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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT

Please Read Carefully

The only undertaking of General Electric Company respecting information in this
document are contained in the contract between the Temnessee Valley Authority
and General Electric Company and nothing contained in thig document shall be
congtrued as changing the contract. The use of this information by anyone other
than the Tennessee Valley Authority or for any purpose other than that for which
it i8 intended, is not authorized; and with respect to any unauthorized use,
General Electric Company makes no representation or warranty, and assumes no
ligbility as to the completeness, accuracy, or usefulness of the information
eontained in this document.
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1. INTRODUCTION

The purpose of this document is to provide the results of the loss-of-coolant
accident (LOCA) analysis for the Browns Ferry Nuclear Plant Unit 2 (BF-2).
The analysis was performed using approved General Electric (GE) calculational

models.

This reanalysis of the plant LOCA is provided in accordance with the NRC require-
ment (Reference 1) and to demonstrate conformance with the ECCS acceptance
criteria of 1OCFR50.46. The objective of the LOCA analysis contained herein is

to provide assurance that the most limiting break size, break location, and

single failure combination has been considered for the plant., The required
documentation for demonstrating that these objectives have been satisfied is given
in Reference 2, The documentation contained in this report is intended to satisfy

these requirements.

The general description of the LOCA evaluation models is contained in Reference 3.
Recently approved model changes (Reference 4) are described in References 5 and 6,
These model changes are employed in the new REFLOOD and CHASTE computer codes
which have been used in this analysis. In addition, a model which takes into
account the effects of drilling alternate flow path holes in the lower tieplate
of the fuel bundle and the use of such fuel bundles in a full or partial core
loading 1is described in References 7, 8, and 9. This model was also approved

in Reference 4, Also included in the reanalysis are current values for input
parameters based on the LOCA analysis reverification program being carried

out by GE. The specific changes as applied to BF-2 are discussed in more

detail in later sections of this document.

Plants are separated into groups for the purpose of LOCA analysis (Reference 10).
Within each plant group there will be a single lead plant analysis which provides
the basis for the selection of the most limiting break size yielding the highest
peak cladding temperature (PCT), Also, the lead plant analysis provides an
expanded documentation base to provide added insight into evaluation of the
details of particular phenomena. The remainder of the plants in that group will
have non-lead plant analyses referenced to the lead plant analysis. This

document contains the non-lead plant analysis for BF-2, which is a BWR/4
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with low pressure coolant injection (LPCI) system modification group plant and
is consistent with the requirements outlined in Reference 2.

The same models and computer codes are used to evaluate all plants. Changes to
these models will cause changes in phenomenological responses that are similar
within any given plant group. The difference in input parameters are not expected
to result in significantly different results for the plants within a given group.
Emergency core cooling system (ECCS) and geometric differences between plant
groups may result in different responses for different groups but within any group
the responses will be similar. Input changes have been made in the new analysis
which are essentially an upgrading of the input parameters to the computer codes.
Thus, the lead plant concept is still valid for this evaluation.

1-2
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2, LEAD PLANT SELECTION

Lead plants are selected and analyzed in detail to permit a more comprehensive
review and eliminate unnecessary calculations. This constitutes a generic
analysis for each plant of that type which can be referenced in subsequent plant

submittals.

The lead plant for BF-2 is James A. FitzPatrick Nuclear Power Plant. The
justification for categorizing BF-1 in this group of plants and the lead
plant analysis for this group is presented in Reference 1ll.

2-1/2=2
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3. INPUT TO ANALYSIS

A list of the significant plant input parameters to the LOCA analysis is
presented in Table 1.

Table 1

SIGNIFICANT INPUT PARAMETERS TO THE
LOSS~0F-COOLANT ACCIDENT ANALYSIS

Plant Parameters:

Core Thermal Power 3440 MWt, which corresponds to
105% of rated steam flow

Vessel Steam Output 14.05 x 10° lbm/h, which corresponds to
105% of rated steam flow

Vessel Steam Dome Pressure 1055 psia

Recirculation Line Break Area

for Large Breaks - Discharge 1.9 £t° (DBA) 1.3 ft® (66% DBA)
- Suction 4.2 fe2
Number of Drilled Bundles 744
Fuel Parameters:
Peak Technical Initial
Specification Design Minimum
Linear Heat Axial Critical
Fuel Bundle Generation Rate Peaking Power
Fuel Type Geometry (kw/ft) _Factor  _Ratio*
A, IC Type 1 & 3 7x7 18.5 1.5 1.3
B. IC Type 2 Ix? 18,5 . 1.2
C. B8DB274L 8 x8 13.4 1.4 1.2
D. 8DB274H 8x8 13.4 1.4 2,2
E. BDRB2B4L 8 x8 13.4 1.4 1.2
F. PBDRB284L 8 x8 13.4 1.4 1.3
G. PBDRB265H 8 x8 13.4 1.4 1.2

*To account for the 2% uncertainty in the bundle power required by Appendix K,
the SCAT calculation is performed with an MCPR of 1.18 ({.e., 1.2 divided by
1.02) for a bundle with an initial MCPR of 1,20,

3=1/3=2
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4., LOCA ANALYSLIS COMPUTER CODES

4.1 RESULTS OF THE LAMB ANALYSIS

This code is used to analyze the short-term blowdown phenomena for large postu-
lated pipe breaks (breaks in which nucleate boiling is lost before the water
level drops and uncovers the active fuel) in jet pump reactors, The LAMB output
(core flow as a function of time) is input to the SCAT code for calculation of

blowdown heat transfer.

The LAMB results presented are:

. Core Average Inlet Flow Rate (normalized to unity at the beginning of
the accident) following a Large Break.

4.2 RESULTS OF THE SCAT ANALYSIS

This code completes the transient short-term thermal-hydraulic calculation for
large breaks in jet pump reactors. The GEXL correlation is used to track the
boiling transition in time and location, The post-critical heat flux heat
transfer correlations are built into SCAT which calculates heat transfer
coefficients for input to the core heatup code, CHASTE,

The SCAT results presented are:

. Minimum Critical Power Ratio following a Large Break.

- Convective Heat Transfer Coefficient following a Large Break.
4.3 RESULTS OF THE SAFE ANALYSIS
This code is used primarily to track the vessel inventory and to model ECCS
performance during the LOCA. The application of SAFE is identical for all break
sizes. The code is used during the entire course of the postulated accident,

but after ECCS initiation, SAFE is used only to calculate reactor system
pressure and ECCS flows, which are pressure dependent,
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The SAFE results presented are:

o Water Level inside the Shroud (up to the time REFLOOD initiates) and
Reactor Vessel Pressure

4.4 RESULTS OF REFLOOD ANALYSIS

This code is used across the break spectrum to calculate the system inventories
after ECCS actuation. The models used for the design basis accident (DBA)
application ("DBA-REFLOOD") was described in a supplement to the SAFE code
description transmitted to the USNRC December 20, 1974. The '"non-DBA REFLOOD"
analysis is nearly identical to the DBA version and employs the same major
assumptions. The only differences stem from the fact that the core may be
partially covered with coolant at the time of ECCS initiation and coolant levels
change slowly for smaller breaks by comparison with the DBA. More precise
modeling of coolant level behavior is thus requested principally to determine
the contribution of vaporizaticn in the fuel assemblies to the counter current
flow limiting (CCFL) phenomenon at the upper tieplate. The differences from
the DBA-REFLOOD analysis are:

(1) The non-DBA version calculates core water level more precisely than
the DBA version in which greater precision is not necessary.

(2) The non=DBA version includes a heatup model similar to but less
detailed than that in CHASTE, designed to calculate cladding temper-
ature during the small break. This heatup model is used in calculating
vaporization for the CCFL correlation, in calculating swollen level in
the core, and in calculating the peak cladding temperature.

The REFLOOD results presented are:

. Water Level inside the Shroud

. Peak Cladding Temperature and Heat Transfer Coefficient for breaks
caleculsated with small break methods

4=2
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4.5 RESULTS OF THE CHASTE ANALYSIS

This code is used, with suitable inputs from the other codes, to calculate the
fuel cladding heatup rate, peak cladding temperature, peak local cladding
oxidation, and core-wide metal-water reaction for large breaks. The detailed

fuel model in CHASTE considers transient gap conductance, clad swelling and
rupture, and metal-water reaction. The empirical core spray heat transfer and
channel wetting correlations are built into CHASTE, which solves the transieat
heat transfer equations for the entire LOCA transient at a single axial plane
in a single fuel assembly. Iterative applications of CHASTE determine the
maximum permissible planar power where required to satisfy the requirements of

10CFRS50.46 acceptance criteria.
The CHASTE results presented are:
Peak Cladding Temperature versus Time
Peak Cladding Temperature versus Break Area

Peak Cladding Temperature and Peak Local Oxidation versus Planar
Average Exposure for the most limiting break size

Maximum Average Planar Linear Heat Generation Rate (MAPLHGR) versus

Average Exposure for the most limiting break size

A summary of the analytical results is given in Table 2. Table 3 lists the
figures provided for this analysis. The MAPLHGR values for each fuel type in the
BF-2 core are presented in Tables 4A through 4C.
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4.6 METHODS

In the following sections, it will be useful to refer to the methods used to
analyze DBA, large breaks, and small breaks. For jet-pump reactors, these are
defined as follows:

DBA Methods. LAMB/SCAT/SAFE/DBA-REFLOOD/CHASTE. Break size: DBA.

Large Break Methods (LBM). LAMB/SCAT/SAFE/non-DBA REFLOOD/CHASTE.
Break sizes: 1.0 ft’ < A < DBA.

Small Break Methods (SBM). SAFE/non-DBA REFLOOD. Heat transfer

coefficients: nucleate boiling prior to core uncovery, 25 Btu/hr-ft

2_ep

after recovery, core spray when appropriate. Peak cladding temperature
and peak local oxidation are calculated in non-DBA-REFLOOD. Break
sizes A < 1.0 fe2,
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Table 2
SUMMARY OF RZSULTS

e Break Size Core-Wide
e Location Peak Local Metal-Water

e S Failure Oxidation (%) Reaction (%)

e 1.3 ft’ (66X DBA) Note 2 0.12
e Recirc Discharge
e LPCI Injection Valve

1.9 £t* (DBA)
Recirc Discharge
LPCI Injection Valve

4.2 £t
Recirc Suction
LPCI Injection Valve

PCT from CHASTE.
Less than most limiting break (5.7%).

3. Less than most limiting case (0.12%).




9=y

Water Level Inside
Shroud and Reactor
Vessel Pressure

Peak Cladding Temperature
Heat Transfer Coefficient
Core Average Inlet Flow

Minimum Critical Power
Ratio

Peak Claddiug Temperature
of Highest Powered Plane

Experiencing Boiling
Transition

Uncovered Time Versus
Break Area

Table 3
LOCA ANALYSIS FIGURE SUMMARY

Maximum Suction Break
(LPCI Injection
Valve Failure)

Maximum Discharge Break
(LPCI Imjection
Valve Failure)

Limicing Discharge Break
(LPCI Injection
Valve Failure)

(4.2 ft2) (1.9 fc2) (66X DBA)
la 1b lc
2a 2L 2c
3a b 3c
4a 4b 4e
Sa Sh Sc
2a

-880%7-0a3AN
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Table 4A
MAPLHYGR VERSUS AVERAGE PLANAR EXPOSURE

Plant: BF-2 Fuel Type: 1Initial Core - T 1

Average Planar

Exposure MAPLHGR PCT Oxidation
(Mwd/t) (kW/ft) & 5] Fraction
200 15.0 1926 0.009
1,000 15.1 1902 0.008
5,000 16.0 1975 0.011
10,000 16.3 2047 0.015
15,000 16.1 2151 0.055
20,000 15.4 2136 0.054
25,000 14.2 2035 0.037
30,000 13.1 1922 0.023
35,000 11.8 1821 0.015
40,000 10.5 1640 0.003

4=7
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Tablie 4B
MAPLHGR VERSUS AVERAGE PLANAR EXPOSURE

Plant: BF-2 Fuel Type: Initial Core - Type 2

Average Planar

Exposure MAPLHGR PCT Oxidation

_(Mwd/t) (kW/ft) (F) Fraction
200 15.6 1973 0.010
1,000 15.5 1956 0.009
5,000 16.2 1973 0.010
10,000 16.5 2063 0.016
15,000 16.5 2143 0.057
20,000 15.8 2119 0.055
25,000 14.5 2005 0.038
30,000 13.3 1886 0.024
35,000 11.9 1782 0.015
40,000 10.6 1615 0.003
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Table 4C
MAPLHGR VERSUS AVERAGE PLANAR EXPOSURE

Plant: BF-2 Fuel Type: B8DB274L

————

Average Planar

Exposure MAPLHGR PCT Oxidation
(Mwd/t) (kw/fe) (F) Fraction
200 11.2 1673 0.004 1
1,000 11.3 1681 0.004
5,000 11.9 1744 0.005
10,000 12.1 1755 0.005
15,000 12.2 1777 0.005
20,000 12.1 1778 0.005
25,000 11.6 1737 0.004
30,000 10.9 1666 0.003
35,000 9.9 1577 0.003
40,000 9.3 1520 0.003 J
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Table 4D
MAPLHGR VERSUS AVERAGE PLANAR EXPOSURE

Plant: BF-2 Fuel Type: B8DB274H

Average Planar

Exposure MAPLHGR PCT Oxidation

(Mwd/t) (kW/ft) &) Fraction
200 11.1 1667 0.004
1,000 11.2 1670 0.004
5,000 11.8 1730 0.005
10,000 12.1 1756 0.005
15,000 12.2 1778 0.005
20,000 12.0 1775 0.005
25,000 iL.5 1733 0.004
30,000 10.9 1667 0.003
35,000 10,0 1579 0.003
40,000 9.3 1522 0.003

4=10
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DESCRIPTION OF MODEL

provides a general description of the input and model changes as

the break spectrum calculations. It provides a general background

nore spec calculated results shown in subsequent sections can be

ybserved

more easily understood, particularly as they relate to how well trends

in specific lead plant break spectrum analyses can be applied to the general

%)
nlead plant case. The most limiting break size results are not discussed in

1text (except to the extent that they affect the shape of the break

ailed limi break size calculational results will be

i

affect the amount

unter current flow limiting

ted Vaporization

yrrelation used

- The bypass areas in

more accurate technique.
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ncorporate NRC pressure transfer assumption - The assumption

used in the SAFE-REFLOOD pressure transfer when the pressure is

increasing was changed.

changes affect the accident calculation irrespective

A few of the

lhese changes are listed below.

Input Change

1

Break Areas The DBA break area was calculated more accurately.

yre power in REFLOOD has been corrected to

[mproved

HASTE 05 heatup calculation

tion Line Friction in Discharge Valve Closure Assumption

irreversible losses in the

scharge Valve Closure Assumption - Assume

scharge break.

flow through holes in fuel
| .

us analysis, alternate flow

uel lower tieplates







4 maximum NOL ieé un v Cime a

DBA) i ) ( geome

perij










(V9(1) 713 Z°% = ©aly jealg 2an[ikg aAep uorioalul 0471 “Aeaig uojiong
aur] f..«~1~:.<~—4.x uUnNUIXey x._«z:—h..& .4&-..«[.-&.— m.;..,.“.n;/ :.u;ﬂbx —:;f —u:..u;m‘. .J;u <~—«—.C~ —..>.~._ h.vu—.z .—.— .f_:x“..*

(3e%) I

FHNSSIHL 13ISS3IA

TIAITHILYM




(RET) 733 6°1 = B3Iy jEal1qg “2INTTE4 IATPA uofivafuy 10471 “eaig adaeydsyq Luy
UOTIBINOITOAY WNUIXey e Fuimor o4 2anssal] [ISSIA\ 1010BIY pue ‘pnoays 24l IPISU] [IA37T 193BM  "q] a1n314

(99%5) IWIL

v
-
IHNSSIHd 13SSIA

-
P
—
m
by
r
m
<
m

)

TIATT HILYM

IHNSSIHd 13SS3A

sd

e




{9

1200

800 }—

=

&

w

g WATER LEVEL
2

w ,_Y_ﬁ' il [

o

o

e

w

a

i

-

400 p—
HAF
o
VESSE L PRESSURE
0 s 1
0 300 400
TIME (sec)
W A e

Figure lc.

Water Level Inside the Shroud and Reactor Vessel Pressure Following a3 Recirculation Line
Discharge Break. LPCI Injection Valve Failure, Break Area = 1.3 fr? (66% DBA) (LBM)

40

WATER LEVEL (f1)

7-880%7-003N



Armqv u.wm.«._.,:<x_.ul_:,.:::_;,._>_1>:t: :L:H
1047 “Yea1g uorlIodong AU | UORIE|NCAp oY r rven e Burmortog 2aniviadwa) Jupppe) Heag

NOILISNYH L
ONITIOB 40 13SNO
AHIAOONN dNNd L3r OL e
HOIH4 0'1L HdD FONIIHIIXI
OL INYId TWIXY LSTMOT s

INVY I WIXY HIMOd LSTHDIH  emmm———

SH3IAOONN IOON
TVIXY O3HIMOd HOIH —

ONITOO0D AVHJES 40 13ISNO

AO3IHIA0I3IH IOON
IVIXY OIHIMO4d HOIH




(WA'1) »33 6°1 = ©21Y ye2ag ‘sanjieq aagep uvorioafuj

|2 1 M 3 Ble ua Ju I _;;.— ) .J—.;L
b | 3 11% 3 - ) -4 = ] wixe ? SUITMO 04 = Injea :T; i 8 i
—,z.«._ ’ ,n;, I 282ABYOSTI(] 2ur'] uorll M_dg—ﬂ 9y U .1w mz —~

NOILISNY ML
ONITIOS 40 13SNO

SHIAODNN JOON
IVIXY OIHIMOd HOIM i_

ONITO0D AVHIS 40 13SNO

O3INIA0DIN IOON
TVIXY O3IHNIMOI HOIH




HIGH POWERED AXIAL
PLANE REFLOODED —
2000 p—

“

3

e

a

-

-

<

o

g

=

e

[

o

£

8 1000 }— — SPRAY COOLING

3

o

x

< ~— HIGH POWERED AXIAL

P PLANE UNCOVERED

~— ONSET OF BOILING TRANSITION
0 | | |
0.1 1.0 10 100 1000
TIME (sec)
Figure 2c¢. Peak Cladding Temperature Polloui,g a Recirculation Line Discharge Break, LPCI Injection

Valve Failure Break Area = 1.3 ft

(66% DBA) (LBM)

7-880%2-003N



24
b

7

J

ET PUMP

! UNCOVERY

|

TRANSITION

~— ONSET OF BOILING
!
l
!

/

= ONSET OF LOWER
PLENUM FLASHING

—

HIGH POWERED
AXIAL NODE
UNCOVERED




NEDO-24088-2

10,000 =

:
T

CONVECTIVE HEAT TRANSFER COEFFICIENT ON
HIGHEST TEMPE RATUSRE ROD (Buu/he-112-F )
8

10 p==

JET PUMP
UNCOVERY

=~ ONSET OF BOILING
TRANSITION

— HIGH POWERED AXIAL
PLANE UNCOVERS

—

ONSET OF LOWER
PLENUM FLASHING

—

1 'TOZERO 1

Figure 3b.

e

40 60 80

TIME (sec!

Fuel Rod Convective Heat Transfer Coefficient During Blowdown at
the High Power Axial Node Following a Maximum Recirculation Line
Discharge Break, LPCI Injection Valve Failure, Break Area = 1.9 fel

6-12



~ JET PUMP UNCOVERY

~ ONSET OF BOILING
TRANSITION

. p 1 ¢
ecirculati

jre, Break Area =




v1-9

. 06 JET PUMP UNCOVERY —
=
O
4
Y
A
4
-
2
o
=1
N
=
4
2
=
b
z
02}
— LOWER PLENUM FLASHING
02 l I |
L] - 12 16

TIME AFTER BREAK (sec)

Figure 4a. Normalized Core Average Inlet Flow Following a Maximum Recirculation Line Suction Break,

Break Area = 4.2 ft2

Z-880%7-003AN



>13 6° = P31V yeaay
T 1 ¥ { ) - 23P15AY ¢ FZTTRWION
‘yeaig afieyosIqg AU UO . yaN wnt MOT4 197U] Y 1

(99%) NV IME HIL4Y INL

ONIHSY T4 WNNI T4 HIMOTY —

2104/ DDO 001 = NIT)

MOCONIM Y




(VEa Z08) eaag 2a3aeyosy( 2UT] UOTILINDITOY Surmor1o4 MmoTd 12Tu] 28eaaay 00 POZPWION

(90%) NV IHE HIL4Y INIL

4‘

ONIHSY T4 NNNI Y HIM0N

(7399 000 001 = NID)
MOONIM Y I




,._C..~2 .4«:.4_2 UOT IOV - n \ UNWIXeR ¢ AUTMOT _ MO, i ) )} Wmnmy

(2as) IWI )

- AHIAOQONN dNNd 137

L




81-9

24

2.2

20

18—

— CPR = 1.0 AT t WINDOW
SPACER 2 (GIN = 100,000 Ib/he-f12)
© s}
-
<
@
@
s
3
4
<
]
=
@
Qo
2
|
B
z
2
CPR = 1.0 AT
SPACER 3
0.4}
6.2 r—
- | ] I | L
0 2 10 12 14 16 18
TIME (sec)
Figure 5b. Minimum Critical Power Ratio Following a Maximum Recirculation Line Discharge Break,

Break Area = 1.9 ft?

7-880%Z-0d3AN



(VHa 208) 3eaayg 231eyos(q 2ur] uotTIR[NO ) p Buimorrog oriey

(20%) 3w L

_[ {2 3-9/91 D00 001 = NI1D)
MOONIM




NEDO~-24088~2

(se

T NODE REMAINS UNCOVERED

O
<

) FOR

O

BREAK AREA (% DBA

Variacion With Break Area
Uncovered (Discharge




—

N LOH HOIHM HO4







GENERAL @D ELECTRIC




