Trip OOS/Feedwater Heaters 0O0S is allowed using the TCV Slow

Closure/EOC Recirculation Pump Trip OOS/Feedwater Heaters OOS operating limits.

Only when operating in coastdown, otherwise this combination is not allowed.

Operation prior to coastdown is only allowed when less than 10.5 million Ibm/hr steam flow and when

average position of 3 open TCVs is less than 50% open, with FCL <103%, and the MCFL setpoint 2

120%. TCV Stuck Closed may be in combination with any EOOS except TBVOOS or TCV Slow Closure.

If in combination with other EOOS(s), thermal limits may require adjustment for the other EOOS(s) as

designated in Sections 1, 2, and 3.

7. ICF is analyzed for up to 105% core flow.

8. The SLO boundary was not moved up with the incorporation of MELLLA. The flow boundary for SLO at
uprated conditions remains the ELLLA boundary for pre-uprate conditions. (Reference 20)

9. Coastdown is defined to begin at a core average exposure of 30,266.2 MWd/MTU (which is the licensing
basis exposure used by SPC). ICF is allowed during coastdown. (Reference 3 and 56)

10. Single loop operation is allowed with any of the EOOS options listed in this table.

11. Turbine Bypass Valves OOS is allowed during coastdown operation using the Feedwater Heaters

0OS/Turbine Bypass OOS operating limits.

12. Operation in these regions is permitted during coastdown only.

on » ®
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6. « Traversing In-Core Probe System (3.2.1,3.2.2, 3.2.3)
6.1 Tech Spec Reference:

Tech Spec Sections 3.2.1, 3.2.2, 3.2.3 for thermal limits require the TIP system for recalibration of the LPRM
detectors and monitoring thermal limits.

6.2 Description;

When the traversing in-core probe (TIP) system (for the required measurement locations) is used for
recalibration of the LPRM detectors and monitoring thermal limits, the TIP system shall be operable with the
following:

1. movable detectors, drives and readout equipment to map the core in the required measurement
locations, and

2. indexing equipment to allow all required detectors to be calibrated in a common location.

Following the first TIP set (required prior to BOC + 500 MWD/MT), the following applies for use of the SUBTIP
methodology:

With one or more TIP measurement locations inoperable, the TIP data for an inoperable measurement location
may be replaced by data obtained from a 3-dimensional BWR core monitoring software system adjusted using
the previously calculated uncertainties, provided the following conditions are met:

1. Al TIP traces have previously been obtained at least once in the current operating cycle when the
reactor core was operating above 20% power, (References 14, 15 and 23) and

2. The total number of simulated channels (measurement locations) does not exceed 42% (18
channels). : .

Otherwise, with the TIP system inoperable, suspend use of the system for the above applicable monitoring or

calibration functions. ’

6.3 Bases:

The operability of the TIP system with the above specified minimum complement of equipment ensures that the
measurements obtained from use of this equipment accurately represent the spatial neutron flux distribution of
the reactor core. The normalization of the required detectors is performed internal to the core monitoring
software system. .

Substitute TIP data, if needed, is 3-dimensional BWR core monitoring software calculated data which is
adjusted based on axial and radial factors calculated from previous TIP sets. Since uncertainty could be
introduced by the simulation and adjustment process, a maximum of 18 channels may be simulated to ensure
that the uncertainties assumed in the substitution process methodology remain valid. )
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“Licensing Basis

RSNt M SN

This document, in conjunction with the reféréﬁéeé 1,2 and 4 in Section VIII broﬁdé the licensing basis
for LaSalle Unit 2 Reload 8, Cycle 9. e

Table of Contents . . - = .-
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H
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Maximum Exposure Limit Compliance
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Spent Fuel Pool and Fresh Fuel Vault Criticality Compliancé )
VIL1 Fresh Fuel Vault Criticality Compliance e
VIL.2 L1 Spent Fuel Pool Criticality Compliance

’ VIL3 L2 Spent Fuel Pool Criticality Compliance

VIII. References
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1.1

-~
~

_preparer:

I. ' Nuclear Design Analysis

Fuel Bundle Nuclear Design Analysis —~

Assembly Average Enrichment (ATRIUM-9B), w/o U-235
SPCA9-391B-14G8.0-100M
SPCA9-410B-19G8.0-100M
SPCA9-383B-16G8.0-100M

‘ SPCA9-396B-12GZ-100M

Axial Enrichment and Burnable Poison Distribution
SPCA9-391B-14G8.0-100M
SPCA9-410B-19G8.0-100M
SPCA9-383B-16G8.0-100M
SPCA9-396B-12GZ-100M

Radial Enrichment and Burnable Poison Distribution
SPCA9-4.53L~-11G8.0-100M
SPCA9-4.56L.-12G8.0-100M
SPCA9-4.21L-13G8.0-100M
SPCA9-4.27L-12G8.0-100M
SPCA9-3.96L-8G5.0-100M
SPCA9-4.58L-8G6.0-100M

SPCA9-4.58L-8G6.0/4G3.0-100M

’Tn)’)-l, 8’31"00

3.91
4.10
383

3.96

Figure 1
Figure 1
Figure2 .

Figure 2

Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8

Figure 9
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‘12 Core Nuclear Desigg Analysis
£ 12.1 Core Conf‘ @rahon and Llcensing Eggosure L:mlts o
R Cyclc " Number
N B_l_m_dlt‘._MQ Loaded in Core
GE9B-P8CWB322—1lGZ—lOOM-lSO—CECO 7 84
 GE9B-P8CWB320-9GZ-100M-150-CECO ‘7 76 -
SPCA9-381B-13GZ7-80M 8 - 128
SPCA9-384B-11GZ6-80M 8 --128
SPCA9-391B-14G8.0-100M 9 ‘40
SPCA9-410B-19G8.0-100M -9 120
SPCA9-383B-16G8.0-100M A 9 132°
S?CA9—396B—12GZ-100M 9 ] 56
Liqensing Exposure Limits
Core Cycle
Average Incremental .* |-
Value of Interest Exposure . | Exposure ...
(MWD/MT) OW“HNNHD
Nominal EOC 8 Exposure “|a7se2 7 [13750.

» Short EOC 8 Exposure | 27392 ] 13250
MmlmumEOCSEncrgy for wh1chC9 e
Neutronic Licensing Analyses are | 27392 13250 --

Valid

BOC 9 Exposure :

(assuming nominal EOC 8 energy) * 11799 0

BOC 9 Exposure .

(assuming short EOC 8 energy) | 11470 0

Nominal EOC 9 Exposure

(assuming nominal EOC 8 energy) | 22 17800
Core UO, Weights

Cycle of Interest *1 UO, Total Weight (MT)
.Cycle 8 135.11

Cycle 9 133.50

preparer: myH,

47-—/—50
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122 Core Reactivity Chafacterisﬁ&

3 All values reported below are with zero xenon and are for 68°F moderator

——temperature—The MICROBURN-B cold BOC best estimate K-effective bias
is 1.004 at BOC. The shutdown margin calculations are based on the short

EOCS energy given in Section 1.2.1.

BOC Cold K-Effective, All Rods Out 1.11257
BOC Cold K-Effective All Rods In 0.95674
BOC Cold K-Effective, :

Strongest Rod Out 0.99360
BOC Shutdown Margin, % AK 1.040
Minimum Shutdown Margin, % AK 1.020
Reactivity Defect (R-value), % AK 0.020
Cycle Incremental Exposure Corresponding to

Minimum Shutdown Margin R-Value (MWD/MTU) 250 .
Standby Liquid Control System Shutdown 7s

Margin, Cold Condition, (% AK)

LaSalle station has upgraded its Standby Liquid Control System so that the B-10 enrichment has
been increased from 18.9% to 45%. The above SBLC analysis assumes 660 ppm with the boron

enriched to 45% B-10.

preparer: 7777H, 7-15-00© reviewer DLy {.(.07
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II. ' Control Rod Withdrawal Error

..... -
_- - . - .

S
Noae y ﬂ e s i e

The control rod wuhdrawal error event 1s analyzed at 100% of rated power. 100% of rated ﬂow
and unblocked condmons only ) S ) i

0] 2 = -
- v

. i- A z
W Kl - - ERS * -

! Distance e
Withdrawn (ft) ACPR
" 12(Unblocked) v i 030 - T e

The design complies with the SPC 1% plastic strain and centerline melt criteria via conformance
to the PAPT (Protection Agamst Power Transient) LHGR limits. The design complies with the
GE centerline melt criteria via conformance to the GE thermal overpower protection (TOP)
criteria. The design complies with the GE 1% plastic strain criteria via conformance to the GE -

mechanical overpower, protection (MOP) criteria..

ST

IOI.  Fuel Loading Error

P w )
s

The Fuel Loading Error, including fuel rmslocanon and mxsonentatlon, is class1fied as an
accident. By demonstrating that the Fuel Loading Error meets the more stringent Anticipated . -
R Operational Occurrence (AOQ) requirements, the offsite dose requirement is assured to be met.
o Because the events listed below result in a ACPR value that is less than that of the limiting
transient, the AOO reqmrements and hence oﬁ'—sxte dose requnrements are met for the Fuel

e

Loadngrror - L 2 T S
ITI.1 Fuel Mislocation Error ‘

The fo]lowjng value bounds both the SPC and the co-resident GE fuel types.
I :( LT ;f,;g“—‘h T ACPR: PR P

Event < - '- : - ACPR -
Mlslocated Bundle - 023

II1.2 Fuel Misrotation Error

- -
S
5 ¥ .

The following value bounds both the SPC and the co-resideni GE fl-lel‘ts'pes.

::'Event e * 7 ACPR .
Misoriented Bundle 0.15

reviewer

pﬁ Q[ot;
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IV.' Control Rod Drop Accident

LaSalle is-a:banked position-withdrawal sequence-plant=In order-to allow the site the option of
inserting control rods using the simplified control rod sequence shown in Table 1, a control rod
drop accident analysis was performed for the simplified sequence. The results from this simplified
sequence analysis bound those where BPWS guidelines are followed. The results demonstrate that
the simplified shutdown sequence meets the Technical Specification limit of 280 cal/g for a control
rod drop accident. Therefore, the simplified sequence is valid for for control rod insertion for

shutdown.

* An adder of 0.32 %AK is incorporated in this analysis (for other than 00 to 48 control rod drops) to

account for possible rod mispositioning errors as well as clumping effects.

Maximum Dropped Control Rod Worth, %AK 1.375
Doppler Coefficient, Ak/k/°F -9.50E-06
Effective Delayed Neutron Fraction used 0.0053
Four-Bundle Local Peaking Factor 1.281
Maximum Deposited Fuel Rod Enthalpy, (cal/g) ;I 222

266

Number of Rods Greater than 170 cal/g

Note that the limit on maximum deposited fuel rod enthalpy is 280 cal/g and the limit on the
number of rods greater than 170 cal/g (failed rods) is 770 for the GE 8x8 fuel and 850 for the SPC

ATRIUM-9B fuel (in LaSalle UFSAR).

Loss of Feedwater Heating

The loss of feedwater heating event is analyzed at 100% of rated power for 81%, 100% and 105%
of rated flow and an assumed inlet temperature decrease of 145°F. The event was analyzed from
BOC to EOC. The ACPR value reported below is bounding for both the SPC and the co-resident

GE fuel types and all the analyzed flows.

Event ACPR
Loss of Feedwater Heating 0.23

The design complies with the SPC 1% plastic strain and centerline melt criteria via conformance to
the PAPT (Protection Against Power Transient) LHGR limits. The design complies with the GE

reviewer

preparer: »/H, [0-4-0D
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1% plastic strain criteria via conformance to the mechanical ;)v;:fpc:n;e_r protectit;n (MOP) limit.
. The design does not meet the GE thermal overpower protection (TOP) criteria duringalossof
feedwater heating event; hence, the LHGR values in the COLR for the aff;_c_tgdﬂlgtgicc are adjusted

accordingly (Referenices 9, 13 arid 14) as follows: = =

GESB-PSCWB322-11GZ-100M-150-CECO Bundle (Fuel Type1) - " . ~

W ~ LHGR Limits for L2C9
"Nodal Exposure Nodal Exposure| LHGR Limit SO
(GWD/ST) - -'| (GWD/MT) | - i
0 0 - 1375

11.8459 13.06 13.75
25.2182 - --27.80 11.75 o

© - 45.6410 5031 - - 10.31

-~ 55.2370 - - 6089 - 0] - 6.00

GE9B-PSCWB320-9GZ-100M-150-CECO Bundle (Fuel Type 2)
LHGR Limits forL2C9 - - - -~

‘Nodal Exposure | Nodal Exposure| LHGR Limit ) .
“ . (GWD/ST) - |~ (GWD/MT) _ R R
0 0. 14.25 T
11.0152 12.14 14.25 ‘
23.7593 26.19 12.18
43.6866 48.16 1080 | . Ce
543615 59.93 600 |

o s N . P B
! e s
2 [ I . P T e

VI. Maximum Exposure Limit Comp‘ liance - - I CoL .
Note that the following exposures are based on a nominal Cycle 8 EOC exposure of 13756 ST
MWD/MT and a' nominal Cycle 9 exposure of 17800 MWD/MT. If Cycle 9 reaches it’slong -
window (approximately 500 MWD/MTU beyond th§ ngr'ninal Cycle 9 energy), the exposure limits

o 3 s ik P e T

preparer: MYH, 7-[-o0

will still be met., = s T et e
, .---]. -~ GESB ~T'GE9B - | ATRIUM-9B- .| -ATRIUM-9B
Exposure~ - |, -Projected - | - ~-Limit - [--~~Projected -: [ ™ Limit* : ).
“Peak Batch | 39989 | - 42000 36794 - |- - -NA.-
Peak Assembly | 45399 | - ~NA - |- - - 39460 48000
PeakRod | -~ NA- - |-~ -NA- - |- - 43243 - .= 55000
Peak Pellet 62595 65000~ |- '~ 54918 - 66000

*The ATRIUM-9B exposure limits identified are not applicable until document EMF-85-74 is

added to the Technical Specifications (Tech Specs). Until this document is added to the Tech
Specs, the ATRIUM-9B exposure limits are 48.0 GWD/MT for Peak Fuel Assembly (no

change), 50.0 GWD/MT for Peak Fuel Rod and 60.0 GWD/MT for Peak Fuel Pellet.

reviewer P ﬁ(rJ q «6' (ﬂ
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VII: Spent Fuel Pool and Fresh Fuel Vault Criticality Compliance
( . For the L2C9 reload, there are four new SPC ATRIUM-9B assembly types consisting of seven

unique enriched lattices, as identified in I.1 Fuel Bundle Nuclear Design Analysis.

VIL.1 Fresh Fuel Vault Criticality Compliance

The fuel storage vault criticality analysis that is detailed in Reference 5 remains valid for the above
lattices. All the new (ATRIUM-9B) assemblies comply with the fresh fuel vault criticality limits,
i.e., all lattices have an enrichment of less than 5.00 wt % U-235 and a gadolinia content that is

greater than 6 rods at 3.0 wt% Gd;0;.

Note that the new fuel vaultis a moderatxon-controlled area which implies that hydrogenous
materials will be limited within the new fuel storage array. Administrative controls as generally
defined in GE SIL No. 152 (dated March 31,1976) must be incorporated for the area.

VIL.2 L1 Spent Fuel Pool Criticality Compliance

The LaSalle Unit 1 spent fuel pool criticality analysis that is detailed in Reference 6 remains valid

for the above lattices. All the new (ATRIUM-9B) assemblies comply with the spent fuel pool
criticality limits, i.e., all lattices have an enrichment of less than 4.60 wt % U-235 and a gadolinia

content that is greater than 8 rods at 3.0 wi% Gng;

{ . C. .
' VI1.3 L2 Spent Fuel Pool Criticality Compliance

The LaSalle Unit 2 spent fuel pool criticality analysis that is detailed in Reference 7 remains valid
for the above lattices. As shown below, all the new (ATRIUM-9B) assemblies comply with the

LaSalle Unit 2 spent fuel pool criticality limit of

k-eff < 0.95.
!
Lattice Type | Maximum |Maximum m-Rack Spent Fuel Pool
e k-inf* k-eff** k-eff Limit
SPCA9-4.21L-13G8.0-100M 1.169 <0.85 0.95
SPCA9-4.271.-12G8.0-100M - 1.180 < 0.85 0.95
SPCA9-4.53L-11G8.0-100M 1.192 <0.85 0.95
SPCA9-4.56L-12G8.0-100M . - 1.187. <0.85 0.95
SPCA9-3.96L-8G5.0-100M - - 1.231 <0.86 - 0.95
SPCA9-4.58L-8G6.0/4G3.0-100M" 1.233. <086 - - 0.95
SPCA9-4.58L-8G6.0-100M - - 1.236 < 0.86 0.95

* From 68 °F, uncontrolled CASMO-3G results.
** From Figure 6.1 of Reference 7.

preparer: MM H, g-s-o0 reviewer Oa-t,.l "‘i«lS- o°
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. NUCLEAR FUEL MANAGEMENT NFM ID# NFMO000115
TRANSMITTAL OF DESIGN INFORMATION Seq. No. o
- Page 12 of 21

———

- e

Shutdown From an Al Sequence

=~ -12C9 Simplified Shiitdowh-Sequences—--~+ —

Table 1

" Insertion S
Rod Group* (Bank) Comments**

7 or 8 48-00 Either Group 7 or 8 may be inserted first.

10 48-00 Groups 7 and 8 must be fully inserted prior to inserting any
Group 10 rod.

9 48-00 Group 10 must be fully mscrted prior to inserting any Group 9
rod.

Sor6 48-00 Groups 5 and 6 may be inserted wnhout banking anytlme after
Groups 7 and 8 have been mscrtcd and before Group 4 is
inserted.

4 48-00 Groups 5 through 10 must be fully inserted prior to inserting
any Group 4 rod.

3 - 48-00 - Group 4 must be fully inserted prior to inserting any Group 3
rod.

2 48-00 Group 3 must be fully inserted prior to inserting any Group 2

1 48-00 Group 2 must be fully inserted prior to inserting any Group 1
rod.

Shutdown from an A2 Sequence

Insertion
Rod Group* (Bank)- Comments** .
9or 10 48-00 Either Group 9 or 10 may be inserted first.
8 48-00 Groups 9 and 10 must be fully inserted’ prior to inserting any
Group 8 rod.
7 48-00 Group 8 must be fully inserted prior to inserting any Group 7
S5o0r6 48-00 Groups 5 and 6 may be inserted without banking anytime after
Groups 9 and 10 have been inserted and before Group 4 is
inserted. !
4 48-00 Groups 5 through 10 must be fully mserted prior to inserting
. any Group 4 rod.
3 48-00 Group 4 must be fully inserted prior to inserting any Group 3
rod.
2 48-00 Group 3 must be fully inserted prior to inserting any Group 2
rod. ’
1 48-00 Group 2 must be fully inserted prior to inserting any Group 1

*Group definitions are from LAP-100-13 Revision 21.

** The standard BPWS rules concerning out-of-service rods apply to the shutdown sequences.

preparer: w7 H. P~/ -0
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NUCLEAR FUEL MANAGEMENT
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NFM ID#

" | seq. No.

Page 13

... NFMDO00115
‘0
of21 — -

FT16

Natural U

11G8.0 -

gl

4.é7 w/o. f .
12G8.0

4.21 w/o
13G8.0

NaturalU .|

| 453w |

H

1'1:ll

+— See Figure 3 —»
36"

[ T .
P

M U

*'_ See Figure 6
60"

FT17

- 40-Bundlgs-— - - ~— - ~==-r ~———---420 Bundles - '

“Natural U

5
£

453w |

G8.0 | 84"

R T

See Figure 4 —»
36" -
<«—— See Figure 5

4;:&4;56 w/é_ T
12G8.0

|48

‘Natu

ralU .| 6% .-

391wo

SPCA9-391B-14G8.0-100M =

4.10

wio

SPCA9-410B-19G8.0-100M

Figure 1. L2C9 Bundle Design (Fuel Types 16 and 17) .
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NUCLEAR FUEL MANAGEMENT - NFM ID# NFMOO000115

TRANSMITTAL OF DESIGN INFORMATION Seq. No. 0
Page 14 of 21
(% FT 18 FT19
132Bundles .. __ .. ... 56 Bundles
Natural U 11" Natural U 11"
4.27 wlo ¢ See Figure 6 3.96 w/o
12G8.0 72" 8G5.0 42"

See Figure 7>

See Figure 88— | 4.58 w/o

8G6.0 24"
for
See Figure 9—
4.21 w/o 60" 4.58 w/o
13G8.0 <+—— See Figure 5 12GZ 66"
Natural U 6" Natural U 6"
3.83 w/o , 3.96 w/o
SPCA9-383B-16G8.0-100M SPCA9-396B-12GZ-100M

Figure 2. L2C9 Bundle Design (Fuel Types 18 and 19)
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NUCLEAR FUEL MANAGEMENT

_ TRANSMITTAL OF DESIGN INFORMATION

NFM ID#
Seq. No.

NFMO0000115
0.

Page 15021

[=]
.

o
o

11 4.40

o

#
1 4 -+ 3.00 0 0
2 8 . = 360 - 0 : .
- 3 8 17440 0 .
4 37 2114957 60 - .- -
5§ . 4- -1 470 - ] -
6:7. 7 0 7 U L -
7 0 0
8
9

P
LRt

0 0.00

. - . P

¥

22
& i

2t

Figure 3. SPCA9-4.53L-11G8.0-100M Lattice Enrichment Distribution
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NUCLEAR FUEL MANAGEMENT NFM ID# NFMO000115
TRANSMITTAL OF DESIGN INFORMATION Seq. No. 0
N : Page 16 of 21
Sl SRSE —
1 2 3 4 4 . 4 ‘3 2 1
3.00 4.00 470 |, 485 4.95 495 | 470 4,00 3.00
B = = =
% i 2 2 T35 G1 4,' -"‘ .,. 3 4 i;..:;G & 2 . 2 .
g 400 4:00 24150 495 [EZ4q0 4.95 420 4.00 4.00
o 3 Gi G 3
4.70 420 24120 470
. SR
2 4 4 4 4
] . a5 4.95 4.95 4.95
4 G232 . G2 4
4.95 2:70 70 4.95
;N
‘a 4 4 4 4 .
a|  4.95 4.95 4.95 4.95
3 4 4 4 4 261 3
4.70 4.95. 4.95 4.95 4.95 2£4:20 4.70
o . { _‘0 2530
T %
2 4 262 4 G 2 2
4.00 4.95 %4’:’7'0 4.95 %:20 .4.00 4.00
e 2
1 2 3 4 4 4 3 2 1
3.00 4.00 470 . 4.5 4.95° 4.95 4.70 4.00 3.00
1 Rods (4) 3.00 w/o U-235
2 Rods (12) 4.00 w/o U-235
3 Rods (8) 4.70 w/o U-235 "
4 Rods (36) 4.95 w/o U-235 '
G1 Rods (8) - 4,20 w/o U-235+8.0 w/o Gd203
G2  Rods(4) 4.70 w/o U-235+8.0 w/o Gd203 .

Figure 4. SPCA9-4.56L-12G8.0-100M Lattice Enrichment Distribution
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TYPE # GD |
1 4 2.60" 0 ’
2- 8 320 0 .
3 14 4,00 0 ; 3
4 31 © 470, (] -
s 2 4.40 0 )
6 0 ‘ 0 ’
7 o - .0 . :
8 13 " 440 @ 7 8.00 : s
9 0 000 " - O

Figure 5. SPCA9-4.21L-13G8.0-100M Lattice Enrichment‘Distribqgi('m
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<8100 S . 548100
4 4 4 4 4 4 3
470 ) i 470 4.70 4.70 470 4.70° 4.00
790 - - -
4 ‘4 4
4.70 4.70 4.70
@ ; 4
54740 0 ‘4.70
$=8:00 8100
4 4 4
4.70 4.70 4.70
3 4 4 3
4.00 4,70 4.70 4.00
2 4 4 =13 4 4 = 2
. 3.20 4.70 4.70 4740 4.70 470, (&40 3.20
- ZEBI00ER =810
1 2 3 4 4 4 3 2 1
2.60 320 4,00 4.70 4,70 4.70 4.00 3.20 2.60
TYPE # ENR GD
1 4 2.60 0 :
2 8 3.20 0 .
3 8 4.00 0 .
4 36 4.70 0
5 4 4,40 0
6 0 0
7 0 ]
8 12 4.40 8.00
9 o 0.00 0

Figure 6. SPCA9-4.27L-12G8.0-100M Lattice Enrichment Distribution
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Page 19 of 21

"2 3 1
| 340" | 380¢° 2.60
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rg
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g "4.40
& 4
5 440
2
3 4
S 4.40
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3 2 .
, 3.40°
1 2 3 . a | 4. ] 4 toas |o2- |
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- 4 _ . Rods(40) - ... .4.40 wlo U23s = o
G1 Rods(8) ~ 3.40 w/o U-235+5.0 w/o Gd203
- Figure 7. SPCA9-3.96L-8G5.0-100M Lattice Enrichment Distribution
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4.70 4.95 4.95 4.95 4.95 4.95 4.95 4.95 4.703
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1 2 3. 4 a 4 <2 2 1
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Figure 8. SPCA9-4.58L-8G6.0-100M Lattice Enrichment Distribution
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Figure 9. SPCA9-4.58L-8G6.0/4G3.0-100M Lattice Enrichment Distribution
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Nomenclature
AOO abnormal operational occurrence
BOC beginning of cycle
EFPH effective full power hours
EOC end of cycle
EOD extended operating domain
EOFP end of full power
EOOS equipment out of service
FFTR final feedwater temperature reduction
FHOOS feedwater heater out of service
FWCF feedwater controller failure
ICA interirfl corrective actions
ICF increased core flow
LFWH loss of feedwater heating )
LHGR linear heat generation rate e
LHGRFAC LHGR muttiplier :
LOCA loss of coolant accident -
LPRM local power range monitor '
LRNB load rejection no bypass
MAPFAC MAPLHGR multiplier
MAPLHGR maximum average planar linear heat generation rate
MCPR minimum critical power ratio '
MELLLA  maximum extended load line limit anaIyS|s
MSIV main steam isolation valve
NSS nominal scram speed 's‘\
PAPT protection against power trans:ent
PCT peak clad temperature
RPT recirculation pump trip
SLMCPR safety limit minimum critical power ratio
SLO single-loop operation
SPC Siemens Power Corporation
SRVOOS safety/relief valve out of service
TBVOOS turbine bypass valves out of service
TCV turbine control valve
TIP traversing in-core probe
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LaSalle Unlt 2 Cyole 9

Reload Analysis ..

]

1.0 Introduction

This report provides the results of the analysis performed by Siemens Power Corporatlon
(SPC) as part of the reload analysis in support of the Cycle 8 reload for LaSalle Unit 2. This
report is intended to be used in conjunction with the SPC topical Report XN-NF-80-19(P)(A),
Volume 4, Revision 1, Application of the ENC- Methodology to BWR Reloads, which describes
the analyses performed in support of this reload, identifies the rnethodology used for those
analyses, and provides a generic reference list. Section numbers in this report are the same as

- corresponding section numbers in XN NF-80‘19(P)(A) Volume 4, Revision 1. Methodology

used in this report which supersedes XN NF-80-19(P)(A), Volume 4, Revision 1, is referenced in
Section 8.0. The NRC Technical Limitations presented in the methodology documents,
including the documents referenced in Section 8.0. have beenfsatlsﬂed by these analyses.

Analyses performed by Commonwealth Ednson Company (ComEd) are descnbed elsewhere.
This document alone does not necessanly ldentlfy the limiting events or the appropnate
operating limits for Cycle 9.. The Irmmng events and operating limits must be determined in

conjunction with resuhs from ComEd analyses

ool

uuuuu

The Cycle 9 core consists of a total of 764 fuel assembhes rncludlng 348 unlrradlated and 256
irradiated ATRIUM™-9B" assemblies ‘and 160 irradiated GE9 ‘assemblies. The reference core

-~
o N
< - ~

configuration is described in $ecuon4.72, : . eas P

The design and safety analyses reported in thls document were based on the desngn and
operational assumptions in effect for LaSalle Umt 2 during the prewous operatmg cycle The
effects of channel bow are exphcntly accounted forin the safety limit analysis. The extended
operating domaln (EOD) and equnpment out of service (EOOS) conditions presented in Table

1.1 are supported. KPS I O

ATRIUM is a trademark of Siemens.
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4

Table 1.1 EOD and EOOS Operating Conditions

Extended Operating Domain (EOD) Conditions
Increased Corg Flow
Maximum Exte‘nded Load Line Limit Analysis (MELLLA) -
Coastdown
Final Feedwater Temperature Reduction (FFTR)
FFTR/Coastdown
Equipment Out of Service (EOOS) Conditions”
Feedwater Heaters Out of Service (FHOOS)
Single-Loop Operation (SLO) - Recirculation Loop Out of Service
Turbine Bypass Valves Out of Service (TBVOOS)
Recirculation Pump Trip Out of Service (No RPT)
Turbine Control Valve (TCV) Slow Closure and/or No RPT
Safety Relief Valve Out of Service (SRVOOS)

Up to 2 TIP Machine(s) Out of Service or the Equivalent Number of TIP Channels
(100% available at startup)

Up to 50% of the LPRMs Qut of Service

TCV Slow Closure, FHOOS and/or No RPT

"' EOOS conditions are supported for EOD conditions as well as the standard operating domain. Each
EOQS condition combined with 1 SRVOOS, up to 2 TIPOOS (or the equivalent number of TIP
channels) and/or up to 50% of the LPRMs out of service is supported. -

Siemens Power Corporation
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2.0  Fuel Mechanical Design Analysis
Applicable SPC Fuel Design Reports . References 9.1 & 9.2

To assure that the power history for the ATRIUM-9B fuel to be irradiated during Cycle 9 of
LaSalle Unit 2 is bounded by the assumed power history in the fuel mechanical design analysis,
LHGR operating limits have been specified in Section 7.2.3. In addition, LHGR limits for
Anticipated Operational Occurrences have been specified in Reference 9.1 and are presented
in Section 7.2.3 as Figure 7.1.
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30 . Thermal-Hydraulic Design Analysls

3.2 Hydrauhc Characterization

3.2.1 Hydraulic Compatibility e LN
Component hydraullc resnstances for the fuel types in the LaSalle Unit 2 Cycle 9 core have been
determmed in smgle-phase flow tests of full-scale assemblies. The hydraulic demand curves for
SPC ATRIUM-9B and GES fuel in the LaSalle Unit 2 core are provided in Reference 9.1, Figure

42. T

3.2.3 Fuel Centerline Temperature

Applicable Report ST
ATRIUM-9B Reference 9.1,
: ool -iFigure 3.3

3.25 Bypass Flow
Calculated Bypass Flow ; 14.8Mbhr - - ‘ Referencé 9.3

Fatd]

at 100%P/100%F o e e

_(includes water channel flow) -

33 MCPR Fuel Claddmg lntegrity Safety Limit (SLMCPR) A

‘.

Two-Loop Operat:on - A 11 w-- -  Reference9.3. .

Smgle-LoopOperatnon ' . A2 R ST

3.3.1". Coolant Thermodynaric Condition ~ ',

Thermal Power (at SLMCPR) 5167.29 MWt
Feedwater Flow Rate (at SLMCPR) : 22.4 Mibm/hr
Core Exit Pressure (at Rated Conditions) 1031.35psia
Feedwater Temperature 426.5°F

Includes the effects of channel bow, up to 2 TIPOOS (or the equivalent number of TIP channels), a
2500 EFPH LPRM calibration interval, cycle startup with uncalibrated LPRMs (BOC to 500
MWd/MTU), and up to 50% of the LPRMs out of service.

e
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Wi .

33.2 Design Basis Radial Power Distribution

Figure 3.1 shows the radial power distribution used in the MCPR Fuel Cladding Integrity Safety

Limit analysis.

3.3.3 Design Basis L ocal Power Distribution

ngures 3.2, 3.3, 3.4 and 3.5 show the local power peaking factors used in the MCPR Fuel
Cladding Integrity Safety Limit analysis.

SPCAS-391B-14G8.0-100M Figure 3.2
SPCAS-410B-19G8.0-100M Figure 3.3
SPCAS-383B-16G8.0-100M Figure 3.4
SPCAS-396B-12GZ-100M Figure 3.5

3.4 Licensing Power and Exposure Shape

The licensing axial power profile used by SPC for the plant transient analyses bounds the
projected end of full power (EOFP) axial power profile. The conservative licensing axial power
profile as well as the corresponding axial exposure ratio are given in Table 3.1. Future
projected Cycle 9 power profiles are considered to be in compliance when the EOFP normalized
power generated in the bottom of the core is greater than the'lice;wsing axial power profile at the
given state conditions when the comparison is made over the bottom third of the core height.

Siemens Power Corporation
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Table 3 1 Licensing Basis Core Average Axial Power Profile and
Licensing Axial Exposure Ratio

State Conditions for Power Shape Evaluation

: Power, MWt 3489.00 <
¢ Core Pressure, psia 1020.00 -
\ Inlet Subcooling, Btu/lbm 18.20

Flow, Mib/hr 108.50

O ! Licensing Axial Power Profile .
oL ~ Node Power
' i . ¢ Top 25 0.211 -
Sy 24 0.417
i t 23 0.967
s 2 1.207
P 21 1.371 -
L r e T 200 1.445
A 1.454
St ool e 1428
e T b b n 1384
Pombo o e L ) 1346
‘ L T - B
‘ T : 14 3 . 1.248 ] -
U T T G & R 5 |- -

Foooa st 2 D N 1.151 -
oo A T 010102 '
10 1.083

9 1.002

8 0.944

7 0.887
6 0.835 3
optn S T 7 0,796 e
- -4t 2070 -

3 Y 0.726

2 : 0.583

1 0.177

Licensing Axial Exposure Ratio (EOFP)
Average Bottom 8ft/12 ft = 1.098
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o 10 I ]
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o . i
E 5 f [ ] :
35 - .
Z - 4
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Radial Power Pecking

Figure 3.1 Radial Power Distribution
for SLMCPR Determination

Siemens Power Corporation
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Figure 3.2 LaSalle Unit 2~’Cvfc;l‘e:9 é%féfy l:imit Local Pea’king Factors

SPCA9-391B-14G8.0-100M With Channel Bow



EMF-2437

LaSalle Unit 2 Cycle 9 Revision 0

.Reload Analysis Page 3-6

Control Rod Corner

(o]

n

t | 1.058 | 1.049 | 1.092 | 1.091 | 1.107 | 1.082 1.072 | 1.017 | 1.010

r

10 \

Pl 1.049 | 0.945 1.020 | 0.996 | 0.843 | 0.987 | 0.998 | 0.906 0.995

R

0

d [ 1.092 [ 1.020 | 1.002 | 1.061 | 1.090 | 1.052 0.981 | 0.980 | 1.030

o

O 1.091 | 0996 | 1.061 0.8%4 | 0.955 | 1.053

r

n Internal

f 1.107 | 0.843 | 1.090 Water 1.067 | 0.797 | 1.036

- Channel

1.082 | 0.987 | 1.052 1.024 | 0.941 | 1.041
1.072 | 0.998.] 0.981 | 0.894 | 1.067 | 1.024 0.800 | 0.952 | 1.007
1.017 | 0.906 | 0.980 | 0.955 | 0.797 0.941 | 0.952 | 0.865 | 0.960
1.010 | 0.995 | 1.030 | 1.053 | 1.036 | 1.041 1.007 | 0.960 | 0.960

Figure 3.3 LaSalle Unit2 C
SPCA9-410B-19

Siemens Power Corporation

ycle 9 Safety Limit Local Peaking Factors
G8.0-100M With Channel Bow
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1.009
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¥
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4
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Figure 3.4 LaSalle Unit Z Cycle 9 Safety Limit Local Peaking Factors ~
SPCA9-383B-16G8.0-100M With Channel Bow



EMF-2437

LaSalle Unit 2 Cycle 9 Revision 0
Reload Analysis Page 3-8
Wyt

Control .Rod Corner

o

n

t 1.025 | 1.058 | 1.062-] 1.117 | 1.100 | 1.108 | 1.043 | 1.026 | 0.979

r

O " ]

| 1.058 | 0.834 | 1.018 | 0.852 | 1.003 | 0.845 | 0.999 | 0.903 | 1.005

R

o

d 1.062 1.018 1.003 1.067 1.082 1.058" | 0.984 0.983 1.006

C .

0 1.117 0.852 1.067 1.046 0.823 1.056

r

n Internal

e Water :

r 1.100 1.003 1.092 1.072 0.968 1.039

Channel

1.108 0.845 1.058- | 1.038 0.816 1.046
1.043 | 0.999 0.984 1.046 1.072 1.038 0.965 0.963 0.886
1.026 0.903 0.983 | -0.823 0.968 0.816 0.963 0.873 0.973
0.979 1.005 1.006 1.056 1.039 1.046 0.986 0.973 0.933

Siemens Power Corporation

Figure 3.5 LaSalle Unit 2 Cycle 9 Safety Limit Local Peaking Factors

SPCA9-396B-12GZ-100M With Channel Bow
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4.1 Fuel Bundle Nuclear Desrgn Analysis e

The detarled fuel bundle desrgn information for the fresh ATRIUM™.-9B fuel to be loaded in.
LaSalle Unit 2 Cycle 9 is provided in References 9.1 and 9.12. The followxng summary provudes
the appropnate cross-references . S el

Assembly Average Enrichment (ATRIUM-SBfuel) . . . -0 v
SPCA9-391B-14G8.0-100M ”,(Fns), L. 391wt%

SPCA9-410B-19G8.0-100M “HFT17) L0 410 wWt%
SPCAS-383B-16G8.0-100M (FT18). ;.. ... .3.83wi%

SPCAg-396B-12GZ-100M LFT19). T 0 L. 3.96wi%

Radial Enrichment Distribution

SPCAO-4.56L-12G8.0-100M . . \Ref 912 . Frgure B.19
" SPCA9-4.21L-13G8.0-100M - ~-* - '‘ Ref. 9.1 * . . Figure D.1

SPCA9-4.271-12G8.0-100M Ref. 9.1 " Figure D.2

SPCA9-4.53L-11G8.0-100M Ref. 9.1 Figure D.3

SPCA9-3.96L-8G5.0-100M . Ref.98.12 Figure B.122

SPCA9-4.58L-8G6.0/4G3.0-100M: _: ':;:Ref:-9.12. - .: = * ‘Figure B.140

SPCA9-4.58L-8G6.0-100M " Ref. 9.12 Figure B.157
Axial Enrichment Distribution Ref. 9.1 . Flgures 5.1-5. 4
Burnable Absorber Distribution " Ref.91  Figures5.1-54
Non-Fueled Rods .. w_. ... .Refe1 . .. Figures 5.1-54
Neutronic Desigh Parameters (: Table 4.1

Fuel Storage ) e RS sy

- % B
1'1/'\ \ L. . - - A=

LaSalIe New Fuel Storage Vault - :' L Reference 94 - -
' The LSB-2 Reload Batch fuel desrgns meet the fuel desrgn limitations deﬁned in.
Table 2 1of Reference 9.4 and therefore can be safely stored in the vault,

¥t

" LaSalle Unrt 1 Spent Fuel Storage Pool (BORAL Racks) Reference 9 5

~ ' The LSB-2 Reload Batch fuel desngns meet the fuel desrgn limitations deﬁned in
~ - . .Table 2.1 of Reference 9.5 and therefore can be safely stored in the poo! '

-

. — e =T - .
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,“V': ’ )
LaSalle Unit 2 Spent Fuel Storage Pool (Boraflex Racks) Reference 9.6

The LSB-2 Reload Batch fuel designs can be safely stored as long as the fuel
assembly reactivity limitations defined in Reference 9.6 are met,

< ComEd has responsibility to confirm that fuel meets reactivity limitations. >

4.2 Cc':lre Nuclear Dt_asign Analysis

,lk"

4.2.1 Core Confiquration Figure 4.1
Core Exposure at EOC8, MWd/MTU 27,893.9
(nominal value) )
Core Exposure at BOC9, MWd/MTU 11,808.0
(from nominal EOC8)
Core Exposure at EOC9, MWd/MTU 30,266.2

(licensing basis to EOFP)

NOTE: Analyses in this report are applicable for EOFP up to a core exposure of
30,266.2 MWdA/MTU.

< CycTe 9 short window exposure to be determined by ComEd. >

4.2.2 Core Reactivity Characteristics

< This data is to be furnished by ComEd. >

4.24 Core Hydrodynamic Stability Reference 8.7

LaSalle Unit 2 utilizes the BWROG Interim Corrective Actions (ICAs) to address thermal
hydraulic instability issues. This is in response to Generic Letter 94-02. When the long term
solution OPRM is fully implemented, the ICAs will remain as a backup to the OPRM system.

In order to support the ICAs anq remain cognizant of the relative stability of one cycle compared
with previous cycles, decay ratios are calculated at various points on the power to flow map and
at various points in the cycle. This satisfies the following functions:

Siemens Power Corporation
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o Provides trending inforrnéttoh to ou:alitéttiely bomp;re the stability from cycle to cycle.

. Provides decay ratio sensitivities to rod line and flow changes near the ICA régions.-

o Allows ComEd to review this information to determine if any administrative
conservatisms are appropriate beyond the existing requrrements .

The NRC approved STAIF computer code was used in the core hydrodynamlc stabslrty analysis

performed in support of LaSalle Unit 2 Cycle 8. The powerlﬂow state pornts used for this

analysis were chosen to assist ComEd in performing the three functions described above. The

Cycle 8 Iicensthg basis control rod step-through projection was used to establish expected core

depletion conditions. For each powerHlow point, decay ratios were calculated at multlple cycle

exposures to determine the highest expected decay ratio throughout the cycle The results from

~

this analysis are shown below. S

Power/Flow " Maximum Maximum

(%) Global Regional )
30.1/26.6 0.59 063 - - - -
31.6/29.2 0.40 0.50

o 61.9/45.0 0.50 0.88

co. 73.6/50.0 0.52 0.95 - -
78.2/60.0 .- 0.33 . © ., 0.63. -
82.4/60.0 0.36 072 , -,

For reactor operatron under conditions of power coastdown, single-loop operation, final
feedwater temperature reduction (FFTR) andlor operation with feedwater heaters out of service,

it is possible that hlgher decay ratios could be achreved than are shown for normal operation.

~ - N 2, 2 Branr— e
n - R el v P3uber 1, 4 FETwr

NOTE: % power is based on 3489 MW as rated. % flow is based on 108.5 Mib/hr as rated.

Siemens Power Corporation
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Table 4.1 Neutronic Design Values

Number of Fuel Assemblies

Rated Thermal Power, MWt

Rated Core Flow, Mibm/hr

Core Inlet Subcooling, Btulbm
Moderator Temperature, °F
Channel Thickne%s. inch

Fuel Assembly Pitch, inch

Wide Water Gap Thickness, inch
Narrow Water Gap Thickness, inch

Control Rod Data’

Absorber Material

Total Blade Support Span, inch

Blade Thickness, inch

Blade Face-to-Face Intemél Dimension, inch
Absorber Rod OD, inch

Absorber Rod ID, inch

Percentarge B.C, %TD

The control rod data represents ori
neutronic calculations.

Siemens Power Corporation

764
3489
108.5
18.2
548.8
0.100
6.0
0.261
0.261

B.C
1.580
0.260
0.200
0.188
0.138
70

ginal equipment control blades at LaSalle and were used in the
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1357 91 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 48 51 53 55 57 €9
l-

60 12211111 111221
58 2 1419 1919151919 19 19 15 19 19 19 14 2

56 2 2 1519 17[15 17]16 17]14 14|17 16]17 15|17 1915 2 2
54 1 19 17 18 14| 1 15|18 15]1 1|15 18[15 1|14 18 17 19 1|
52 1 141717151515 18 14 17 18 18 17 14 18 15 16 156 17 17 14 1|
50 2 114 1 14171717 2 1717151515151717 2 17171714 1 14 1 2
48 2 19 17 14[1 18]17 18] 1 15|18 142 2|14 18|15 1]18 17{18 1|14 17 18 2|
46 2 15 17 17 17|18 14]14 18|14 18]18 17]14 14|17 18[18 14]18 14]14 18|17 17 17 15 2|
44 1 14 19 18 15 17 17 14 14 18 18 18 18 14 18 18 14 18 18 18 18 14 14 17 17 1518 19 14 1
42 2 49 17 14 15 17 18 18 18 14 14 17 15 18 14 14 18 15 17 14 14 18 18 18 17 15 14 17 19 2
40 2 19f15 1]15 2|1 14)18 14} 2 14|16 15]2 2 |15 16]14 2|14 18|14 1|2 151 15]19 2
38 1 19]17 15|18 17|15 18]18 17|14 2|15 16[15 15|16 15} 2 14]17 18|18 15]17 18}15 17|19 1
36 1 15 16 18 14 17 18 18 18 15 16 15 14 16 16 16 16 14 15 16 15 18 18 18 17 14 18 16 15 1
34 4 19 17 15 17 15 14 17 14 18 15 16 16 18 15 15 18 16 16 15 18 14 17 14 15 17 15 17 19 1
32 1 19[1a 1118 15] 2 1a}18 14[ 2 15|16 15[ 2 2]15 16|15 2|14 1814 2|15 18} 1 14]19 1
30 1 19|14 1118 15| 2 14]18 14] 2 15]16 15| 2 2|15 16]15 2|14 18|14 2 15 18] 1 14]19 1
28 41 19 17 15 17 15 14 17 14 18 15 16 16 18 15 15 18 16 16 15 18 14 17 14 16 17 156 17 19 1
26 41 15 16 18 14 17 18 18 18 15 16 15 14 16 16 16 16 14 15 16 15 18 18 18 17 14 18 16 15 1
24 1 19}17 15]18 17]15 18]18 17|14 2 ]15:16]15 15]16 15]2 14 17 1818 15|17 18}156 17|19 1
22 2 19]15 1|15 2|1 14|18 14} 2 14]16/15]2 2 {15 16[14 2|14 18|14 1]2 15]1 15]19 2
20 2 19 17 14 15 17 18 18 18 14 14 17 15,'18 14 14 18 15 17 14 14 18 18 18 177 1514 17 19 2
18 |1 14 19 18 15 17 17 14 14 18 18 18 1814 18 18 14 18 18 18 18 14 14 17 17 15 18 19 14 1]
16 2 15 17 17 17[18 14]14 18]14 18|18 17|14 14]17 18|18 14]18 14|14 18]17 17 17 16 2
14 2 19 17 14]1 18]17 18] 1 15|18 142 2}14 18|15 1}18 17}{18 1]14 17 19 2
12 2 114 1 14171717 2 171715151515 17 17 2 17171714 1 14 1 2
10 1 144 17 17 1515 15 18 14 17 18 18 17 14 18 15 15 156 17 17 14 _1

8 1 19 17 18 14| 1 15]18.15|1 1|15 18|15 1]14 18 17 19 1
6 ‘22151917151716'171414171617151719152 21
4 2 141919191519 19 19 19 156 19 19 19 14 2
2 172211141111 1221

:

Fuel , Number Load
Type Bundle Name . of Bundles Cycle

9 GE9B-PSCWB322-11GZ-100M-150 ‘ 84 7

2 GE9B-PBCWB320-9GZ-100M-150 ' 76 7

14 SPCAS-381B-13GZ7-80M 128 8

15 SPCA9-384B-11GZ6-80M ' 128 8

16 SPCA9-391B-14G8.0-100M 40 9

17 SPCA9-410B-19G8.0-100M 120 9

18 SPCAS-383B-16G8.0-100M 132 9

19 SPCAS-396B-12GZ-100M 56 9

Figure 4.1 LaSalle Unit 2 Cycle 9 Reference Loading Map
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50 Anticipated Operational Occurrences .

Applicable Disposition of Events® - Reference 9.7
5.1 . Analysis of Plant Transients at Rated Conditions Reference 9.3
* Limiting Transients; Load Rejection No Bypass (LRNB)
- Feedwater Controller Failure (FWCF)
Loss of Feedwater Heating (LFWH)
- Peak
Peak Peak Lower
Neutron Heat Plenum .
~Scram Flux Flux - Pressure " ACPR

Transient Speed (% Rated) (% Rated)  (psig)  ATRIUM-B/GES

LRNB" - * 'TSSS 422 127 1218 ' 0.30/0.40
FWCF - TsSS 298 123 1176  0.250.31
LRNB’ NSS 380 124 . 1211~ 028037
FWCF’ NSS 263 1 120 1169 .0.23/0.29 -
LFWH! t R | 1 ) t

52 Anal}sis for Reduced Flow Operation Reference 9.3

Limiting Transient: Slow Flow Excursion ~ *

MCPR; Manual Flow Control — ATRIUM-9B and GE9 Fuel Figure 5.1
LHGRFAC;— ATRIUM-9B Fuel . Figure 5.2
MAPFAC,;— GES9 Fuel ! R B

MCPR; and LHGRFAC; results are appiicable at all Cycle 9 exposures and in all EOD
and EOOS scenarios presented in ‘_I'avt_axl.ef;_l.t .

Based on 100%P/105%F conditions.
T This data to be fumnished by ComEd.

Siemens Power Corporation
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5.3  Analysis for Reduced Power Operation Reference 9.3

54

5.5

5.6

5.7

Limiting Transient:  Load Rejection No Bypass (LRNB)
Feedwater Controller Failure (FWCF)
MCPR,; Base Case Operation

LHGRFAC, Base Case Operation’
MCPR,, EOOS Conditions
LHGRFAC;, EOOS Conditions’
MAPFAC, — All Operating Conditions"

ASME Overpressurization Analysis
Limiting Event
Worst Single Failure

Maximum Vessel Pressure (Lower Plenum)
Maximum Steam Dome Pressure

Control Rod Withdrawal Error
Starting Control Pattern for Analysis

< This data is to be furnished by ComEd, > -

Fuel Loading Error

< This data is to be fumnished by ComEd. >

Determination of Thermal Margins

Tables 5.1-5.4
Figures 5.3-5.6

Tables 5.1-5.4
Tables 5.1-5.4
Tables 5.1-5.4

<To be fumnished by
ComEd.>
Reference 9.3

MSIV Closure

Valve Position Scram
1346 psig

1320 psig

Figure 5.7

The results of the analyses presented in Sections 5.1-5.3 are used for the determination of the
operating limit. Section 5.1 provides the results of analyses at rated conditions. Section 5.2
provides for the determination of the MCPR and LHGR limits at reduced flow (MCPR;, Figure

LHGRFAC, values presented are a

applied to GE9 fuel at off-rated power.

Siemens Power Corporation

pplicable to SPC fuel. GE MAPFAC, limits will continue to be
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5.1; LHGRFAC;, Figure 5.2 ). Section 5.3 provides for the determination of the MCPR and
LHGR limits at oondmons of reduced power (Figures 5.3-5.6, Tables 5. 1-5 4) Limits are
presented for base case operatlon and the EOD and EOOS scenarios presented in Table 1.1.
The results presented are based on the analyses perfonned by SPC. As indicated above, the
final Cycle 9 MCPR operatlng limits need to be estabhshed in conjunction with the results from
ComEd ans!){ses
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Table 5.1 EOC Base Case and EOOS MCPR,; Limits and
LHGRFAC, Multipliers for TSSS Insertion Times
EOOS / EOD Power ATRIUM-9B Fuel GE9 Fuel
Condition (% rated) MCPR, LHGRFAC, MCPR,
' 0 2.70 0.78 2.70
Base 25 2.20 0.78 2.20
case 25 1.91 0.78 1.99
operation 60 1.46 1.00 1.52
100 1.41 1.00 1.51
0 2.85 0.69 2.85
Feedwater 25 2.35 0.69 2.35
e rvice 25 2.14 0.69 222
(FHOOS) 60 1.51 0.97 1.57
100 1.41 1.00 1.51
0 2.71 0.78 2.71
Single-loop 25 2.21 0.78 2.21
operation 25 1.92 0.78 2.00
(SLO) 60 1.47 1.00 1.53
100 1.42 1.00 1.52
0 2.70 0.76 2.70
Turbine 25 2.20 0.76 2.20
s 25 1.98 0.76 2.08
(TBVOOS) 60 1.52 0.97 1.62
100 1.43 0.99 1.52

Siemens Power Corporation
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Table 51 EOC Base Case and EOOS MCFR, Limits and
LHGRFAC Mulupliers for TSSS Insertion Times __
: ) (Contmued)
" _EOOS/EOD Power | ATRIUM-9B Fuel . | GES Fuel
. Condition (% rated) | MCPR, {LHGRFAC,| MCPR, -
. o :| 270 0.78 270
Recirculation 25 .| 220 0.78 2.20
pump trip 25 191 0.78 199
_ out-of-service AR - -
(no RPT) 60 151 0.89 1.61
100 1.51 0.89 161
0 2.70 0.70 2.70
Turbine control 25 2.20 0.70 2.20
vlalved(r CcV) 25 2.10 0.70 2.10
W CIO
otor T 80 1.69 0.86 . 1.95
no RPT 80 1.61 0.89 1.84
100 1.53 0.89 1.63
0 2.85 0.68 2.85
TCV 25 2.35 0.68 2.35
slow closure/ 25 2.14 0.68 2.22
FHOOS
no RPT 80 1.61 0.89 1.84
100 1.53 0.89 1.63
0 2.60 0.40 2.60
idle 25 ' 260 0.40 2.60
loop 25 260 0.40 260
startup 60 ' 2.60 0.40 2.60
100 . 2.60 0.40 260

Siemens PowerCorporation
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N

Wi

‘Table 52 EOC Base Case MCPR, Limits and
LHGRFAC, Multipliers for NSS Insertion Times

EOOS / EOD Power ATRIUM-9B Fuel GE9 Fuel

Condition (% rated) MCPR; |LHGRFAC, MCPR,
K : 0 2.70 ' 0.79 2.70
Base 25 220 0.79 2.20
case . 25 1.89 0.79 1.97
operation 60 1.44 1.00 1.51
100 1.39 1.00 1.48

Siemens Power Corporation
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*"Table 5.3 Coastdown b'plefat’l.on Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers

for TSSS Insertion Times
Ebbs IEO'D‘ R ;Powérl i; _”H- ATRIUM‘QB FUE' j,, ‘GEQ Fuel
" "Condition " _|- (% rated)"| . MCPR, |LHGRFAC,| MCPR;.
- o | i270 075 | 270 -
Coastdown 25 | 220 075 | - 220
base case 25 -| :2.05 0.75 2205
operation 60 1.48" 0.99 "1.54
100 7| 1.42 1.00 152 -
o ; o -| 271 | 075- 271 -
Coastdown with 25;?}? 221 0.75 2.21
single-loop - 25 - 2.06 0.75 - 2,06
operation g 60 7| 1.9 0.99 155 -
) o 100y 143 1.00 1.53
e _wﬂ, with 0. |’ 270 . 073 - 270
as '
ot 25 |' 220 0.73 2.20
bypasfss valves 25 2.05 0.73 2.15
out-of-service :
(TBVOOS) 60 1.55 0.97 1.64
100 1.44 0.99 1.53
o 0 270 0.75 2.70
astdown with 5
regirevlation 25 . 220 0.75 2.20
pump trip 25 ' 2,05 0.75 2.05
out-of-service ?
v RPT) 60 .~ 155 0.88 1.67
100 . 155 0.88 1.67

Siemens Power Corporation
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Table 5.3 Coastdown Operation Base Case and
EOOS MCPR,; Limits and LHGRFAC, Multipliers
for TSSS Insertion Times
(Continued)
Condition . " (% rated) MCPR;, [LHGRFAC, MCPR,

0 2.70 0.68 2.70

Coastdown with 2
turbine controf 5 2.20 0.68 2.20
va've (TCV) ) 25 2.15 0.68 2.15
slov\; closure 80 1.70 0.85 1.96

AND/OR

no RPT 80 1.62 9.88 1.85
. 100 1.55 0.88 1.67
0 2.60 0.40 2.60
Coastdown with 25 2.60 0.40 2.60
idle loop 25 2.60 0.40 2.60
startup 60 2.60 0.40 2.60
100 2.60 0.40 2.60

Siemens Power Corporation
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Table 5.4 (FFI' RI&:astdown Operation Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers
for TSSS Insertion Times
~ 'ECOS/EOD - | Power ~ " ATRIUM-9B Fuel |- GE9 Fuelr
- - Condition ---~| (% rated) | MCPR, |LHGRFAC,| 'MCPR,;
| o..] 28 | 085 [ -28 .
FFTR/coastdown 25 12.35 10.65 ) ,,2:35 .
base case * 25 | 230 0.65 2.30
operalion 60 | 156 0.7 159
100.. | 1.42 1.00 152 °
- ,_ 0.7 | 286 ' 065 2.86
FFTR/coastdown . .| 25 .| 236 | 0865 236
with single-loop 25 2.31. 0.65 2.31
operation 60 | 157 0.7 160 .
5 100 _. |/ 143 . 1.00 1.53
o e 0 ] 7288 065 | 285
FTR/coastdown
with turbine 25 2.35 0.65 2.35
bypass valves 25 . 230 0.65 2.30
out-of-service p
(TBVOOS) 60 1.57 0.97 1.64
100 . 1.44 0.99 1.53
0 ', 2.85 0.65 2.85
FFTR/coastdown 25 | 235 0.65 2.35
with recirculation '
pump trip 25 ' 230 0.65 2.30
out-of-service
(no RPT) 60 1.56 0.88 1.67
100 ' 1.55 0.88 1.67
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Table 5.4 FFTR/Coastdown Operation Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers
for TSSS Insertion Times
(Continued)
EOOS /EOD Power ATRIUM-9B Fuel GES Fuel
Condition (% rated) MCPR, |LHGRFAC,| MCPR,
' . (0] 2.85 0.65 2.85
F!;'hﬂflfbgasfdowgo : ' 25 2.35 0.65 2.35
with turbine con )
valve (TCV) 25 2.30 0.65 2.30
sl:;»; g':sure 80 1.70 0.85 1.96
A
o RPT 80 1.62 .0.88 1.85
< 100 1.55 0.88 1.67
0 2.60 {0.40 2.60
F FTBlcoastdown 25 2.60 0.40 2.60
m""" 25 2.60 0.40 2.60
startup 60 2.60 0.40 2.60
100 2.60 0.40 2.60

Siemens Power Corporation
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Figure 5.1 Flow-Dependent MCPR Limits for
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Figure 5.2 Flow Dependent LHGR Multipliers for ATRIUM-9B Fuel
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Figure 5.3 - EOC Base Case Power-Dependent MCPR Limits for
ATRUM-9B Fuel - TSSS Insertion Times
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Figure 54 EOC Base Case Power-Dependent MCPR Limits for
GE9 Fuel - TSSS Insertion Times
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< This data is to be fumished by ComEd. >

Figure 5.7 Starting Control Rod Pattern
for Control Rod Withdrawal Analysis
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60 Postuiated Accidents ‘ o

6.1 :Loss-of-Coolant Accident

611 Bresklocstion Spectum Reference 9.8

6.1.2 Break Size Sgevctrum“ A‘ o D - - Reference9.8' - - - -
6.1.3 - MAPLHGR Analyses -- . . .. - <. . .07 ! e T
The MAPLHGR limits presented in Reference 9.9 are valid for LaSalle Unit 2 ATRIUM-9B {LSB-
2) fuel for Cycle 9 operation. .

Limiting Break: 1.1 12 Break
Recirculation Pump Discharge Line
High Pressure Core Spray Diesel Generator Single Failure

Peak clad temperature and peak local metal water reaction results for the Cycle 9 ATRIUM-9B
reload fuel are 1810°F and 0.70% respectively. These results are bounded by the results
presented in Reference 9.11, which support the Reference 9.9 MAPLHGR limits. The maximum
core-wide metal-water reaction for Cycle 9 rema'ins less than 0.16%. LbCAIheatup analysis
results for LaSalle ATRIUM-9B are presented below (Reference 9.11):

Maximum PCT- Peak Local Metal-Water Reaction
(°F) (%)

ATRIUM-SB Fuel 1825 . . 0.79

The maximum core wide metal-water reaction is < 0.16%.

'
i
3

6.2 Control Rod Drop Accident

< This data is to be furnished by ComEd. >
6.3 Spent Fuel Cask Drop Accident
The radiological consequences of a spent fuel césk drop accident have been evaluated for SPC
ATRIUM fuel designs in conformance with the analysis described in the LSCS UFSAR Section

The peak local metal water reaction result is consistent with the limiting PCT analysis results reported
in Reference 9.11.
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X
1

15.7.5. The analysis is assumed to occur 360 days following shutdown of the reactor, and it is
assumed that all 32 fuel assemblies in the cask completely fail as a result of the accident.

Because the accident is assumed not to occur sooner than 360 days following shutdown of the
reactor, the source term for the accident will be very low due to fission product decay. Hence,
the commensurate radiological whole-body and thyroid doses will be very low. The results of
tﬁis analysis demonstrate that spent fuel cask drop accidents involving SPC ATRIUM fuel will
not exceed the established radiological whole-body and thyroid dose limits which are a small
fraction of the 10 CFR 100 limits for radiological exposures.

Siemens Power Corporation
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7.0  Technical Specifications
7.1 ° Limiting Safety System Settings

7.1.1° MCPR Fuel Cladding Inteqfity Safety Limit~

- MCPR Safety Limit (all fuel) —two-loop operation -~ 1.1
 MCFR Safety Limit (all fuel) — single-loop operation ] 1.12
7.1.2 'Steam Dome Pressure Safety Limit '
Pressure Safety Limit oo o o <-1325 psig

72  Limiting Conditions fof Operation

721 Average Planar Linear Heat Generation Rate - Reference 9.9
ATRIUM-9B Fuel GES9 Fuel
MAPLHGR Limits MAPLHGR Limits
Average Planar T i
" Exposure MAPLHGR - :
_(GWdMTU) ... . .. (KWH) - "~ . -<To be fuinished by ComEd.> °
00  “aas ,
200 ~ B < - T
et 9839 Coe
Single Loop Operation MAPLHGR Multiplier *~ . - Reference 9.9
for SPC Fuel is 0.90 St et LT : - :
722 Minimum Critical PowerRatio | . . - -
Rated Conditions MCPR Limit ! o

Flo‘\f;rvpé;;endent MCPR Limits:

'Manual Flow Control . ... . . - Figure5.1

s

Includes the effects of channel bow, up 1o 2 TIPOOS (or the equivalent number of TIP channels), 8
2500 EFPH LPRM calibration interval, cycle startup with uncalibrated LPRMs (BOC to 500
MWd/MTU) and up to 50% of the LPRMs out of service.

' This data is to be furnished by ComEd.

‘Siemens Power Corporation



EMF-2437

LaSalle Unit 2 Cycle 9 Revision 0
. Reload Analysis ) Page 7-2

NI

Power Dependent MCPR Limits:

.Base Case Operation - TSSS Insertion Times Figures 5.3 & 5.4
Base Case Operation - NSS Insertion Times ' Figures 5.5 & 5.6
o EOD and EOOS Operaton - Tables 5.1-5.4
7.2.3 Linear Heat Generation Rate Reference 9.1
ATRIUM-9B Fuel GE9 Fuel
Steady-State LHGR Limits Steady-State LHGR Limits
Average Planar )
Exposure LHGR
(GWd/MTU) (kW) < To be furnished by ComEd. > '
0.0 14.4
15.0 . 144
61.1 8.32

The protection against power transient (PAPT) linear heat generation rate curve for ATRIUM-9B
fuel is identified in Reference 9.1 and is preseﬁted here as Figure 7.1 for convenience.
LHGRFAC; and LHGRFAC, multipliers are applied direcﬂy to the steady-state LHGR limits at
reduced power, reduced flow and/or EOD/EOOS conditions to ensure the PAPT LHGR limits
are not violated during an AOO. Comparison of the Cycle 9 nodal power histories for the rated
power pressurization transients with the approved bounding curves to show compliance with the
1% strain criteria for GES fuel is discussed in Reference 9.10.

LHGRFAC Multipliers for Off-Rated Conditions - ATRIUM-9B Fuel:

LHGRFAC, - Figure 5.2

LHGRFAC, Tables 5.1-5.4
MAPFAC Multipliers for Off-Rated Conditions - GE9 Fuel:

MAPFAC, : < To be fumnished by ComEd. >

) MAPFAC, < To be fumished by ComEd. >

Siemens Power Corporation
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20+

(0.,19.4)

(15,19.4)

18+

16+

(61.1,11.2)

0 1 20 25 30 35 40 45 S0 85
Average Planar Exposure, GWd/MTU
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Figure 7.1 Protection Against Power Transient LHGR
Limit for ATRIUM-9B Fuel
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Methodology References

8.0

83

8.4

8.5

8.6

8.7

See XN-NF-80-19(P)(A) Volume 4 Revision 1 for a complete bibliography.

ANF-913(P)(A) Volume 1 Revision 1 and Volume 1 Supplements 2, 3 and 4,
COTRANSAZ2: A Computer Program for Boiling Water Reactor Transient Analyses,
Advanced Nuclear Fuels Corporation, August 1990,

ANF-524(P)(A) Revision 2 and Supplements 4 and 2, ANF Critical Power Methodology
for Boiling Water Reactors, Advanced Nuclear Fuels Corporation, November 1990.

ANF-1125(P)(A) and ANF-1125(P)(A), Supplements 1 and 2, ANFB Critical Power
Correlation, Advanced Nuclear Fuels Corporation, April 1990.

EMF-1125(P)(A), Supplement 1 Appendix C, ANFB Critical Power Correlation
Application for Co-Resident Fuel, Siemens Power Corporation, August 1997,

ANF-1 125(!5)(A). Supplement 1 Appendix E, ANFB Critical Power Correlation
Determination of ATRIUM-9B Additive Constant Uncentainties, Siemens Power '
Corporation, September 1998.

XN-NF-80-18(P)(A) Volume 1 Supplement 3, Supplement 3 Appendix F, and
Supplement 4, Advanced Nuclear Fuels Methodology for Boiling Water Reactors:
Benchmark Results for CASMO-3G/MICROBURN-B Calculation Methodology,
Advanced Nuclear Fuels Corporation, November 1990.

EMF-CC-074(P)(A) Volume 1, STAIF - A Computer Program for BWR Stability Analysis
in the Frequency Domain, and Volume 2, STAIF - A Computer Program for BWR
Stability Analysis in the Frequency Domain - Code Qualification Report, Siemens Power
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1.0 . Introduction IRTEE

This report presents results of the plant transnent analyses performed by Slemens Power
Corporation (SPC) as part of the reload safety analyses to support LaSalle Unit 2 Cycle 8
(LZCQ) operatlon The Cycle g core contains 348 fresh ATRIUM™-9B" assemblies, 256

K prevnously loaded ATRIUM-OB assemblies and 160 prevnously loaded GES assemblies. Those
portions of the reload safety analysis for which Commonwealth Edison Company (ComEd) has
responsibility are presented elsewhere. The appropriate operating limits for Cycle 8 o'peralion
must be detenmned in conjunctlon with results from ComEd analyses. The scope ofthe '
transuent analyses performed by SPC is presented in Reference 1. '

The analyses reported in this document were performed using the plant transient analysis
methodology approved by the Nuclear Regulatory Commission (NRC) for generic application to
boiling water reactors (Reference 2). The transient analyses were performed in accordance with
the NRC technical limitations as stated in the methodology (References 3-7). Parameters for
the transient analyses are documented in Reference 8.

The Cycle 9 transient analysis consists of the calculation of the limiting transients identified in
Reference 9 to support base case operation! for the power/flow map presented in Figure 1.1.
Results are also presented to support operation in the extended operating domain (EOD) and
equipment out-of-service (EOOS) scenarios identified in Table 1.1. The analysis results are
used to establish operating limits to protect against fuel failures. Minimum critical power ratio
(MCPR) limits are established to protect the fuel from overheating during nommal operation and
anticipated operational occurrences (AOOs). Power-dependent MCPR (MCPR,) limits are
required 'in order to provide the necessary prol:ection during operation at reduced power. Flow-
dependent MCPR (MCPR,) limits provide protection against fuel failures during flow excursions
initiated at reduced flow. Cycle 9 power- and ﬂow—dependent MCPR limits are presented to

protect both ATRIUM-9B and GE9 fuel.

Protection against violating the linear heat generation rate (LHGR) limits at rated and ofi-rated
conditions is provided through the application of power- and flow-dependent LHGR factors

* ATRIUM is a trademark of Siemens.
1 Base case operation is defined as two-loop operabon within the standard operating domain, including
the ICF and MELLLA regions, with all.equipment in-service.

Siemens Power Corporation
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'(LHGR?AC,, and LHGRFAC,, respectively). These factors or multipliers are applied directly to
the steady-state LHGR limit to ensure that the LHGR does not exceed the protection against _

power transient (PAPT) limit during postulated AOOs. Cyélég Bower- and flow-dependent
LHGR multipliers are presented for ATRIUM-SB fuel.

. Results of analyses that demohstraie compliance with the ASME Boiler and Pressure Vessel

Code overpressurization limit are presented.

The results of the plant transient analyses are used in a subsequent reload analysis report
(Reference 15) along with core and accident analysis results to justify plant operating limits and

set points.

Siemens Power Corporation
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Table 1.1 EOD and EOOS
.Operating Conditions -

Extended Operating Domain (EOD) Conditions

Increased core flow
Maximum extended load line limit analysis (MELLLA)
: Coastdown
: Final feedwater temperature reduction (FFI‘;R) - i

,Corrﬁlbif;edﬁFFl’R/coastdown

Equipment Out-of-Service (EOOS) Conditions®

Feedwater heaters cut-of-service (FHOOS)
Smgle-loop operation (SLO) - recsrculahon loop out-of-sennce
Turbu)e !?ypass valves out-of-service (TBVOOS)

: Recichlati‘or_x ;;mp trip out-of-servio.e (no RPT)
Turbine control valve (TCV) slow closure andlor no RPT
Safety relief valve out-of-service (SRVOOS)

- ~Up to 2 tip machines out-of-service ¢ or ‘the equnvalent number of TIP
. channels (100% available at startup)‘

Up to 50% of the LPRMs out-of-serwce -
TCV slow closure, FHOOS, and/or no RPT

1

* EOOS conditions are supported for EOD conditions as well as the standard operating domain. Each
EOOS condition combined with 1 SRVOOS, up to 2 TIPOOS (or the equivalent number of channels)
and/or up to 50% of the LPRMs out-of-service is supported.

LRiamane PDruar FAamaratinn
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2.0 - Summary , - D LT .

_Ibe,detenmnahon.oﬂhe.thennal limits. (MCPR hmrts and LHGRFAC multlphers) for LaSalle

-*.Unit 2 Cycle 9 is based on analyses of the Ilmitmg operatlonal transients ldentlf' ed in o
Reference 9. Although the Reference 9 conclusions are based on 18-month cyc!es. the llmmng
operatuonal transnents identified remain valid for 24-month cycles. The transients evaluated are
‘the generator Ioad rejectlon thh no bypass (LRNB) feedwater controlier failure to max:mum
demand (FWCF) and loss-of-feedwater heahng (LFWH) Thermal limits identified for Cycle 9

) operatlon include both MCPR limits and LHGRFAC multipliers. The MCPR operatmg limits are
established so that less than 0.1% of the fuel rods in the core are expected to experience boiling
transition during an AOO initiated from rated or off-rated conditions and are based on a two-lodp
operation MCPR safety limit of 1.11. LHGRFAC multipliers are applied directly to the LHGR
limits at reduced power and/or flow conditions to protect against fuel melting and overstraining
of the cladding during an AOO. Operating limits are established to support both base case
operation and the EOOS scenarios presented in Table 1.1. Operating limits are also established
for the EOD and combined EOD/EOOS conditions presented in Table 1.1.

Base case MCPR; limits and LHGRFAC, multipliers are based on results presented in
Section 3.0. Results presented in Sections 4.0-6.0 are used to establish the operating limits for

operation in the EOD, EOOS, and combined EOD/EOOS scenarios.

Cycle 9 MCPR, limits and LHGRFAC, multlpllers for ATRIUM-9B fuel and MCPR;, limits for GE®
fuel that support base case operation and operatlon in the EOD, EOOS and combined
EOD/EOOS scenarios are presented in Tables 2.1-2.4. Tables 2.1 and 2.2 present base case
limits and multipliers for Technical Specnﬁcatlons scram speed (TSSS) insertion times and
nominal scram speed (NSS) insertion times, re'_spechvely Table 2.3 presents the limits and
multipliers for coastdown operation. The cbmbfned FFTR/coastdown limits and multipliers are

identified in Table 2.4.

!
MCPR; limits for both ATRIUM-SB and GE9 that protect against fuel failures during a slow flow
excursion event in manual flow control are presented in Figure 2.1. Automatic flow control is not
supported for L2CS. The GES MCPR; limits include the effect of applying the MCPR penalty
described in Reference 10. The MCPR; limits presented are apphcable for all EOD and EOOS

conditions presented in Table 1.1.

Siemens Power Corporation
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The Cycle 9 LHGRFAC; multipliers for the ATRIUM-SB fuel are presented in Figure 2.2 and are
applicable in all the EOD and EOOS scenarios. presented in Table 1.1. Comparison of the

Cycle 9 nodal power histories for the rated power pressurization transients with the approved
bounding curves to show compliance with the 1% clad strain and centeriine melt criteria for GE9

fuel is discussed in Reference 19,

] t
u

The results of the maximum overpressurization analyses show that the requirements of the
ASME code regarding overpressure protection are met for C)}cle 9. The analysis shows that the
dome pressure limit of 1325 psig is not exceeded and the vessel pressure does not exceed the

limit of 1375 psig.

Siemens Power Corporation
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Table 2.1 EOC Base Case and EOOS MCPR, Limits and
LHGRFAC, Multipliers for TSSS Insertion Times*
*~ _ . Condition (% rated) MCPR, |LHGRFAC,| MCPR;

, 3 0 | .270 078 2.70
Base" ¢ 25-°1 220 078 12.20
case 25 ;191 ;0.78 £1.88
operation 60 ;| 146 | 100 1.52
- s £ 100+ 141 1.00 1.51

e © 0w 285 | 069 |--285 -
:eefmter 1 25, ¢, 235- 0.69 235
eaters ) ! ; . . “one i
out-of-service ) 25 . 214 9'69 222
(FHOOS) 60 | 151 . 097 1.57
e ; 100 . 1.41 1.00 151
T T 0 2.7 0.78 2.71
Single-loop 25 - 221 - .| 078 221"
operation - 25 [ 1.2 0.78 200 .
o) - 60 - | 147 1.00 153, -
100 | 142 | 1.00 152 ©

) 0 & 270 [ 076 _|. 270. .
gurbir!_e e | 257 | 220 0.76 2.20
ypass valves : e | .
out-of-service - 25 ¢ 198 | 076 2.08
(TBVOOS) ° 60 .| 152 0.97 162 -

100 |-. 143 |. 0.99 152

e e A AT s

Mhre R WM

2wl

s, Lon -
LR

*  Limits support operation with any combination of 1 SRVOOS, u*p'téj.‘_z TIPOOS (or the equivalent *

Siemeans Powsr Comaration

number of TIP channels), up to a 20°F reduction in feedwater temperature (except for conditions with
FHOOS), and up to 50% of the LPRMs out of service in the standard, ICF, and MELLLA regions of

the power/flow map.
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Table 2.1 EOC Base Case and EOOS MCPR; Limits and

LHGRFAC, Multipliers for TSSS Insertion Times®*

(Continued)
EOOS /EOD Power . ATRIUM-9B Fuel . GES Fuel

Condition (% rated) MCPR, |[LHGRFAC,| MCPR,
0 2.70 0.78 2.70

Recirculation 25 2.20 0.78 220
AL 25 1.91 0.78 1.99
(no RPT) 60 1.51 0.89 1.61
100 - 1.51 . 0.89 1.61
0 2.70 0.70 2.70
Turbine control 25 2.20 0.70 2.20
:med(g g)'f)e 25 | 2.10 0.70 2.10
ANDIOR 80 - 1.69 0.86 1.5
no RPT 80 1.61 0.88 1.84
100 . 1:53 0.89 1.63
0 2.85 0.68 2.85
TCV 25 235 0.68 2.35
slow closure/ 25 L 2.14 0.68 2.22
iﬂgﬁ,’f 80 1.69 0.86 1.95
no RPT 80 " 1.61 0.89 1.84
100 1.53 0.89 1.63
1] . 2.60 0.40 2.60
Idle 25 2,60 0.40 2.60
loop 25 2.60 0.40 2.60
startup 60 2.60 0.40 2.60
100 2.60 0.40 2.60

* Limits support operation with any combination of 1 SRVOOS, up to 2 TIPOOS (or the equivalent
number of TIP channels), up to a 20°F reduction in feedwater temperature (except for conditions with
FHOOS), and up to 50% of the LPRMs out of service in the standard, ICF, and MELLLA regions of

the power/flow map.

Siemens Power Corporation
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' 'l"able42.2 f!rEOC éaée Case MCPR,, Limits and
LHGRFAC, Multipliers for NSS Insertion Times*

_"‘EOAO,S /EOD | "Power : ATRIUM-9B Fuel " |.GES Fuel
- - 7. . Condition -- | (%rated) | “MCPR, {LHGRFAC,| MCPR,

o o | 27 078 | 270
‘Base ' . | 25 | 220 079 | . 220
case 25 | 18 | o7 | 197
operation - 60 | 144 1.00 1.51
- f ’ -, - /“ [ .,1‘00.3:_,,‘ ::“ 1.39.- ' - 1.m N 1'48
P
- ' - ". -
| Lavs “
- - pre ) -

* _ Limits support operation with any combination of 1 SRVOOS, up to 2 TIPOOS (or thé equivalent
number of TIP channels), up to a 20°F reduction in feedwater temperature (except for conditions with

FHOOS), and up to 50% of the LPRMs out of service in the standard, ICF, and MELLLA regions of
the power/flow map. .
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Table 2.3 Coastdown Operation Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers

for TSSS Insertion Times*
Condition (% rated) MCPR, [LHGRFAC,| MCPFR,
0 2.70 0.75 2.70
Coastdown 25 2.20 0.75 2.20-
base case 25 2.05 0.75 2.05
operation 60 1.48 0.99 1.54
100 1.42 1.00 1.52
0 2.71 0.75 2.71
Coastdown with 25 2.21 0.75 2.21
single-.loop 25 2.06 0.75 2.06
operation 60 1.49 0.98 1.55
100 143 1.00 1.53
Coastd with 0 2.70 0.73 2.70
oastdown
turbine 25 2.20 0.73 2.20
bypass valves 25 2.05 0.73 2.15
out-of-service
(TBVOOS) 60 1.55 0.97 1..64
100 1.44 0.99 1.53
0 2.70 0.75 2.70
Coastdown with
recirculation 25 2.20 0.75 2.20
pump trip 25 2.05 0.75 2.05
out-of-service 60
(no RPT) 1.55 0.88 1.67
100 1.55 0.88 1.67

Siemens Power Corporation
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Tai:le’i.s"‘béiéétaéwﬁ Operation Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers

' for TSSS Insertion Times*
(Continued)
""" EOOS/EOD | - Power | ATRIUM-SB Fuel __ | GES Fuel
~ - Condition ' (%rated) || MCPR, |LHGRFAC,| MCPR;
S 0 i 270 068 |- -270
;Coastdown with o | ‘ EREY
turbine control 25 2;29 068 | . 220
ivalve (TCV) - - 25° i 215 0.68 2.15
slow closure . : 80° | 1.70. ..085. | . 1.96.
-~ AND/OR R s BN
noRPT : 80 1.62 0.88 1.85
w4 | 1007 )5 188 , 0.88- | 167"
L ], e 1 260 © 0.40 . 260"
Goastdown with 25 S D20 0.40 2.60
idleloop - .. . 257 | 1 260 040 |. 260
steup” . C 1. 60 . | 260 . 0.40 2.60 .
‘ . 100-: | | 2.60 © 0.40 2.60 -
% — —— —
i . :
S LR e i
v , i .

Limits sizpport operation with any combination of 1 SRVOOS, up to 2 TIPOOS (or the equivalert
number of TIP channels), up to a 20°F reduction in feedwater temperature, and up to 50% of the
LPRMs out of service in the standard, ICF, and MELLLA regions of the power/flow map.

'
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Table 2.4 FFTR/Coastdown Operation Base Case and
EOOS MCPR, Limits and LHGRFAC, Multipliers
for TSSS Insertion Times*
Condition’. (% rated) MCPR, LHGRFAC, MCPR,
’ 0 2.85 0.65 2.85
FFTR/coastdown 25 2.35 0.65 2.35
base case 25 2.30 0.65 2.30
operation 60 1.56 0.97 1.59
100 1.42 1.00 1.52
0 2.86 0.65 2.86
FFTR/coastdown 25 2.36 0.65 2.36
with sipgle-loop . 25 2.31 0.65 2.31
Operation 60 1.57 0.97 1.60
100 1.43 1.00 1.53
FETR o 0 2.85 0.65 2.85
coastdown
bypass valves 25 2.30 0.65 2.30
out-of-service
100 1.44 0.99 1.53
0 '+ 2.85 0.65 2.85
FF TR/coastdown 25 |, 235 0.65 2.35
with recirculation -
pump trip 25 2.30 0.65 2.30
out-of-service ,
(ho RPT) 60 . 1.56 0.88 1.67
100 1.55 0.88 1.67
* Limits support operation with any combination of 1 SRVOOS, up to 2 TIPOOS (or the equivalent

number of TIP channels), and u §
MELLLA regions of the power/flow map,

Siemens Power Corporation
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Table 2.4 FFTR/Coastdown Operation Base Case and

© __ 7.7" 'EODS MCPR, Limits and LHGRFAC, Multipliers

for TSSS Insertion Times*

’ (Continued)
EOOS / EOD Power |- ATRIUM-SB Fuel GE9 Fuel
Condition (% rated) | - MCPR, |[LHGRFAC,| MCPR;
7.0 |~ 285 0.65 285
fvmmse“:gmo ol " 25 2.35 0.65 2.35
valve (TCV) - - 25 2.30 0.65 2.30
: slow closure 80 1.70 0.85 1.96
5 3:,",’{,3? 80 1.62 0.88 1.85
: 100 ' 155 0.88 1.67
0 260 0.40 2.60
' . FFTR/coastdown . 25 .-|---260- |- 040 | 260
’ 'm‘,'d‘e 25 | . 260 040 | 260
startup 60 2.60 0.40 2.60
100 2.60 0.40 2.60

RIS

R

* Limits support operation with any combination of 1 SR\/OOS, up to 2 TIPOOS (or the equivalent
number of TIP channels), and up to 50% of the LPRMs out of service in the standard, ICF, and

MELLLA regions of the power/flow map.

Siemens Power Corporation
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150
4  ATRIUM-$B R
W1 * GE n-::s -
1.70 1 [*ATRIUM-98 Limk
1as Fomm————— e ~. === GE9 Limk
1.80
188 1
1.50 1
148 -
freo
135 1
1.30
128
120 -
1.15 4
1.10 1
1.08 1 )
1.00
] 10 20 N 40 50 70 80 80 100 110
"bw % of Rated)
' MCPR;GES
Flow MCPR, (penalty
(% of rated) ATRIUM-8SB included)
0 1.60 1.66
30 1.60 1.66
105 1.11 1:11

Figure 2.1 Flow-Dependent MCPR Limits for
Manual Flow Control Mode
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Figure 2.2 Flow-Dependent LHGRFAC
Multipliers for ATRIUM-9B Fuel
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3 0 Translent Analysls for Thermal Margln Base Case Operation

\ Th|s sectlon descnbes the analyses performed to determine the power- and flow-dependent

MCPR and LHGR operatlng limits for base case operatlon at LaSalle Umt 2 Cycle 9

COTRANSAZ (Reference 4), XCOBRA-T (Reference 11), -XCOBRA (Reference 7) and

} CASMO-BGIMICROBURN-B (Reference 3) are the major codes used in the thermal limits -

analyses as described i in SPC's THERMEX methodology report (Reference 7) and neutronics
methodology report (Reference 3). COTRANSA2 is a system transrent srmulatlon code, which
Jdncludes an axial one-dimensional neutronics model that captures the effects of axual power
shifts associated with the system transients. XCOBRA-T i rs a transient thermal-hydraulnes code
used in the analysis of thermal marglns for the limiting fuel assembly XCOBRA is used in’
steady-state analyses. The ANFB critical power correlation (Reference 6) fs used to evaluate
the thermal margin of the fuel assemblies. Calculations have been performed to demonstrate

. the applicability of the ANFB critical power correlation to GEO fuel at LaSalle usmg the o

Reference 12 methodology. Fuel pellet-to-claddmg gap conductance values are based on
RODEX2 (Reference 13) calculatlons for the LaSalle Unrt 2 Cycle 9 core configuration. -

31 System Transients LTl

System transient calculations have been performed to estabhsh thennal Irmlts to support L209
operation. Reference 9 identifies the potential llmrtlng events that need to be evaluated on @
cycle-specrﬁc basrs The potentrally llmmng tranS|ents for which SPC has analysis responsibility
" are the LRNB and FWCF events Other transrent events are either bound by the consequenoes
of one of lhe llmltmg transnents or are part of ComEd's analysis responsibility.

Reactor plant parameters for the system translent analyses are shown in Table 3.1 for the 100%
power/100% flow conditions, Additional plant parameters used rn the analyses are presented in
Reference 8. Analyses have been performed to deterrnlne power-dependent MCPR and LHGR
limits that protect operation throughout the | powerlflow dornaln deplcted in F'gune 1. 1 At

LaSalle, direct scram and recirculation pump high- to low—speed transfer on turblne stop valve N
(TSV) and turbine control valve (TCV) position are bypassed at power levels less than 25% of .-
rated. Reference 14 indicates that MCPR and LHGR llmlts need to be monitored at power levels .
greater than or equal to 25% of rated. As a result, all analyses used to establlsh base case .
MCPR; limits and LHGRFAC, multipliers are performed with both drrect scram and RPT
operable for power levels at or above 25% of rated.

Siemens Power Corporation
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The limiting exposure for rated power pressurization transnents is at end of full power (EOFP)
when the control rods are fully wﬂhdrawn Ofi-rated power analyses were performed at earlier
cycle exposures to ensure that the operating limits provide the necessary protection.

All pressurization transients assumed only the 11 highest set point safety relief valves (SRVs)
.were operable, consistent with the discussion in Section 7. In order to support operat:on with

1 SRV out-of-service, the pressurization transient analyses were performed with the lowest set

point SRV out-of-service, which makes a total of 10 SRVs available.

The term, recnrculatlon pump trip (RPT), is used synonymously with recirculation pump high- to
low-speed transfer as it apphes to pressurization transients. During the high- to low-speed
transfer, the recirculation Pumps trip off line and coast. When they reach the low-speed setting,
the pumps reengage at the low speed. The time it takes for the pumps to coast to the low-speed
condition is much longerthan the duration of the pressurization transients. Therefore, a
recirculation pump tnp has the same effect on pressurization transients as a recirculation pump

hlgh— to low-speed transfer

£
! v

Reductions in feedwater temperature of less than 20°F from the nominal feedwater temperature
are considered base case operation, not an EOOS condition. As discussed in Reference 9, the
reduced feedwater temperature is limiting for FWCF transients. As a result, the base case
FWCF results are based ona 20°F reduction in feedwater temperature.

The results of the system pressurization transrents are sensitive to the scram speed used in the
calculations. To take advantage of scram speeds faster than the TSSS insertion times
presented in Reference 14 scram speed-specrf'c MCPR; limits and LHGRFAC, multipliers are
provided. The NSS insertion times used in the analyses reported are presented in Reference 8
and reproduced in Table 3.2. The NSS MCPRp limits and LHGRFAC, multipliers can only be
applied if the scram speed survenllance tests meet the NSS insertion times. System transient
analyses were performed 10 establish MCPR, limits and LHGRFAC, multipliers for base case
operation for both NSS and TSSS insertion times.

3.1.1 Load Rejection No Bypass

The load rejection causes a fast closure of the turbine control valve. The resulting compression:
wave travels through the steam lines into the vessel and creates a rapid pressurization. The

Siemens Power Corporation
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" “increase in pressure causes a decrease in core vord whrch in tum causes a rapld increase in
. _power. The fast closure of the turbme control valve also causes a reactor scram and a

“ recrrculatron pump hrgh- to low-speed transfer whrch helps mrtrgate the pressurization effects.
" Turbine bypass system operatlon. whlch also mitigates the consequences, of the event, is not
”credrted The excursron of the core power due to the void collapse is terminated primarily by the
- reactor scram and revordmg of the core. The analysrs assumes 3-element feedwater level
control; however, manual- or srngle-element feedwater level oontrol will not srgnrt’ icantly affect

thermal limit or pressure results.

* The generator load fejection wrthout turblne bypass system (LRNB) is a more lrmrtrng transrent
“ than the turbine trip no bypass (TI'NB) transrent. The initial posrtron of the TCV is suoh that it

closes faster than the turbine stop valve. This more than makes up for any differences in the

. scram srgnal delays between the two events Thls has been demonstrated in calculatrons that

support the Reference 9 conclusron that the TTNB event is bound by the LRNB event.

LRNB analyses were performed for several powerl‘l'low condrtrons to support generatron of the
thermal limits. Table 3.3 presents the LRNB transient results for both TSSS and NSS insertion
times for Cycle 9. For illustration, Figures 3. 1-3 3 are presented to show the responses of °
various reactor and plant parameters dunng the LRNB event initiated at 100% of rated power
: and 105% of rated’ core flow with TSSS rnsertron trmes . )

- 3.1.2 °- - Feedwater Controller Farlure T

‘4*‘1 f">|

" The'i rncrease rn feedwater flow due to a _farlure of the feedwater control system to maximum, -
demand results in an mcrease ln the water level and a decrease in the coolant temperature at
the core rnlet The mcrease rn core rnlet subcoolrng causes an rncrease in core power. As the
feedwater flow contmues at maxrmum demand the water level wrll continue to rise and

‘ eventually reaches the hlgh water level‘tnp set pornt The mrtral water level is conservatively
‘assumed to be at the lower level operatmg range at 30 |nches .above instrument zero to delay -
the high level tnp and maxrmrze the E&Z lnlet subcoollng that results from the FWCF. The high
water level tnp causes the turbrne stop val\fes to close in order to prevent 'damage to the turbine
from excessive llqmd lnventory in the ste;m lrne The valve closures Create a compression wave
that travels to the core causlng a vord collapse and subsequent raprd power excursnon The ..
closure of the turbine vaives rnmates a reactor scram and a recirculation pump high- to low-

speed transfer. In addition, the turbine bypass valves are assumed operable and provide some
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pressure relief. The ‘core power excursion is mitfgated in parfby the pressure relief, but the
primary mechanisms for termination of the event are reactor scram and revoiding of the core.

FWCF analyses were performed for several power/flow conditions to support generation of the
thermal limits. Table 3.4 presents the base case FWCF transient results for both TSSS and

, NSS insertion times for, Cycle 8. F?:r illustration, Figures 3.4~3.6 are presented to show the
responses of various reactor and plant parameters during the FWCF event initiated at 100% of
rated power and 105% of rated core flow with TSSS insertion times.

3.1.3 Loss-of-Feedwater Heating

ComEd has the analysis responsibility for the loss-of-feedwater heating (LFWH) event at rated
conditions. At reactor power ig\“gels less than rated, the LFWH event is less limiting than the

LFWH event at rated conditions for the following reasons:

° At lower powerfflow conditions with other core conditions such as control rod patterns
and exposure unchanged, the initial MCPR is higher than the MCPR at rated power and
flow. This results in additional MCPR margin to the MCPR safety limit.

The possible change in feedwater temperature during an LFWH event decreases as the
reactor power decreases.

32  MCPR Safety Limit

The MCFR safety limit is defined as the minimum value of the critical power ratio at which the
fuel can be operated, with the expected number of rods in boilin:g transition not exceeding 0.1%
of the fuel rods in the core. The MCPR safety limit for all fuel in the LaSalle Unit 2 Cycle 9 core
was determined using the methodology described in Referenﬂce S. The effects of channel bow
on core limits are determined using a statistical procedure. The mean channel bow is
determined from the exposure of the fuel channels and measured channel bow data.
CASMO-3G is used to determine the effect on the local peaking factor diétribution. Once the
channel bow effects on the lobal peaking factors are determined, the impact on the core limits is
determined in the MCPR safety limit analysis. Further discussion of how the effects of channel
bow are accounted for is presente@l in} lieférenw 5. The main input parameters and
uncertainties used in the safety limit ahalyéié are listed in Table 3.5. The radial power «
uncertainty includes the effects af up to 2 TIPOOS or the equiva}ent number of TIP channels .

(100% available at startup), up to 50% of the LPRMs out-of-service, and an LPRM calibration
interval of 2500 EFPH as discussed in References 16 and 24. The channel bow local peaking.-
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uncertarnty is a function of the nomrnal and bowed local peaklng factors and the standard

- o
~ I3

‘ ‘Pdewatron of the measured bow data -

The determination of the safety limit expllcrtly includes the effects of channel bow and rehes on
the following assumptions: CE R

o Cycle 8 will not contain channels used for more than one fuel bundle lifetime.

K -The channel exposure at discharge will not exceed 48,000 MWd/MTU based on the fuel
bundle average exposure.

° . The Cycle 9 core contains all CarTech-supphed channels."

S‘Analyses were perfonned wrth mput parameters (rncludung the radral power and local peakrng
factor drstnbutrons) oonsrstent with eaoh exposure stepi rn the deslgn basis step-through. The
analysrs that produced the hrghest number of rods in borlrng transrtron | corresponds to a Cycle 8
‘ .“exposure of 15, 000 MWdIMTU The radral power dlstnbutron correspondrng to a Cycle ®
exposure of 15,000 MWdIMTU is shown in Frgure 3.7. Erght fuel types were represented in the
LaSalle Untt 2 Cycle ) safety limit analysrs four SPC ATRIUM-SB fuel types loaded in Cycle 2]
(SPCA9-391 B-14Ga 0-100M, SPCA9-41 OB—1 968 0-100M, SPCAS-383B-16G8.0-1 OOM, and-
SPCAS-396B-12GZ-100M); two ATRIUM-QB fuel types loaded in Cycle 8 (SPCA9-381B-13GZ7-
80M and SPCA9-3848-11G26-80M) and two GES fuel types loaded in Cycle 7 (GESB-

) PBCW8322-11GZ-1 00M—1 50 and GEQB-PBCWBBZD—QGZ-1 00M-150) N

The local power peaking factors, including the ‘effects of channel bow at 70% VOld and -
assembly exposures consistent with a Cycle 9 exposure of 15,000 MWdIMTU are presented in
- Figures 3.8 through 3.11 for the Cycle 8 SPC ATRIUM 9B fuel. The bowed local peakrng factor
.data used in the MCPR safety limit analysis for fuel type SPCA9-391B-14GB 0-1 OOM is at an

. assembly average exposure of 18,000 MWdlMTU The data for fuel types SPCA9-41OB-
19G8.0-100M and SPCA9-383B-16GB.0-1 OOM is at an assembly average exposure of
17,500 MWdIMTU The datais at an assembly average exposure of 15, 000 MWdIMTU for fuel

typeSPCA9-3968-1ZGZ-1OOM T

I Ly

RN AN

The results of the analysrs support a two-loop operatron MCPR' safety limit of 1 11and a srngle-

_ loop operation MCPR safety limit of 1.12 for all fuel types in the Cycle 9 core. These results are
applicable for all EOD and EOOS condrtrons presented in Table 1.1 and support startup with
uncalibrated LPRMs for an exposure range of BOC to 500 MWA/MTU .

Siemens Power Corporation
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3.3  Power-Dependent MCPR and LHGR Limits
Figures 3.12 and 3.13 present the. base ca_se operatlon TSSS ATRlUM-QB and GE9 MCPR;

e AT ST T I R e

limits for Cycle 9. Figures 3.14 and 3.15 pre present the ATRIUM-SB and GE9 MCPR; limits for
base case operation with NSS insertion times. The limits are based on the ACPR results from

the limiting system transjent analyses discussed above and a MCPR safety limit of 1.11.

Relative to the TSSS MCPR, limits, using the faster NSS insertion times provide lower MCPR,
limits.

The pressurization transient analyses provide the necessary information to determine
appropriate multipliers on the fuel desngn LHGR limit for ATRIUM-QB fuel to support off-rated
power operation. Appluztton of the LHGRFAC,, multipliers to the steady—state LHGR limit
ensures that the LHGR during AOOs mmated at reduced power does not exceed the PAPT
limits. The method used to calculate the LHGRFAC, multipliers is presented in Appendix A. The
results of the LRNB and FWCF analyses discussed above were used to determine the base
case LHGRFAC, multipliers. The base case ATRIUM-9B LHGRFAC,, multipliers for Cycle 9
TSSS and NSS insertion tlrnes are presented in Figures 3.16 and 3.17, respectively.

3.4  Flow-Dependent MCPR and LHGR Limits

Flow-dependent MCPR and LHGR limits are established to support operation at off-rated core
flow conditions. The limits are based on the CPR and heat flux changes experienced by the fuel
during slow flow excursions. Tne slow flow excursion event assumes a failure of the
recirculation flow control system such that the core flow increases slowly to the maximum flow
physically attainable by the equipment. An uncontrolled increase in flow creates the potential for
a s:gnrf cant increase in core power and heat flux. A conservatively steep flow run-up path was
detenmned starting at a low-power/low-flow state point of 58.1%F/30%F i increasing to the high-

power/hlgh-flow state point of 124.2%P/105%F.

MCPR; limits are determined for the manual flow control (MFC) mode of operation for both
ATRIUM-9B and GE9 fuel. XCOBRA is used to calculate the change in critical power ratio
during a two-loop flow run-up to the maximum flow rate. The MCPR; limit is set so that the
increase in core power resulting from the maximum increase in core flow is such that the MCPR
safety limit of 1.11 is not violated. Calculations were performed for several initial flow rates to

Siemens Power Corporation
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‘limit at the high-flow condition at the end of the ﬂow excursuon

Results of the MFC flow run-up analysis are presented in Table 3.6 for both the ATRIUM-QB

.and GE9 fuel. MCPR; limits that provide the required protection during MFC operation are
presented in Figure 2.1. The Cycle 9 MCPR, limits were established such that they support base

case operation and operation in the EOD, EOOS, and combined EOD/EOOS scenarios. The
MCPR,; limits-are valid for all exposure conditions during Cycle 9. Since a low- to high-speed
pump upshift is required to attain high-fiow rates, for initial core flows less than 30% of rated, the
limit is conservatively set equal to the 30% flow value. The MCPR; penalty described in
Reference 10 has been applied to the GE9 MCPR; limits shown in Figure 2.1. The penalty is a
function of core flow with a value of 0.0 at 100% of rated and increases linearly to 0.05 at 40%
of rated. The penalty continues to increase to 30% of rated core flow where a penaity of 0.06 is

applied.

SPC has performed LHGRFAC; analyses with:'the CASMO-3G/MICROBURN-B core simulator
codes. The analysis assumes that the recirculation flow increases slowly along the limiting rod
line to the maximum flow physically attainable by the equipment. A series of flow excursion
analyses were performed at several exposures throughout the cycle starting from different initial
power/flow conditions. Xenon is assumed to remain constant during the event. The LHGRFAC,
multipliers were established to ensure that the LHGR during the flow run-up does not violate the
PAPT LHGR limit. Since a low- to high-speed pump upshift is required to attain high-flow rétes.
for initial core flows less than 30% of rated, the LHGRFAC; multiplier is conservatively set equal
to the 30% flow value. The LHGRFAC; values :as a function of core flow for the ATRIUM-9B fuel
are preéented in Figure 2.2. The Cycle 9 LHGRFAC, multipliers were established to support
base case operation and operation in the EOD EOOS, and combined EOD/EOQOS scenarios for

all Cycle 9 exposure conditions.

3.5 Nuclearinstrument Response

The impact of loading ATRIUM-9B fuel into the LaSalle core will not affect the nuclear
instrument response. The neutron lifetime is an\: important parameter affecting the time response
of the incore detectors. The neutron lifetime is a function of the nuclear and mechanical design
of the fuel assembiy. the in-channel void fraction, and the fuel exposure. The neutron lifetimes
are similar for the SPC and GE LaSalle fuel with typical values of 39(10°) to 40(10®) seconds
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for the ATRIUM-9B lattices and 41(1 b‘) to 43(10°) seconds for the GED9 Iattices as calculated
with the CASMO-3G code at core average void and exposure conditions. Therefore, the neutron
lifetimes for a full core of ATRIUM-9B fuel, a mixed core of ATRIUM-9B and GE9 fuel, and a full

core of GES fuel are essentially equivalent.

Siemens Power Corporation
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(o T m===-==Table 311 LaSalle Unit 2 Plant Conditions
at Rated Power and Flow

D

-~ s

H - " e
H .

N Reacto[thgnnalhpbwexlﬂ[k 3489 MWt
" Totalcoreflow - | 108.5 Mibm/r

’ B Core active flow - .- 93.7 Mibm/hr

_ — - Core bypass flow*- -~ -1 14.8Mbm/hr — * 77~
*_Core inlet enthalpy .- - | 523.9 Btw/lbm

_ " Vesselpressures .. — - | - --

.. . Steamdome - 1001 psia
- -~ -~ - - Core exit (upper-plenum) | 1013 psia

© . Lower-plenum --- [ 1038 psia

" “Turbine pressure *© - | 848 psia o
Feedwater /steam flow' | 15.145 Mibmr
Feedwater enthalpy 406.6 Btu/ibm
Recirculating pump flow 15.83 Mibm/hr
(per pump)
Core average gap '- 1162 Btwhr-ft>-°F
coefficient (EOC) )

.

* Includes water channel fiow.

Siemens Power Corporation
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L

--——Table 3.2. Scram Speed Insertion Times—-— .- . ..

. Control Rod TSSS NSS
" Position Time Time
(notch) (sec) (sec)

48 (full-ouf) 0.000 0.000
48* ' 0.200* 0.200*

45 ' 0.430 0.380

- 39 0.860 0.680

25 4 1.930 1.680

5 3.490 2.680

O (fulkin) 3.880 2.804

* Asindicated in Reference 8, the delay between scram signal and control rod motion is conservatively
modeled. Sensitivity analyses indicate that using no delay provides slightly conservative results
(Reference 22).

Siemens Power Corporation
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—— &ableﬁ.&éOCﬁér&éase‘tRNB"I’fa‘nsient Results
R S I . Peak " Peak
Power/ ATRIUM-SB | ATRIUM-9B | .. GE9 -|-Neutron Flux | Heat Flux
Flow ACPR LHGRFAC, |- -ACPR (% rated) (% rated) -
) _ - TSSS Insertion Times )
71007105 | -- 030 1.01 . 0.40 422 127
1007100 . 020" | . 1.0 039 | . 431 128
100781 0.28 ©1.01 038 _| - .437 126. .
807105 0.29 "1.04 '039. | . - 324 7100 -
80/57.2 . 0.29 < 1.05 039 | " 265 . .| 96-
607105 - 0.27 ©71.06 ! 0.36 245 . ‘73
'60/35.1 017 @ [ 113 021 | . ‘e 63
" 407105 | 0.23° 113’ 027 100° . . 46*
T251105 0.17 122 0.1 44° 27
o UL NSS Insertion Times L '
1007105 0.28 v102 ., | - 037 380 . .| 124
00781 | 0.22 ~ 103 ' | “030 | 358 - 120.
"sor10s | 027 'j1:.04 ' | .03 | 302.. | ‘e8
" 80/572 . | - 020 -1.00 ! | 7 026 218 80"
T 607105 - | - 026 ~1:07 | ' 0.35 236 . |. 73 ..
" 60/351 | --0413 118 '] 014 .76 . |. e0"
407105 ;| -0.20 ‘1.4 ¢ | Toz27 115 a7
" 257105 B XTS 122 0.17 42 27

-

> -
v

" I

*  The analysis results are from an earlier cycle exposure. The ACPR and LHGRFAC, results are
conservatively used to establish the thermal limits.

Siemens Power Corporation
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Table 3.4 EOC Base Case FWCF Transient Results

SRR e Ee T e =t

' Peak Neutron Peak
W Power/ ATRIUM-9B | ATRIUM-SB GE9 - Flux Heat Flux
Flow ACPR LHGRFAC, ACPR . . (% rated) (% rated) -
TSSS Insertion Times
100/ 105 0.25 1.09 0.31 298 123
100/ 100 0.24 1.11 0.31 288 122
100/ 81 023 1.09 0.28 285 121
807105 0.28 1.07 0.35 253 101
80/57.2 0.19 1.16 0.23 154 91
607105 0.35* 1.02* 0.41 154° 77
60 /35.1 0.11 125 | 0.14 74 63
407105 0.51° 0.84* . 0.57* 104* 5g*
25/105 0.80" 0.79" 0.88" 69* 44°
-NSS Insértion Times -

1007 105 0.23 110 0.29 263 120
100/ 81 0.18 111 0.22 237 116
80/ 105 0.27 1.10 . 0.33 235 99
80/57.2 0.15 120 .| o017 131 88
60/105 0.33 1.05* 0.40 188 79
60/ 35.1 0.11 128 . 0.13 65 63
407105 0.48° 095 .| o055 96° 57*
257105 0.78° 0.79* 0.86* 66" 44°

* The analysis results are from an earlier cycle exposure. The ACPR and LHGRFAC, results are
conservatively used to establish the thermal limits. :

Siemens Power Corporation
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" -Table-3.5-Inputfor MCPR-Safety Limit ARalysis
- . - Fuel-Related Unéertain’gies:;:
S Source © Statistical
Parameter - - -Document - Treatment
ANFB comelation* = .. . .f.l . S
ATRIUM-9B , Reference 17 . _ Convoluted
GES9 . - "| Reference 12 - Convoluted
Radial power -~ -~ - Refefences 16 and21 Convoluted
Local peaking factor -~ - - | References ) Convoluted
Assembly flow rate (mixed core) - Reference 5 T Convoluted
Channel bow local pealiing : Function of nominal and bowed local | Convoluted
T peaking and standard deviation of
7 7T =7 | bow data (see Reference 18)
- 'Nominal Values and
Plant Measurement Uncertainties

| Uncertainty (%) Statistical
Parameter \{alue (Reference 8) Treatment
Feedwater flow rate’ (Mibm/hr) 22.4 1.76 Convoluted
Feedwater temperature (°F) . 4265 0.76 Convoluted
Core pressure (psia) 1031.35 0.50 Convoluted
Total core flow (Mibm/hr) 113.9 2.50 Convoluted

Core power! (MWith) 5167.28 — —

Wy

* Additive constant uncertainties values are used.

' Feedwater fiow rate and core power were increased above design values to attain desired core MCPR
for safety limit evaluation consistent with Reference & methodology

Siemens Power Corporation
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Table 3.6 Flow-Dependent MCPR Results

.. 105%
E ' Core - Maximum Core Flow
Flow - -
(% rated) . GE9 ATRIUM-9B
30 - 1.52 1.52
40 1.46 1.46
50__ 1.41 1.42
60 1.37 -~ 1.38 .
70 1.31 1.32
80 1.26 1.27
90 1.20 1.21
100 1.14 1.14
105 1.11 1.11

Siemens Power Corporation
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Figure 3.2 EOC Load Rejection No Bypass
at 100/105 ~ TSSS Vessel Water Level
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Figure 3.4 EOC Feedwater Controller Failure
at 100/105 - TSSS Key Parameters
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Control Rod Corner
0
n
"t | 1.052 | 1.045 | 1.088 | 1.088 | 1.104 | 1.079-| 1.068 | 1.013 | 1.005
r . .
(o]
' | 1.045 | 0.951 | 1.019 0.996 | 0.852 | 0.986 | 0.998 | 0.914 | 0.991
R
o]
d | 1.088 [ 1.019 | 1.001 | 1.059 | 1.089 | 1.051 | 0.982 | 0.981 | 1.027
c
© | 1.088 | 0:996 | 1.059 0.905 | 0.957 | 1.050
n Internal
e Water
r | 1.104 | 0.852 | 1.089 1.068 | 0.807 | 1.035
Channel
1.079 | 0.986 | 1.051 ’ 1.025 | 0.942 | 1.039
1.068 | 0.9%8 | 0.982 | 0.905 | 1:.068 | 1.025 | 0.811 | 0.954 | 1.00s
1.013 | 0.914 | 0.981 | 0.957 | 0.807 | 0.942 | 0.954 0.874 | o0.957
1.005 | 0.881 | 1.027 [ 1.050 | 1.035 | 1.039 | 1.005 | 0.957 | 0.956
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Figure 3.8 LaSalle Unit 2 Cycle 9
Safety Limit Local Peaking Factors

SPCA9-391B-14G8.0-100M With Channel Bow
(Assembly Exposure of 18,000 MWd/MTU)
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‘Figure 3.9 LaSalle Unit2 Cycle 8

. Safety Limit Local Peaking Factors
SPCA9-410B-19G8.0-100M With Channel Bow

(Assembly Exposure of 17,500 MWd/MTU)
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Figure 3.10 LaSalle Unit 2 Cycle 9
Safety Limit Local Peaking Factors

SPCAS-383B-1 6G8.0-100M With Channel Bow
(Assembly Exposure of 17,500 MWd/MTU)
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Figure 3.11 LaSalle Unit2 Cycle 9 -

"7 - Safety Limit Local Peaking Factors -~
SPCAY9-396B-12GZ-100M With Channel Bow
(Assembly Exposure of 15,000 MWdMTU)
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Figure 3.14 EOC Base Case Power-Dependent MCPR Limits for
ATRUM-9B Fuel - NSS Insertion Times
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Figure 3.16 EOC Base Case Power-Dependent LHGR Multipliers for
ATRUM-9B Fuel - TSSS Insertion Times
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4 0 Transient Analysis for Thermal Matgln Extended Operating Domaln
ThlS secllon descnbes the development of the MCPR and LHGR limits to support operation in

the followmg extended operalmg domalns ye

e lncreased core flow (ICF) to 105% of rated flow.

""e .-~ Powercoastdown to 40% of rated power.

° Final feedwater temperature reduction (Fl'-'TR) of up to 100°F and with ICF. Since FFTR
is typically used in connection with coastdown, analyses were performed to supporl

combined FFTR/coastdown operation. . - ..

Results of the limiting transient analyses are used to determine appropnate MCPR, hmlts and
LHGRFAC, multipliers for ATRIUM-9B and GES fuel to support operatlon in the EOD scenarios.
- MCPR; limits are established for both ATRIUM-9B and GES fuel whlle LHGRFAC, multlpllers

- are only established for the ATRIUM-9B fuel - )

PR
-~

U -

As dlscussed m Reference 9, the MCPR safety Ilmtt analysns for the base case remains valid for
operatlon in the EODs dlscussed below Also the flow-dependent MCPR and LHGR analyses
descnbed in Sectlon 3 4 were perfonned such that the results are applicable for all the EODs.

41  IncreasedCore Flow =~~~ " ’ ] T

The baseé case ar{a‘ljs’eshﬁrefsented in Section 3.0 were pe';fonneél to:suppon operation in the
power/flow domain presented in Figure 1.1, which includes ope‘ration in the ICF region. The
coastdown and combined FFTR/coastdown analyses are performed in conjunction with ICF to
conservatively maximize the exposure at which a given power level can be attained. As a resutt,
the analyses performed support operation in the ICF extended operating domain for all

exposures.

4.2 -Coastdown Analysis

Coastdown analyses were performed to ensure that appropriate MCPR, limits and LHGRFAC,
multipliers are applied to support coastdown operation. The analyses were performed for
coastdown operation to 40% of rated power using a conservative coastdown rate equivalent to a
10% decrease in rated power per 1000 MWd/MTU increase in exposure. An additional

1000 MWd/MTU was added to the EOFP exposure prior'to the start of coastdown to provide
operation support for operation at up to 10% of rated power above the equilibrium xenon
coastdown power level. The MCPR; limits and LHGRFAC,, multipliers are based on results of

Siemens Power Cornaration
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l:RNB and. FWCF analyses. The analyses were performed at cycle exposures consistent with
the assumed coastdown rate. This corresponds to the high'est exposure at which the power can
be obtained. The base case coastdown ACPRs for both the ATRIUM-9B and GE9 fuel as well
as the ATRIUM-SB LHGRFAC; resuits are presented in Table 4.1 for the indicated pov;/erlflow
conditions. The ATRIUM-9B MCPR, limits and LHGRFAC, multipliers for coastdown operation
are presented in Figures 4.1 and 4.2. The GE9 coastdown MCPR; limits are presented in

Figure 4.3,

4.3 Combined Final Feedwater Temperature Reduction/Coastdown

Analyses were performed to support FFTR with thermal coastdown to ensure that appropriate
MCPR; limits and LHGRFAC, multipliers are established. The combined FFTR/coastdown
analysis used a 100°F feedwater temperature reduction applied at EOFP to extend full thermal
power operation. The coastdown exposure extension discussed in Section-4.2 (1000 MWd/MTU
to support operation at up to 10% of rated power above the equilibrium xenon power level) was
then applied. LRNB and FWCF analyses were performed to establish MCPR; limits and
LHGRFAC, multipliers. The Cycle 9 FFI'RIcoathdown ACPR results for both ATRIUM-9B and
GES9 fuel as well as the LHGRFAC;, results are bre;énted in Table 4.2 for the indicated power
flow conditions. The ATRIUM-9B MCPR; limits and LHGRFAC, multipliers for combined
FFTR/coastdown operation are presented in Figures 4.4 and 4.5. The GES coastdown MCPR,

limits are presented in Figure 4.6.

Siemens Power Cnmaration
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Table 4.1:Coastdown Opemt;on
Transient Results
_ Power/ Flow -~ - ATRIUM GE9
- (% rated / —
" Event % rated) . --ACPR- LHGRFAC, - ACPR
LRNB 100 / 105 031 100 | o041
. 'LRNB | 807105 - ---0.32" 1.00 1035
'LRNB 60 / 105 --0.31 0.99 0.35
LRNB 407105 031 0.96 0.31
__LRNB. 26 / 105 049+ - 113 -~ | o048
JFWCF | 1007105 - 0.26 1.08 | 032
_FWCF .| 807105 - -029 - "1.08 031
_FwcF | 607105 0.34 1,08 ' 036
_FWCF. |  40/105 - 0.44 - 112 044
FWCF | 257105 086 1.08 " 0.88

Siemens Power Corporation
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“ Table 4.2 FFTR/Coastdown Operation
Transient Results -
Power/ Flow. ATRIUM GE9
(% rated /

Event % rated) ACPR LHGRFAC, ACPR

LRNB 100/ 105 0.26 1.04 0.29

LRNB 80 /-105- 0.25 1.04 0.30

LRNB 60 /105 0.27 1.01 0.28

LRNB 40/ 105 0.25 0.99 0.25

LRNB | 257108 0.14 1.18 0.15

FWCF 100/ 106 0.26 1.09 0.28

FWCF 80/ 105 0.30 1.09 0.33

FWCF 60/ 105 - 0.37 1.09 0.40

FWCF 40 /105 0.50 1.07 0.50

FWCF . 257105 1.10 0.95 1.12

Siemens Power Corporation
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50 Transient Analysis for Thermal Margin - Equipment Out-of-Service
This section describes the development of the MCPR and LHGR operatmg limits to support

operation with the following EOOS scenarios:

Feedwater heaters out-of-service (FHOOS) —~ 100°F feedwater temperature reduction.

""o~ ' 1recirculation pump loop (SLO).

. Turbine bypass system out-of-service (TBVOOS)
° Recirculation pump trip out-of-service (No RPT).
. Slow closure of 1 or more turbine control valves.

Operation with 1 SRV out-of-service, up to 2 TIPOOS (or the equivalent number of TIP
channels) and up to 50% of the LPRMs out-of-service is supported by the base case thermal
limits presented in Section 3.0. No further discussion for these EOOS scenarios ls presented in
this section. The EOOS analyses presented in thls section also lnclude the same -EOOS

scenarios protected by the base case llmlts

Results of the limtting transient analyses are used to establish appropriate MCPR, limits and
LHGRFAC,, multlpllers to support operation in the EOOS scenarios. All EOOS analyses were -

performed with TSSS insertion times.

As discussed in Reference 9, the base case MCPR safety Ilmrt for two-loop operatlon remams
apphcable for operation in the EOOS scenarios dlscussed below thh the exceptlon of srngle-

loop operation. Also, the ﬂow-dependent MCPR and LHGR analyses descnbed in Sectlon 34
were performed such that the results are appllcaole rn all the EQOS_.scenanos.

e

5.1  Feedwater Heaters Out-of-Service (FHOOS)

The FHOOS scenario assumes a 100°F. reductron in the feedwater temperature. Operation with "
FHOOS is similar to operation with Fl-'l' R except that the reduction i in feedwater temperature
due to FHOOS can occur at any trme dunng the cycle The effect of the reduced feedwater .
temperature is an increase in the core subcoolmg whtch can change the power shape and core
void fraction. While the LRNB event is Iess severe dué to the decrease in steam flow, the FWCF }
event can get worse due to the increase in core mlet subcoolrng FWCF analyses were
performed for Cycle © to determine thermal llmrts to' support operatron wrth FHOOS The ACPR .
and LHGRFAC,, results used to develop the EOC operatrng limits with FHOOS are presented in
Table 5.1. The EOC MCPR,; limits and LHGRFAC, multipliers for ATRIUM-9B fuel for FROOS




EMF-2440

LaSalle Unit 2 Cycle 8 ) Revision 0
Plant Transient Analysis _Page 5-2

operation are presented in Figures 5.1 and 5.2, and the EOC FHOOS GE9 MCPR; limits are

presented in Figure 5.3.

5.2  Single-Loop Operation (SLO)

5.2.1 Base Case Operation

The impact of SLO at LaSalle on thermal limits was presented in Reference 9. The only impact
is on the MCPR safety limit. As presented in Section 3.2, the singie-loop operation safety limit is
0.01 greater than the two-loop operating limit (1.12 compared t0 1.1 1). The base case ACPRs
and LHGRFAC, multipliers remain applicable. The net result is an increase to the base case
MCPR; limits of 0.01 as a result of the increase in the MCPR safety limit.

522 Idie Loop Startup

The MCPR; limits and LHGRFAC, multipliers for the startup of an idle recirculation pump are
based on the results of the abnormal startup of the idle recirculation loop analysis and the SLO
MCPR safety limit analysis. As discussed in Section 3.2, the single-loop operation safety limit is
1.12 or 0.01 higher than the two-loop operation !'imit. The process used for the abnormal stariup
of the idle recirculation loop analysis for L2C9 is:presented in Reference 20. The responses of
the system parameters for the L2C9 analysis are consistent with those presented in Reférenée
20. The Reference 20 results demonstrated that the lowest power (35%P/47%F) conditions
provide conservative results. Sutiseqixently, the L2C9 analyses were performed at 35%P/47%F.
The limiting exposure was determined to be BOC. The ACFR and LHGRFAC, results for the
abnormal startup of the id[e' recirculation loop are: presented in Table 5.2. Figures 5.4 and 5.5

- present the ATRIUM-9B MCPR,, limits and LHGRFAC, multipliers for idle loop startup. The GE9
MCPR; limits for idle loop startup are presented in Figure 5.6.

53  Turbine Bypass Valves Out-of-Service (TBVOOS)

The effect of operatioﬁ with TBVOOS is a reduction in the system pressure relief capacity,

which makes the pressurization events more sev.é,re. While the base case LRNB event is
analyzed assuming the .turbiney bypass system out-of-service, operation with TBVOOS has an
effect on the FWCF event. The FWCF event was evaluated for LaSalle Unit 2 Cycle 9 to support
operation with TBVOOS. The ACPR and LHGRFAC, results used to develop the EOC operating
limits with TBVOOS are presented in Table 5.3. The EOC MCPR, limits and LHGRFAGC,

Siemens Power Corporation
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multipliers for ATRIUM-9B fuel for TBVOOS operatlon are presented in Flgures 5 7 and 5.8, and
the EOC TBVOOS GES MCPR, limits are presented in Flgure 59. :

54 Recrrculation Pump Trip Out-of-Servrce (No RPD

Thus section summanzes the development of the thermal lrmrts to support operatlon with the

- EOCRPT lnoperable When RPT is moperable. no credit for tnppmg the recirculation pump on
TSV posrtron or TCV fast closure i is assumed The function of the RPT feature is to reduce the
severity of the core power excursnon caused by the pressunzatron transient. The RPT
accomplishes this by helping revoid the core, thereby reducing the magnitude of the reactivity
insertion resulting from the pressurization transient. Failure of the RPT feature can result in
higher operatmg llmrts because of the hlgher positive reactivity in the core at the time of control

rod lnsertlon

Analyses were performed for LRNB and FWCF events assuming no RPT. The ACPR and
LHGRFAC, results used to develop the EOC operating limits with no RPT are presented in " <
Table 5.4. The EOC MCPR;, limits and LHGRFAC, multipliers for ATRIUM-9B fuel for operatron

- with no RPT are presented in Figures 5.10 and 5.11, and the EOC no RPT GEQ MCPR,, llmrts are

presented in Figure 5.12.

55 Slow Closure of the Turbine Control Valve

LRNB analyses were performed to evaluate the impact of a TCV slow closure Analyses were
performed closing 3 valves in the normal fast closure mode and 1 valve in20 seconds Results
provided in Reference 23 demonstrate that performmg the analyses with 1 TCV closmg in
2.0 seconds protects operatron thh up to 4 TCVs closrng slowly Sensrtrvrty analyses below
80% power have shown that the pressure rellef provnded by all4 TCVs closmg slowly can be
sufficient to preclude the high-flux scram set pornt fromi being exceeded. Therefore, credit for
high-flux scram is not taken for anzlyses at 80% power and below. The 80% power TCV slow
closure analyses were performed both with and without high-flux scram credited. The ACPR and

LHGRFAC, results of the analyses performed are presented in Table 5.5.

The MCPR; limits and LHGRFAC, multipliers are established with a step change at 80% power.
At B0% power, the lower-bound MCPR, limits and upper-bound LHGRFAC, multipliers are
based on the analyses which credit high-flux scram; the upper-bound MCPR, limits and lower- '
bound LHGRFAC, multipliers are based on analyses which do not credit high-flux scram. While

-~ e P e PV eallam
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the TCV slow closure analysis is performed without RPT on valve position, it does not
necessarily bound the LRNB no RPT or FWCF no RPT events at all power levels because the
slow closing TCV provides some pressure relief until it completely closes. Therefore, the MCPR,
limits and LHGRFAC, multipliers for the TCV slow closure EOOS scenario are established using
the limiting of the no RPT results reported in Section 5.4 and the TCV slow closure results.

The EOC MCPR, limits and LHGRFAC, multiplier; for ATRIUM-9B fuel for operation with TCV
slow closure are presented in Figures 5.13 and 5.14 and the EOC TCV slow closure GE9
MCPR; limits are presented in Figure 5.15. The limits presented in Figures 5.13 through 5.15

protect the scenario of all 4 TCVs closing slowly.

5.6 Combined FHOOS/TCV Slow Closure and/or No RPT

MCPR, limits and i:HGRFACp multipliers were established to support operation with FHOOS,
TCV slow closure and/or no RPT. The TCV slow closure ACPR and LHGRFAC, results with
FHOOS become less limitipg than the TCV slow closure event with nominal feedwater
temperature since the initial steam flow with FHOOS is lower and produces a less severe
pressurization event..Subsequently. no TCV slox'fv closure with FHOOS analyses were
perforrﬁed. The TCV slow closure results with nominal feedwater temperature are considered in
determining the combined FHOOS/TCV slow closure and/or no RPT MCPR,; limits and
LHGRFAC, multipliers. The limits were developéa based on the limiting of either the TCV slow
closure analysis results discussed in Section 5.5 or the analyses with both FHOOS and no RPT

presented in Table 5.6.

The EOC MCPR, limits and LHGRFAC, muttipliers for ATRIUM-9B fuel with FHOOS/TCV slow
closure and/or no RPT are breséi?téd in Figures 5.16 and 5.17, and the EOC GE9 MCPR, limits
for the same EOOS scenario are presented in Fig'.ure 5.18. The limits presented in Figures 5.16
through §.18 protect the scenario of all 4 TCVs désing slowly.

'
]
i

Siemens Power Corporation
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Table 5.1 ‘EOC Feedwater Heater
. Out-of-Service Analysis Results
“Power/Flow | ., ATRIUM _ GES
- (% rated / — T
Event " % rated) ACPR ' | LHGRFAG, .| - ACPR
FWCF | 100/105 “o26 | 1.08° 0.31
FWCF 100/ 81 0.23 1.11 0.28
FWCF 807105 0.30 1.03* 0.36
FWCF 60/105 0.40* 0.97" 0.46*
- FWCF 407105 0.62* 0.87* 0.69* <
FWCF | 25/105 1.03* 0.69° 1.11°

*  The analysis results presented are from an earier cycle exposure. The ACPR and LI-iGRFAC,
results are conservatively used to establish the thermal limits.

Siemens Power Corporation
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Table 5.2 Abnormal Recirculation Loop

Startup Analysis Results
Power / Flow FCvV ATRIUM-9B
(% rated / ' Position ' ‘
% rated) ~ ] ACPR* LHGRFAC,
35/47 27% open 1.46' 0.42!

ACPR results for ATRIUM-9B fuel are conservatively applicable for GE9 fuel.

The analysis results presented are from an earlier cycle exposure. The ACPR and LHGRFAC,
results are conservatively used to establish the thermal limits.

t

Siemens Power Corporation
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Table 5.3 EO"C T;erine Bypaés Valves
\ Out-of-Service Analysis Results
7| PoweriFlow | -~ ATRUM | -GE®
L (% rated / —
Event % rated) -ACPR - LHGRFAC, ACPR
FWCF 1007105 | -0.32 102 "~ 0.41
" FWCF 100/ 81 0.31 0.99° 0.41
" " FWCF | 80/105 035 1.00° 0.45
" eweF | sossz2 | 03t 1.05 0.41
FWCF | 807105 | T o4r | o | o8
FWCF | '60/35.1 8 | 144 | o025
FWCF 40/105 | "~ ose | o0s0v |; .06
“"FWCF | 257105 - osr oze~.. - |! oer

*  The analysis results presented are from an eariier’cfcle éxpoéufe. The ACPR and LHGRFAC,
results are conservatively used to establish the thermal limits.

Rismone Pruwer Camnralinan
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o o o 'l;;gle 5.4 EOC Recirculation Pump Trip
Out-of-Service Analysis Results
Power / Flow ATRIUM GE9
. (%rated/

Event % ratgd) ACPR LHGRFAC, ACPR

LRNB 100/ 105 - 0.40 0.89 0.50

LRNB 100/ 81 0.32 0.91 0.47

LRNB 807105 0.35 . 0.94 0.47

LRNB 80/57.2 0.30 0.97 0.44

LRNB 607105 10.32 0.99 0.44

FWCF 1007105 0.31 0.87 0.40

FWCF 100/ 81 o.és 0.99 0.35

FWCF 80/ 105 0.33 1.00° 0.43

FWCF 60/ 105 0.38 0.97* 0.48

FWCF 407105 0.51‘ 0.91* 0.59*

FWCF 25/105 0.78* 0.79* 0.87*

* The analysis results presented are from an earlier
results are conservatively used to establish the the

Siemens Power Corporation

cycle exposure. The ACPR and LHGRFAC,
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- Table 5.5 EOCTurblne Control Valve

. Slow Closure Analysis Resuits

... Slow Power / Flow ATRIUM-9B GES
. - Valve ... - (% rated/ - :

Event Characteristics | %rated) - |- ACPR '|LHGRFAC, | ACPR
LRNB [ 1TCV closingat 2.0 sec | 100/105* 042 | o083 | o052
LRNB .| 1TCV closingat 2.0 sec:.| 100/81* 033 | 097 | o049
""LRNB | 1TCV closing at 2.0 sec -|- 807105* 040 | ‘06 0.49
"LRNB .| 1TCV closingat 20 sec .| 80/57.2" 050 | o087 | 073
"LRNB. | 1TCV closing at 2.0; sec - |+ 807108 052 | o0.86* 0.62
LRNB | 1TCV closingat 2.0 sec | 80/57.2¢ 0.58 0.92* 0.84
LRNB 1TCV closing at 2.0 sec 60/ 105! 0.61} 0.83* 0.71%
LRNB 1TCV closing at 2.0 sec ' 60/35.1" 0.63* 0.94* 0.86
LRNB 1TCV closing at 2.0 sec . 40/ 108! 0.78 0.773 0.84
LRNB 1TCV closing at 20 sec | ' 257105 0.99 0.70* 0.7

Scram initiated by high-neutron fiux. )
T Scram initiated by high dome pressure °
*  The analysis results presented are from an earlie

results are conservatively used to establish the thermal limits.

Siemens Power Corporation
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W' .
Table 5.6 EOC Recirculation Pump Trip and
Feedwater Heater Out-of-Service Analysis Results
Power / Flow ATRIUM-9B GES
(% rated /
Event % rated) - ~ ACPR LHGRFAC, ACPR
FWCF 100/ 105 0.30 0.98 0.39
FWCF 100/81 0.25 1.03 0.33
FWCF 807105 0.35 0.98* 0.43
FWCF 60/ 105 0.42 0.94* 0.51
FWCF 40/ 105 0.61* 0.85* 0.70*
FWCF 257105 1.01° 0.68* 1.09°

* The analysis results presented are from an earlier cycle exposure. The ACPR and LHGRFAC, results
are conservatively used to establish the thermal limits.

Siemens Power Corporation
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110

Figure 5.1 EOC Feedwater Heaters Out-of-Service
Power-Dependent MCPR Limits for ATRIUM-9B Fuel
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Figure‘ 5.5 Abnormal Idie Recirculation Loop Startup
Power-Dependent LHGR Multipliers for ATRIUM-9B Fuel
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Figure 5.7  EOC Turbine Bypass Valves Out-of-Service
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Figure 5.10 EOC Recirculation Pump Trip Out-of-Service
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MCPR Limits for ATRIUM-9B Fuel




EMF-2440

LaSalle Unit 2 Cycle 8 Revision 0
Plant Transient Analysis .____Page 5-24
1.30
1.25 - L4 S:mTCVDwn
* LRNB NoRPT
120 ® FWCF NoRPT
1.15 4 ——LHGRFACP
1.101
1.05 1
§ 1.00 1 : ; :
§ 0.95 1 o : .
050 1 * .
0.85 - .
0.80 - L] .
075 1
aro
085 ;
0.80 .
0 10 2 2 40 " 0 60 7 0 %0 100 110
Power (MWth)
Power LHGRFACp
(%) . Muttiplier
100 ' 0.88
80 ' 0.89
80 , 0.86
25 ' 0.70
- 25 B 0.70
0 0.70

i

Figure 5.14 EOC Turbine Control Valve Slow Closure and/or
Recirculation Pump Trip Out-of-Service Power-Dependent
LHGR Multipliers for ATRIUM-9B Fuel
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Figure 5.16 EOC Turbine Control Valve Slow Closure and/or
Recirculation Pump Trip and Feedwater Heaters Out-of-Service
Power-Dependent MCPR Limits for ATRIUM-9B Fuel
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Figure 5.17 EOC Turbine Control Valve Slow Closure and/or
Recirculation Pump Trip and Feedwater Heaters Out-of-Service
Power-Dependent LHGR Multipliers for ATRIUM-9B Fuel
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Figure 5.18 EOC Turbine Control Valve Slow Closure and/or
Recirculation Pump Trip and Feedwater Heaters Out-of-Service
Power-Dependent MCPR Limits for GE9 Fuel
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