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NUCLEAR REGULATORY COMMISSION DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

PLEASE READ CAREFULLY

This technical report was derived through research and development
programs sponsored by Exxon Nuclear Company, Inc. It is being sub-
mitted by Exxon Nuclear to the USNRC as part of a technical contn-
bution to facilitate safety analyses by licensees of the USNRC which
utilize Exxon Nuclearwfabricated rpoad fuel or other techncal services g
provided by Exxon Nuclear for licht water power reactors and it is true
and correct to the best of Exxon Nuclear's knowledge, information,
and belief. The information contained herein may be used by the USNRC
in its review of this report, and by licensees or applicants before the
USNRC which are customers of Exxon Nuclear in their demonstration
of comoliance with the USN RC's regulations.

Without defogating from the foregoing, neither Exxon Nuclear nor
any corson acting nn its behalf:

| A. Makes any warranty, express or implied, with respect to

| the acc.; racy, completeness, or usefulness of the infor-
l mation contained in this document, or that the use of

f any information, apparatus, method, or process disclosed

f in this document will not infringe privately owned nghts;

| or

B. Assumes any liabilities with respect to tne use of, or for
darrages resulting from the use of, any information, ao-
paratus, method, or process disclosed in this document.
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1.0 INTRODUCTION AND SUMMARY

ENC provided ECCS analysis for Susquehanna Unit 1 in the report XN-NF-

84-119. The analysis in that report was performed to support the 100%

power /100% flow operating point. Since that report was submitted,

Pennsylvania Power and Light Company has requested that ENC provide an ECCS
~

analysis to support the 100% power /87% flow operating point which is the
_

lowest flow at which full power operation is permitted. This supplement

presents the results of the requested analysis. The analysis was performed

8 with the generically approved Exxon Nuclear Company EXEM Evaluation

Model(1,2) according to Appendix K of 10 CFR 50(3), and the results comply

with the USNRC 10 CFR 50.46 criteria.

The purpose of this analysis was to determine if that the MAPLHGR limit

established at 100% flow in XN-NF-84-119 is applicable to the range of flow

conditions currently allowed by the Susquehanna Unit 1 power / flow operating

domain. To assure the range of allowable flow conditions are covered, this

supplement reports the results of an analysis at the 100% power (102% as

required by Appendix K)/87% flow condition. Other conditions for this

analysis were the same as for the 100% power /100% flow case described in the

base document and are consistent with the limiting break that is applicable

to the Susquehanna plant estaclished in Reference 4. An assumed minimum

critical power ratio (MCPR) operatica limit of 1.24 was used to establish

the maximum power in the limiting assemtely for both analyses.

The results of this analysis confirm that the 100% power /100% flow

analysis is bounding and that the MAPLHGR limit established for the

i
I
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i
Susquehanna plant in the base document (5) is applicable over the Susque-

hanna Unit 1 power flow map. The applicable exposure dependent MAPLHGR of

the base document is repeated in Figure 1.1. The peak clad temperatures and

metal-water reactions versus burnup have been shown to be below the 10 CFR _

50.46 criteria of 22000F and 17% respectively for all exposures.
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I
2.0 JET PUMP BWR ECCS EVALUATION MODEL

2.1 LOCA DESCRIPTION '

A loss-of-coolant accident (LOCA) is defined as a hypothetical

rupture of the reactor coolant system piping, up to and including the

double-ended rupture of the la gest pipe in the reactor coolant system or of

any line connected to that system up to the first closed valve. In the

unlikely event a LOCA occurs in the Susquehanna plant, the reactor system

coolant inventory loss would result in a high containment drywell pressure

I and a decreasing coolant mixture level in the reactor vessel. The earlier

of these two events provides a safety injection signal which brings coolant

injection systems into operation to limit the accident consequences.

During the early phase of the LOCA depressurization transient, core

cooling is provided by the existing coolant inventory. In the latter stage

of system depressurization and after depressurization has been achieved,

the core spray provides core cooling and supplies liquid to refill the lower

portion of the reactor vessel and reflood the core. The reflood process

provides sufficient heat removal to terminate the core temperature tran-

sient.

2.2 EXEM APPLICATION TO SUSQUEHANNA UNIT 1

The ENC EXEM codes were used for the LOCA-ECCS analysis for

Susquehanna Unit 1. EXEM is comprised of the RODEX2, RELAX, FLEX, and

HUXY/BULGEX computer codes.

The RELAX code is used to calculate the reactor system behavior

during the initial portion (up to time of rated core spray) of the reactor

I

1



5

5 XN-NF-85-14

I
system depressurization transient. RELAX predicts mass distribution, core

and system thermal hydraulics, and break flow rates. The blowdown

calculation also provides reactor coolant system conditions at the time of

rated low pressure core spray for the initialization of the refill /reflood

transient calculation using the FLEX code. The reactor core is modeled with

heat generation rates determined from reactor kinetics equations with

reactivity feedback and decay heating required by Appendix K of 10 CFR (U.S.

Code of Federal Regulations) Part 50. For the blowdown calculation, the

!reactor coolant system is nodalized into control volumes representing

reasonably homogeneous regions interconnected by junctions shown in Figure

2.1. Reactor system data for the Susquehanna LOCA system analysis is

sumarized in Table 2.1. The data of Table 2.1 for the previous 100% flow

analysis differs only in the active core, total reactor and recirculation

flows.

For the maximum power fuel assembly, a separate RELAX / HOT CHANNEL

calculation is used to calculate the cladding-to-coolant heat transfer

coefficients, and the coolant thermodynamic properties. The HOT CHANNEL

analysis uses time dependent plenum boundary conditions from the RELAX

blowdown calculation. The calculated results from the HOT CHANNEL calcu-

lation are used as input data for subsequent hot assembly heatup calculation Ithat encompass the LOCA transient from its initiation through peak clad

temperature (PCT). The RELAX / HOT CHANNEL nodalization is shown in Figure

2.2.

I
I

E
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I
The initial stored energies for the RELAX blowdown and RELAX / HOT

CHANNEL calculations are determined with. the RODEX2 code. RODEX2 also

provides inital gap conductance and initial gap dimensions as a function of

_

power for the hot assembly heatup calculation using HUXY/BULGEX. The same

conservative power history was used for this analysis as in the original

analysis (5) which maximized the stored energy at all exposures.

The FLEX system refill /reflood analysis predicts the latter

segment of the reactor coolant system depressurization, lower plenum refill

and core reflood. The time of hot-node-reflood is determined by FLEX and is

an input quantity for the hot assembly heatup calculation. The FLEX

refill /reflood calculation is performed with leakage paths minimized to

conservatively bound the first cycle with ENC reload fuel as well as future

cycles. The FLEX system refill /reflood nodalization is shown in Figure 2.3.
'

Compared to the 100% core flow analysis, the input for FLEX differs only in

the initial conditions provided by the blowdown run.

The HUXY/BULGEX heatup calculation uses: (1) fuel stored energy,
~

gap conductivity and dimensions calculated from RODEX2, (2) time of rated

spray, decay power, heat transfer coefficients and coolant thermodynamic

.I properties calculated from RELAX, and (3) time of hot-node-reflood calcu-

lated from FLEX. These data are combined to determine the peak clad

temperature (PCT) and the cladding oxidation percentage. Bounding fission

and actinide product decay heat obtained with end-of-cycle neutronics in

the system blowdown calculation assure that the power input to the

HUXY/BULGEX heatup calculation is conservative. Conservative heat transfer

'I

I
-
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I
coefficients and fluid thermodynamic properties for the heatup calculation

are assured by using the maximum stored energy over the life of the ENC 8x8

fuel in the HOT CHANNEL calculation for the generation of this information.

2.3 EXEM CODE

Since the completion of the ECCS analysis for 100% core flow,

there has been no code c! anges. The EXEM code versions used for the

Susquehanna analysis at 87% of rated core flow are specified below:

Code Version

RELAX RELXE0104

FLEX FLEXE0105

HUXY/BULGEX JAN83

RODEX2 UAUG84

I
I
I

E

I
I.

I
I
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I
Table 2.1 Susquehanna Unit 1 Reactor System Data

100% Power /87% Flow Conditions

I
Primary Heat Output, MW 3358.9

Total Reactor Flow Rate, lb/hr 87.00 x 106

78.27 x 106Active Core Flow Rate, Ib/hr
,

Nominal Reactor System Pressure, 1039
(upper plenum) psia

Reactor Core Inlet Enthalpy, Btu /lb 520.7

Recirculation Loop Flow Rate, Ib/hr 13.44 x 106

Steam Flow Rate, lb/hr 13.78 x 106

Feedwater Flow Rate, lb/hr 13.74 x 106

Rated Recirculation Pump Head, ft 710

Rated Recirculation Pump Speed, rpm 1670.

2Moment of Inertia, lbm-ft / rad 15710

Recirculation Suction Pipe I.D., in. 25.34

Recirculation Discharge pipe I.D., in. 25.34

I

I

I
I

I
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I
3.0 ANALYSIS RESULTS

31 LOCA ANALYSIS

An ECCS analysis of the limiting break has been performed for

Susquehanna Unit 1 operating at full power and 87% of rated core flow. The

calculated results are summarized herein. The break spectrum calculations

for BWR 3 and BWR 4 plants without LPCI loop selection logic have been

previously performed and reported (4) on a generic bases. In the generic

analysis, the limiting break location was found to be in the recirculation

discharge piping. The configuration and size were found to be a double

ended guillotine (OEG) with a discharge coefficient of 0.4.

The LOCA system behavior is a function of the system geometry and

break size. The LOCA analysis for Susquehanna Unit 1 has been previously

analyzed at the full power and 100% of rated core flow point. In the current

analysis, operation at full power but with only 87% of rated core flow is

considered. This change in core flow results in small changes in system

behavior during the LOCA, the most notable of which are later times of rated

spray and reflood. At 87% flow, the maximum power assembly has a reduced

radial peaking to yield an assumed operating minimum critical power ratio

(MCPR) limit of 1.24.

Major event times and results for the limiting break for Susque-

hanna Unit 1 are shown in Tables 3.1 and 3.2; Figures 3.1 through 3.19 are

system blowdown parameters; Figures 3.20 through 3.22 are system refill

parameters; Figurer 3.23 through 3.25 are hot channel blowdown parameters;

and Figure 3.26 shows the transient temperature of the peak clad temperature

I

I
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I
(PCT) rod, peak power rod and cannister temperature at the maximum axial

'

power plane for the HUXY/BULGEX calculation.

3.2 MAPLHGR RESULTS

The PAPLHGR results for the Susquehanna Unit I reactor is based

on a limiting break calculation described in Section 3.1 which is a double-

ended guillotine (DEG) with a discharge coefficient of 0.4 in the

recirculation discharge piping. MAPLHGR results are obtained using LOCA

system analysis boundary conditions but require an additional RELAX / HOT

CHANNEL calculation and a single HUXY/8ULGEX calculation at a fuel exposure

of 19 GWD/MTM.

A bounding HOT CHANNEL calculation has been performed for this

MAPLGHR analysis with the same maximized fuel stored energy as in the

previous 100% flow case (5). The hot channel calculation was also performed

with a lower hot channel power level in order to be consistent with the hot

channel in the 100% flow case (5) in terms of its operating minimum critical |
power ratio (MCPR) of 1.24. In order to maintain the same MCPR of 1.24 for

the 87% flow case, the hot channel's core wide radial peaking f actor was

decreased from 1.585 to 1.508. With this lower power, the fluid conditions I
during blowdown in the hot channel did not degrade as would have been

anticipated in a reduced flow analysis. The fluid conditions actually

improved with the decreased flow and decreased hot channel power.

The fluid conditions provided by the bounding HOT CHANNEL

calculation are the heat transfer coefficient, the fluid temperature, and

I
I
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I
the fluid quality at the plane of interest for the HUXY/BULGEX calculation.

These HOT CHANNEL calculated parameters are shown in Figures 3.23 through

3.25. Figure 3.26 is the heatup vs. time plot calculated by the HUXY/BULGEX

code.

The HUXY/BULGEX calculated result is a single calculation done at

19 GWD/MTM which was the most limiting burnup in terms of PCT in the original

analysis (5). The result of the above calculation is shown in Table 3.2. As

is shown in the table, the PCT for the 87% core flow case is 280F less than

the PCT for the 100% core flow case at 19 GWD/MTM. Since the fuel parameters

used in the HUXY/BULGEX calculations for both flows are equal, the

difference in PCT is caused by finproved fluid conditions during the blowdown

for the 87% flow case. This results in a lower stored energy at the

beginning of the heatup period for the 87% flow case and hence a lower PCT

at the time of reflood.

Since the fuel parameters for the HUXY/BULGEX calculations do not

vary from the 100% to 87% flow cases over the life of the fuel, it can be

concluded that the PCTs for the 87% flow case will be about 280F less than

the PCTs for the 100% flow case over the life of the fuel. Thus, no further

HUXY/BULGEX calculations were needed to conclude that the 100% flow case is

the bounding analysis and the 87% flow case meets the 10 CFR 50.46 PCT limit

of 22000F by a margin of 800F at its most limiting exposure. The margin to

the metal-water reaction oxidation limit of 17% of the cladding is again

substantial.

I
I
I
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I
Table 3.1 Susquehanna Unit 1 Limiting Break Event Times

100% Power /87% Flow Conditions

I
Event Time (sec) g
Start 0.00 W

Initiate Break 0.05

Feedwater Flow Stops 0.55

Steam Flow Stops 5.05

Low Mixture Level (LI) 12.4

Jet-Pumps Uncover 15.4

Recirculation Suction Uncovers 24.9

Lower Plenum F1 ashes (Quality > 0.) 21.8

HPCI Flow Starts 33.3

| LPCS Flow Injection Starts 80.1

Rated Spray Calculated 122.5

|
Depressurization Ends 262.9

! (Vessel pressure reaches 1 atmosphere)

i Start of Reflood (High density fluid 286.5 -

enters core)

Peak Clad Temperature Reached 292.5

| I
I
I
I
E
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I
Table 3.2 Susquehanna LOCA Analysis for 100% and 87% Core

Flow Results for ENC 8x8 Reload Fuel

Assembly Average MAPLHGR Local MWR* (%) Peak Clad Temperature (OF)

I Burnup (kw/ft} 100% Flow 87% Flow 100% Flow 87% Flow

0 13.0 1.9 2074
,

5 13.0 2.0 2093

10 13.0 2.1 2116

19 13.0 2.3 2.1 2147 2119

25 12.2 1.6 1977

30 11.3 1.0 1846

35 10.4 1.2 1852

I
g M.4R* : Metai water Reaction

I
I

I
I
I
I
I
I

. -. . . ---



W

Wx?"n mT%
-

W.

m
t
s. ~ ~ - .. 1 e

m

m
e. . e
L

mee. . r'a ,

e

M
r
u
s
s
e
ree Pi

M
.

s kma) eeN C t r
D E y

sB

B S SD

M
R

f n/e o wG.

D aE oER M dD
/ w

I o4
MG T l

E B0
D G

i . e4 s 1

m
..

30
e
r
u
g

A Ei
i

WN e F.

sN
A
H
E

M
U
Q
S oi .

tU
S

M-

. ~ ~ - -

M
sg g3 I I I a

- Ggn. - 5 elan E2nJ: . i.3Rnna
1

M-
_

W
e
m

| i



1 ,| | 1|l | ,|

W

m 5 * *n hg

e-
M 4

8
~ . " - . 1

M
4

. 4

M
i 1

M
,

a
. t

s ,

w
o
l

M
F.

k
ae eo.

i n r
Bk

M
_ 1 a_

l eN C ar
D E tB
8 S o TD

( R

M
. e n/.

D sE wG
oER M dD

/ I w
G T o4

M
lE B0D

e..
4 s

2
.

M
0 3

e
r
u
gA . 4 i.

N
M

4 F
. N

A
H .E
U

M
Q .. oS t
U
S '

M. - - . _
-

og gg g3 d-

W ~ n u$s0 iOJ A $t0 * J_aFOFo:-

L

'

M

M
-

'

M
,

I|||||



I
19 XN-NF-85-14

I
I-

5
, , . . . .

! I
3-

g
-. -

i
~
2

3 2 |-

-

L

J
-

g_c

1 2-

-

8
j

-

o .,z W cn mQ m 22m
g 'w 2"-

<c_

Q E eRE !Ot-O loW oeQ - Ed-
,

o
O

M

- 3 $E

! r I
-

w
D
O 2-m
3

! m

I,

, , ,

oooos oooo, ocoos ocoot ocoot o 00005,

(33S/81) *MO 1.:1 J.3 INI 3hiO3
,

;

I
I
E

- . . _

F + ,- i--.--..._,,_



I

g zo xu. ,.ee.m

I
I

. . #

I
I

2- -

;
- ~

.

4k e
- g g

8-

z
8 wa

ca w n
E

bs- . .

4=a
'WR ~ sa

I
S * eu
a En

-
,. CQ Q

,
m

E 3 8- ~

z =
.?k '-

to
.~3

E 8 -

a

g
. , , f

' *08
S/87 MD 1.:f 1100$[0a

I
I
I

. . . _ _ .



._. . . _. . . . _ _.

.

SUSQUEHANNA 0.4 DEG/RD EXP HC FR=1.508
, , i i i ' '

-

o
to
M
s - .

33 '

-

.
'

o
'

_ ~

WR

C
s

- -

.-i ,
d
z O
Z

$US
.

o

- b(r-- -

'

p.

, i i e a ' '
E'f zo 40 so 80 100 110 1" 180 E

TIME ( SEC )

Figure 3.5 Blowdown il0T CllANNEL Inlet Flow, (0.4 DEG/RD Break

g g g g g 3 W W W W W M M E E
- . _ - _ _ _ - _ -



W

M._
_

xfycI%o

M

M
e
s. . - _ . t

M
0

M
i 4i

1

,

M
w

8 o
i 1

0 l
0 2 F15

t. e

M
1 l

= t

R u
OF

e i
o
o L
t E

M
NC N1

H C Ak
liaE CeP

.

S r
X

M
TB( OE i i 0 HD

8E R
M n/

wGD I oER T dD

M

m=_I o B0

w/
o4G

lE i

D s

M
4 6
.

0 3
- eA - r

W
i _

N -
I 0 u

4 gN -
i

A f
H
E

W
U
Q

i fS o
tU

S

M
_ - - . -

g 3 R 2 a O h
M ON N cn J..- $o;L - oJ$0 zza5 t1iL tt

M

M

M '



_._

.- -

SUSQUEHANNA 0 4 DEG/RD SDN
gr . . . . . . .

-

Oh
- -

.

En

m
J

I-

3|
-

.
!

o
d

- -

a u
O

b _ _

s

|k
"

- t- -

5
. . . . . . . ;

i to 40 se 80 1Ao no its tso 7
TIME (SEC1 $

.L

Figure 3.7 Blowdown Intact Loop Jet Pump Drive Flow,
0.4 DEG/RD Break

W W W W m W W W W W W W W W W M M M M
_ _ _ - - _ _ ____ _



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

M M M M M M M M M M M M M M M M M M M

,

_ . . --

.

b

SUSQUEHANNA 0.4 DEG/RD BDN
- g . . . i i i ' '

,

-

!

uBw .,
-

mR>

; N
m
.J
*

i

-

! J
i 4
.

! Z
! on ~

.
' Hg

m
o *
3

; m

-

| .J
; H
i
; L -_=,

1 o

x
| =
! g . . . . . . .

"
la a a en so iso un tu we

TIME ( SEC ) e-

T.

1

|
Figure 3.8 Blowdown Intact Loop Jet Pump %

Suction flow, 0.4 DEG/RD Break
i

,

4

1
4



- . _ - - - _ _ __.. .

. ..

g SUSQUEHANNA 0.4 DEG/RD 3DN
,

i i i i i i ig
)

|
'

^{ - .

O'

wa4

; m
i N
i m
; J
! -I -

! .n
m
o
J
ts.

8
1 eo -

-

HS
X @-

\
*

'. a.
'8 -

.

-

! JR
Hj

I
i

G-
-

_ m-_- ,

O

I

E
g ;. . . . . . .

9 .to 40 so 80 100 120 140 1so 7
TIME (SEC1 g

Figure 3.9 Blowdown Intact 1.oop Jet Pump Exit flow,
i

O.4 DEG/RD Break'

W W W M M M W W M W W W W M e me am
- - _



__ - _ - -___ __ - . ___ _ _ - _ _ _ _ _ _ _ _ _ _ .

M M M M M M M M M M M M M M M M M M M

:

..

4

SUSQUEHANNA 0.4 DEG/RD 8DN'

| . . . . i i i

.

! -

! (i!$ -
~

: m
! N
- m
i a

m||
- -

.

i O
J<

'I
k

w _

9:

i

- .

.a
*

i

h
- -

i

i

M
, . . . . . . ;

,

: to se se se too un us no ?
| TIME ( SEC ) $
! .L

Figure 3.10 Blowdown Broken Loop Jet Pump Drive a:

Flow, 0.4 DEG/RD Break

I
,

-
_ _ _ _ _ ___



e

mU = J [ 9' %
.

e

m
es. . . . - t

m

W
0i . 4
1

a
o

i

W
t
c

- ue Si

- n.

p
m

M
u

P

t
e

o Jki . o a

M
t pe

1 or
N C L

oB
D E D
8 S nR

_

e/

M
( kG

i . . e oED - sE rD

wR BM 4/ I nG

M
w0TE o
d ,D ww
oo. . e l l4 s BF.

W0
1
1

A 3

4 W
.N e

s
N
A e

rH uE g

W
U i

Q - F

S o. .

tU
S

M.

- . - -

,
8

. M
g1Ugs3 .yo$ 5pOb1 S g

J.m

W

W

W
7



_ ._ . _ . _ .-_ _ - ___- ______-______ __ _ _ _ ___ _ _ _ _ -.

M M M M M W W M M M M M M M M M M M M

_.

,

SUSQUEHANNA 0.4 DEC/RD BDN

O,!!!
_

~

.

m
a
a

g -

~

i
O

W
e-g

-

-

8 Bs

S. - y ._.

M)u-

9
. I

_

.

g M. . . . . . .
; % to se es se nas us us we T

;
i TIME ( SEC )i

$.1

! Figure 3.12 Blowdown Broken Loop Jet Pump Exit %
i

,

iFlow, 0.4 DEG/RD Break'

i

i

!
:

|

i



.___--_____ _____________ -__ ____ _ - __ _- _ - _ _ _ _ _ -.

.

!

l _. ._ . ._.

'

.|
SUSQUEHAtNA 0.4 DEG/RD 8DN

' ' ' ' ' ' '
| 2

!
.

i - -
- -

1 y

-

.

d - .

ga
_J

x
H
E - -

Mu m
O e

b
n.

-
~

13a

- -

'" ,

5
. . . . . . . y

d to se se se noe us 14e too 7
TIME (SEC1 g

figure 3.13 Blowdown Upper Downcomer Mixture level, %
0.4 DEG/RD Break

i



M

M ?g 5;T$

M

M .

t
s

M
. - - - _ 1

M 4
i . 4

1

M
e
r
u
te

i . i x
s i

M

M r
e
m
o
c

t n

M
si .
1 w

o
1 D

N C k
eaD E el

M
8 S d r

dB
( i

i . e MDD sE R
n/R M wG/ I oE

M
G T dD
E w

o4D l

B0i . e
4 s

M
.

0 4
1

3

M
A e

. . 4 rN 4 uN g

A i

FH

M
E
U
Q o..S t
U

M '

S

. - _ - .

M ' C . d>toJ xgE OO OHE

s
y 3 . m . a e

'

M

M

M



__ _ _ . ___

.

. . - - . . . .

SUSQUEHANNA 0.4 DEG/RD BDN
e i i i . . i3

n - .

W8
i Lt.

-

I
*

! d - -

i >M
i L4J
'

J

i x
' H >

r I - . !

O w
O ~

5
:m -

O*
.

I

- -

'
- __ __

-
_

5. . . . . . . ;
ce te se se M noe us 14e tse 7

TIME ( SEC 1 m

. ' .
Figure 3.15 Blowdown Lower Downcomer Mixture a

Level, 0.4 DEG/RD Break

:

|

|

|



. . - . = = = - a. . .. -- -- .-

I
32 XN-NF-85-14

i

I |

I !
iI . . . . I

.

&

E e
,

. . -. - N ;;

I 3'

a
'

O

a 8I - -

u~
a 3
U2 Ca

$ LEOI "
.- is. - o

C

I R m is* eee
i w I

O 2 ".'
. _ ,

. mo
,

e

C e
I 5

I "c "

Z O @
-

*
Z b
G 5
Z * * =

i
w w
D
G
U1 " - .
2
M

' I I I I t

|| ocoon ococot cocos cooos ocoot oooca 1
( 81) 'SSdH OIn0II M3HOONM00 N3MO1

1I

'I
.I

.

- - - _ - - - _.- ,- . - , , , - . . - , , . . - , _ _ , . , - , - . - . - . - - , - , _ - - - . _ _ _



_ _ . . - _ . _ _ . .

33 XN-NF-85-14 '

.

I
I.

e
i . . , i z

E-
_ e

_ 3
_

i EIg_ _

c

! I
Eo

2 E
- -

*- .

u cxz w u2a u) o6m gm-
- o mew =:a z es

2 M $8
3 ~ 3

i y ov
c Ed_ - g
,

. ~o -

A
'

a e-z 2 gz cna .-

1 'w

- *

a

|
,_ , , . .

|ooop2 oooo2 ooost ooczt 0008 000t 1
( 81) 'SSdW OIn0Il WnN37d 83ddn

|

| I
| I'

i I
- _ _ _ -- - --- _ - - _ - _ - - _ - . - . _



___ -____________ - ______________ - -____ _-_____ ___ _ _..

M M M M M M M M M M M M M M m e e am

.

.) SUSQUEHANNA 0.4 DEG/RD BDN
, , , , , , .

.
"

-

$
-

. _

(n
(n
G
E

G8
..

O
H
J

E8
tsj _ .

O
O

O
O _ -

e
it
3

_ .

.

6.. _ .- .
,

cd to 40 SO 80 100 120 140 180 2

TIME (SEC1 k
| e
; Figure 3.18 Blowdown Upper Downcomer Liquid Mass, T
| 0.4 DEG/RD Break %
|
|
|

!

|

|



. .__

I
35 XN-NF-85-14

I'

I
i E. . . . . I'

.

s-
.

i Exg- _

3

|E-
3

I !- -

8 5S i= m te g
a[ $ $ 5- -c

E %v E
iS

g n
o 55 5

-o- . e, g
.

* cn
-

| A

I 8 $ |
" '

e =
'w

| D
E *- - 3a
m

I
I t I f i

cooort conott cooort ococot cooos ocoes oco5 g
( 87 ) 'SSUW OInOIl WON 3Id 83M01 5

I
1

I
. - - - - _ _ _ _ _ . _



. _ _ ____ ___ -____ _ _ _ _ - - __ ____

M M M M M M M M M M M M M M M m m m m

I-

>

1I SUSQUEHANNA 0.4 DEG/RD REFLOOD FR=1.508
I I I 3 5 | | |

.
I
.-

:
'!

'' ..

! .
J1

G
O
M -

-

g
E

*
,

1

| s --

m
(4
N $i

O
~~

! I
L4J
6--
(n<

i >-
1 Mg

{ g ..

!

a 1 >< .

! l I e e g ,

I-*
* 135 155 175 195 215 235 255 275'

2

TIME ( SECS. ) T
5

,

Figure 3.20 Refill /Reflood System Pressure,
| 0.4 DEG/RD Break



_ i

M

O n a [ Y'

M

M
.

M
. - - - -

m
5

i
i 7

M
_ 2

e
r
u
t

M
5 x

i 5 i
28 Ms

0 m5 u_

. n

M
1 e

lk= - Pa
R -

i 3
5 e

rrF . 2 eB
w

M
1 oD

O . LR
O S /

dGO C oE5L E oD1

M
i lF 2S f4.

E ( e
R R0

/E l ,
_ D M l l
_

M
R I i e

_ f v/ 5T eeG i 9_ RL
_ 1i

E
D

M
1
24

. 350 7 ei

i 1 '.

M
t

A g

N i

FN
A
H 5

M
E i 5

, 1U
-Q

S
. U

M
_ S

5

_. , 1
3

- - - . ,

_ .d . .0 .E , .A ,4

_ * "m5Cz .dCs. X I J_n. E2od M
!

.

_
_

M

M
.

M



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

M M M M M M M M M M M M M M M M M M M
.

SUSQUEHANNA 0.4 DEG/RD REFLOOD AT=.55 87 % FLOW
y a s e e e I

-

n .s

G -wo n-

I4

E. --

Wd

E
$
n_ s. --

O
- r - m

.

, "
W
>
Ng

~~

cr
id
a:

. .

o

e I a f a t | t X

3 270 2/S 280 285 290 295 300 305 [
TIME ( SECS. ) ?

$
Figure 3.22 Refill /Reflood Relative Core Midplane A

*Entrainment, 0.4 DEG/RD Break



_ _ _ _ . _ _ _ - _ _ _ _. _ _ _ _ _ _ _ __ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _. - - ____
_. _

..
_.

! SUSQUEHANNA 0.4 DEC/RD EXP HC FR=1 508
i m . , , , , , , , .

- S : :
- .

- .

~ ~

I W ~ -z
i W . ~

e4
, O

* :.

us :1 W .,

I o .'

U -

1 - .

I - .

cn
J . :
(n"S :. -

w
(E - - to

| W
-

.-. g -

z - .

W
u - .

O
Zs : :a

3 : :
- .

|
- .

- .

4
- .

i . .

1

, , , . , , . .

f35 18 40 60 80 100 110 140 tro
; TIME ( SEC ) $;

| Figure 3.23 Blowdown 110T CilANNEL Heat Transfer k
I Coefficient, 0.4 DEG/RD Break

<

t

. _

. - - - - - _ _ _



$!| ,|

M

M
a 5;7m

M

M -

o
s- - - - - t

M
.
y
t

M
i

s li . t ai u
Q
e

M
m
u

l
8 e o
0 i . z V

i5 r

M
. e1 t

= n
R e

CF o
i . o L

M
t E

NC N1

H C Ak
t aE i

C eP S r

M
X TB(E O

i . o i Dl

sE R
M n/

wGD I oE

M
R T dD
/ w
G o4

l

E i . o B0
D s

W 4 4
2.

0 3

A e

W
. 0iN r4 uN g

A i

H f

E

W U
Q I

, oiS t
U
S

W
- - - - -

3

W
aa oA M* * O u& , c

'

,tH3GS Jo> "wEwU M- -

W

W

m
,; iii!i<)



-

M

M .

M

M d_7~ $ >d D $ OodG $ &wa. wQwL i-t

M
s .

b g $ $ Mg g !
- " _ -

-
-

S
U

t S.o .

M
f Q
i Ug
u E
r H'e A
3 N

M N. 4

2 3 . .

A5

0
.

M
TB
el 4

mo
p w s Ded o ..
ro E
aw G

M
tn /u T Rr1 1

I,e 0 D
T M

0C E8

M
i 0 . El

4A ( XN S PDN
EE E
GL C H_ /

M
C_ RC 1

De 1n 0 . i

Bt 0
re F-

.

er R

M
a =kV_ 1o -

l

u 5m n 0. ie o

M
8

C
o

_ o
l

a
n

M
t 1

4 . i
0

M 1 - ~ ~ _ -5
0

M

M

E *?;E O
M_

.

-

M_

-



,
_ ._. .- . .__ . ..

M M M M M M M M M M M M M M M M M M M

.

SUSQUEHANNA HUXY 0.4 DEG 19 GWD/MTM ENC 8X8 FUEL 87 % FLOW
_

L23 4 5 5 7 8
e s la at 12131415

3 1818171819 29 El
4 11172223242525
5 1118 23 27 28 2$ 36
6 1319 24 28 313E 33
7 14 29 25 23 32 34 35
8 15 tt as se 33 35 3s

,

PIN 33
: PIN 23
: CANISTER

2D00 - , ,
~

a
.

'

g 1500 -

$
-

0 1000 -

d
5 !

500' - h
a.;

; - - - - - - g

( . . . . . . . .

! 50 100 150 200 250 300 350 400
'

TIMEE ( SEC 1

Figure 3.26 liot Assembly lleatup Results, 19 GWO/MTM M.APLilGR = 13.0 |
'

|

|
:



I
43 XN-NF-85-14

I
4.0 REFERENCES

1. " Generic Jet Pump BWR 3 LOCA Anlaysis Using the ENC EXEM Evaluation
Model," XN-NF-81-71(A), Supplement 1, Exxon Nuclear Company, September
1982.

2. " Exxon Nuclear Company ECCS Cladding Swelling and Rupture Model," XN-NF-
82-07(A), Revision'1, Exxon Nuclear Company, November 1982.

3. " Acceptance Criteria for Emergency Core Cooling Systems for Light Water
Cooled Nuclear Power Raactors," 10 CFR 50.46 and Appendix K of 10 CFR 50,
Federal Register, Volun.e 39, Number 1, January 4,1974.

4. " Generic LOCA Break Spectrum Analysis for BWR 3 and 4 with Modified Low
Pressure Coolant Injection Logic," XN-NF-84-ll7(P), Exxon Nuclear Com-I pany, December 1984.

5. "Susquehanna Unit 1 LOCA-ECCS Analysis MAPLHGR Results," XN-NF-84-119,
Exxon Nuclear Company, December 1984.

I
I
I

.

I
I
I
I
I

LI .

|I
L



I
,

I XN-NF-85-14
Issue Date: 2/1/85

ECCS ANALYSIS FOR SUSQUEHANNA UNIT 1 AT FULL POWER

AND 87% FLOW USING THE ENC EXEM BWR EVALUATION MODEL

I Distribution

I DJ Braun
JC Chandler
RE Collingham
SF GainesI SE Jensen
JE Krajicek
JN Morgan

I LA Nielsen
GA Sofer
R8 Stout
OR Swope

HG Shaw (6)
Document Control (5)

I
'I

I
I
I
I
I
I

.I
1 -

_ - _ . _ _ _



-
.

ATTAC11 MENT 4
*

*. . .

-
o

STARTUP TEST CRITERIA FOR,

SYMMETRIC TIP MEASUREMENT DIFFERENCES
.

The degree of TIP asywnetry in a particular cycle shall be considered

consistent with the TIP uncertainty reported in XN-NF-80-19(P), Volume 1,

Supplement 2, " Exxon Nuclear Methodology for Boiling Water Reactors,

Volume 1 Neutronics Methods for Design and Analysis", unless the measured

data provides statistical evidence that this assigned value is not valid.

For the purpose of this test the variance of the integrated TIP responses
' .-.. .. .m -

shall be the quantity of interest. The X2 test of significance will be

performed with the significance level fixed at 1%. The startup test

2criteria for symmetric TIP differences is that the X value calculated

shall be less than the critical value at the 1% level of significance. The
'

details of this test are as follows:

Define:

gy / 6 TIP jX "M*S TIP i

where:

M = the number of symetric TIP pairs

S2TIP j = The variance of the integrated TIP response determined fromi
the differences between symmetric TIPS calculated for the
current TIP data set.

.

The variance of the integrated TIP response as determined in6 TIP
g5 = XN-NT-80-19(P), Volume 1, Supplement 2 (36.0).

.

.
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! The definitiorsof the above quantities in terms of the data measured

at the plant are as follows:

Let: '

Tmk1 = The measured values of the first of two symetric TIPS; pair
m, axial level k.

.

Tmk2 = The measured value of the second of two symmetric TIPS; pair
m, axial level k.

Tm1 Sum of Tmk1 over k.-

Tm2 Sum of Tmk2 over k.=

Relative difference between Tm1 and Tm2*d =
m.

. Total number of symetric TIP pairs and the number of degreesM =

of freedom.

De fine :
22

T Tmk1m1 " k 3
22

T Tm2 " k 3 mk2
x

a = 100 * (Tel - Tm2)/km1 + Tm2)/2)m

Then: M
1 d 2

S2
m=1 m

TIP j."i 2M

The critical values for X2 are a function of M.- If the value of X2
~

. calculated is less than the critical value then the criteria has been

-satisfied. The critical values of X2 for various values of M are shown in

the table below.

-- - . - , - - . .. -- --
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M d.

19 36.19
18 34.81

'
17 33.41
16 32.00

The startup test should be performed at the beginning of each cycle.

The core power level should be above 75% of rated thermat power when the

test is performed. The control rod pattern during the test should be 1/8

core symmetric. All of the TIP machines should be operable for the

performance of the test.

2If the X value calculated is greater than the critical value then one

or more of the following actions should be taken:

1) The instrumentation and data processing system should be re-

viewed for any problems which may contribute to abnormal TIP

asymmetries. A second determination of X2 should be made and

compared to the critical value. If the new measured value of X2

is less than the critical value then the criteria has been

satisfied.

2) If the startup test criteria has not been satisfied by the above

actions then the fuel vendor should be consulted and appropriate-

action taken to assure that a larger than anticipated TIP

asymmetry does not adversely affect the safe operation of the

reactor.
,

__
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ATTACHMENT 5-

.

ADDITIONAL FEE 0WATE8 CONTROLLER FAILURE TRANSIENT ANALYSIS
FOR SUSQUEHANNA UNIT 1 CYCLE 2
WITH TURBINE BYPASS INOPERABLE

In the Susquehanna Unit 1 Cycle 2 plant transient analysis (IN-NF-84-118),
ENC calculated the feedwater controller failure transient with the bypass
assumed inoperable. This calculation was performed for 104% power /100%
flow conditions, consistent with the FSAR analysis, and a nominal end of
cycle 1 exposure of 10,700 MWD /MT. The calculated ACPR was 0.24 as
reported in XN-NF-84-118. A MCPR limit based on this result is
appropriate for the full power full flow conditions analyzed, however, the
feedwater controller failure transient gives worse results at low power
conditions than at full power. Thus, the low power high flow operation -

permitted by the power / flow map would not be bounded by a MCPR limit based
on the XN-NF-84-118 results.

To provide a bounding analysis for the unlikely condition of
operation with the main turbine bypass inoperable, ENC performed an
additional analysis of the feedwater controller failure from 80%
power /100% flow conditions. The results of this calculation were: (1)
Reactor scram was calculated at 16.8 seconds due to the high vessel water
level trip. (2) The highest calculated vessel pressure was 1083.5 psia.
(3) The maximum calculated power was 174.3% of rated. (4) The calculated
6CPR was 0.27. Plots of the transient parameters for this calculation are
given in the two attached figures.

The bounding analysis was performed for the 10,700 MWD /MT cycle 1
exposure because neutronics input had previously been generated at the 80%
power /100% flow conditions. To support a cycle 1 burnup of.11,800 MWD /MT,
the MCPR limit resulting from the above transient may have to be increased
at the end of cycle 2 operation, as noted in the transmittal of the 11,800
MdD/MT analysis results.
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