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Commonweaith Edison

One First Nationa! Plaza. Chicago, Illinois

Address Reply 1o Post Office Box 767
Chicago. llinois 60690

December 16, 1983

Mr. Harold R, Denton, Director

Office of Nuclear Reactor Regulation |
U.S. Nuclear Regulatory Commission |
Washington, DC 20555 |

Subject: Byron Generating Station Units 1 and 2
Braidwood Generating Station Units 1 and 2
Steam Generator Tube Vibration
NRC Docket Nos. 50-454, 50-455, 50-456,
and 50-457

References (a): February 9, 1983 letter from T. R. Tramm
to H. R. Denton.

(b): April 12, 1983 letter from T. R. Tramm
to H. R. Denton.

(e): July 18, 1983 NRC Summary of Meeting
on July 7, 1983 with the Technical
Review Committee.

(d): July 18, 1983 letter from L. D.
Butterfield, Jr. to D. G. Eisenhut.

(e): August 1, 1983, letter from L. D.
Butterfield, Jr. to D. G. Eisenhut.

Dear Mr. Centon:

This letter provides additional information regarding the
changes being made to the Byron and Braidwood steam generators to
minimize tube vibration. NRC review of this information should enable
closure of Outstanding Item 10 of the Byron SER,

As descrired in previous generic correspondence meetings and
hearings, selected steam generator tubes are being expanded at two tube
support plates and 10% of the main feedwater flow is being diverted to
the auxiliary feedwater nozzle. Extensive reviews and analyses of these
modifications have been performed by Westinghouse and by the Counterflow
Steam Generator Owners Review Group. These efforts have verified that
the modifications will be effective In reducing tube vibration to accept-
able levels and that the modificetions will introduce no unacceptable
s=fety consequences during normal or transient operating conditions.
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TABLE 3.6-12

CALCULATED STRESSES FOR POSTULATED BREAK POINTS

(For ASME Sec. III Class 2&3 and ANSI B3l.1 Piping Systems)

PIPING SYSTEM CALCULATED STRESS
NORMAL & UPSET
PLANT CONDITIONS
LINE NUMBER(S) (psi)

FEUDWATER Loop

1FWO3DA-16" B20A 17660
1FWO3DA-16" B20B 16832
1FWO03DA-16" B40A 13586
1FWO3DA~- 16" B65A 19150
1FwU3DA-16" B65B 20934
1FWO3DA-16" B80 15907

qvsa-a/4

FEEDWATER Loop

1FWO3DRBR-16" B5A 10706.
1FWO3DB-16" B30A 17847.
1FWw03DB-16" B30B 17293,
1Fw03DB-16" B55A 12908.
1FW03DB~-16" B85A 16971.
1FW03DB-16" B85B 18565.
1FWO3DB-16" B100O 14974.
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TAG NUMBER

ACTUATED

ICVB378A,B
ICV9379A,8B
1Cva3sl
1CVB442
1CVE481A,B
1CVE546
LCVBBO4A
1FC009
LFCO10
1FPO1C
LFPOl1l
LFWOO9A-D
LFWO1LA-D
1FWOIS5A-D
LFWO 3EA-D
LFWOI9A-D
| PWU4 A=
1FWO78A-D
LIADKS
LIAOGE
LIAOBS
LIAQO9]
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14.
15.
16.
17.
18.

19.

20.

21.

24.

25

THERMAL AND HYDRAULIC DESIGN PARAMETERS

COOLANT TEMPERATURE, °F

Nam:nal Inlet

Average Rise in Vessel
Average Rise in Core
Average in Core
Average in Vessel

HEAT TRANSFER

Active Beat Transfer, Surface Area, ttz

Ave:rage Seat Plux, Btu/hr-(tz
Maximsum Heat Plux [or Normal Operation,
Btz hr-!tz

. Average Linear Power, kW ft

Pesk Linear Power for No-mal Operation,
kW f:(*)

Pear Linear Power Result.ng from Overpower

Transien*s /Operator Errors (assuming a
-

maxisum overpower of 1184, ww/ge )

Peak Linear Power for Prevention of

S P (.00)
Certerline Mel:, kW/ft

This limit is associated with the value of Pg = 2.32

Ses Sudbsection 4.3.2.2.6

te¢ Ses Subsection 4.4.2.11.5.

TABLE 4.1-1 (Cont'd)

BYRON AXD BRA IDWOOD
ONITS 1 and 2

(LOW _PARASITIC PUEL)

55€.9
61.1
63.¢
592.4
Se7.4

59,790
18%,800

442,320
5.484

15.6

8.0

>1€.0

BYRON AND BRAIDWOOD
ONITS 1 and 2
OPTIMIZED FUEL

559.2
58.4
60.7
591.1
588.4

57,520
197,200

457,500
5.44

WCAP-9300
REFFPINCE DESIGE

561.6
58.5
61.8
594.2
$92.2

57,500
197,220

457,500
5.44

12.6

18.¢C

>16.¢C

Hvna M/
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DES [GN PARAMETERS

TABLE 4.4-1 (Continoed)

AND SYDRAULIC SON

BYRON AND BRAIDWOOL WCAP 9500
ONITS | AND 2 REFERENCE

PUEL CENTRAL TEMPERATURE

Peak at Pexk Linear Power for Prevention 4700 4700
of Center.ine Melt, “

Pressure Drop

(*+)
Across Core, psi 2.9 + 2.7°" 25,7
Across Vessel, including nozzle psi 4.4+ 47 45.7

s

(1

(2)

This limit is associated with the value of Pg = 2.32

See Subsection 4.3.2.2.6.

See Subsection e 2.11.6.

Based on cold dimensions and 958 of theoretical density fuel

Based on best eitimate reactor flow rate as discussed in Sectior 5.1

Pressure Drops .pdate. based on results from Reference S.

Tuese numbers are not directly comparable for each plant desig- due to

the incorporation of a different thermal design procedute and DNB correlation
in the present core.

Value used for thermal hydraulic core analysis.

I+ is

LOW PARASITIC FUEL DESIGN

2.6
4.6

RYRON AKD B%AIDNDOD
UNITS 1 AND 2

(OPTINIZEC FPUED

4700
26.3 + 2.%
46.4 + 4.5

wvsa-a/a
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Active loop

Idle loop

Reactor
Tota 1

Temy




Feedwatel
Steam
Tota 1
Best ¢
Active
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Mechanic

Reactor

Reactor

Steam generator
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Pump suction
Cold

Pump
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**"ajculated assuming all feedwater enters sam aenerators

thrcuah the main feedwatc: nozzle,




NOTES TO FIGURE 5.37-2

MODE A STEAOY=STATE FULL POWER OPERATION
PRESSURE  TEMPERATURE FLOW
LOCATION  FLUID PSIG  _ _°F e em(® yores
1 R.C 2235.0 617.9 112,259 37.36 .
3 . 2233.1 617.9 112,159 37.33 -
'3 ’ 2195.9 556.7 100,300 37.33 -
4 . 2192.4 556.7 100.494(£97.4o -
' 8 . 2285.) 556.9 100,400~ 37.40 -
6 . 2283.2 556.9 100,300 37.36 .
703) . 2234.1 617.9 100 0.0333 ,
g(4) " 2285.1 556.9 100 0,037 :
9 ’ 2194.2 . 587.0 199  0,0704 -
10-18 ® SEE LOOP #1 SPECIFICATICNS -
19-27 . SEE LOOP #' SPECIFICATIONS -
2Q-35 " SEE LOOP #1 SPECIFICATION -
“ . 2285.1 556.9 1.0 0.0004
3 . 2285. | 556.9 1.0 0.0004
39 " 2235.0 556.9 2.0 0.0008
40 STEAM 2235.0 652.7 - - . 720
4 R.C. 2235.0 652.7 . . 1080
42 . 2225.0 652.7 2.5 0.0008 -
43 . 2235.0 652.7 2.5 0.0008 .
44 STEAM 2235.0 652.7 0 0 -
45 R.C. '2235.0 <652.7 0 0 MINIMIZE
46 N, 3.0 120 0 0 -
47 R.C. 2235.0 <652.7 0 0 MINIMIZE
48 N, 3.0 120 0 0 -
49 . 3.0 120 0 0 -
50 . 3.0 120 - - 450
51 PRT 3.0 120 - - 1350
WATER

(1) At the conditicns specified.

(2) x 10°
(3) Location point refers to the three 1" connections on ihe hot leg.

(4) Location point refers to the 2" connection on the cold leg.

(5) h\,5T recoal L\l'(.ul( WA

BYRON/BRAIDWOOD STATIONS

of best cet mate Fiow
is 108,200 gpm. Values
on *~\> +“'\(i w,ail Caly

he miv fwuhv dpﬂ°l~{

l"p f'(;a’c.,('a"ec' U:n.m)

lubest hest estimate
F'cw.

FINAL SAFETY ANALYSIS RZIPORT

FIGURE 5.1-2

REACTOR COOLANT SYSTEM
PROCESS FLOW DIAGRAM

(SKEET 2 of 2)
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5.4.2.5.3 Mechanical and Flow-Induced Vibration Under
Normal Operation

In the design of Westinghouse steam generators, the potential
for tube wall degradation attributable to mechanical or flow-
induced excitation has been thoroughly evaluated. The eval-
uation included detailed analyses of the “ube support systems
for various mechanisms of tube vibration.

The primary cause of tube vibration in heat exchangers is
hydrodynamic excitation due to secendary fluid flow on the
outside of the tubes., In the range of normal steam aenerator
operating conditions, the effects of primary fluid flow inside
the tubes and mechanically induced tube vibration are considered
to be negligible,

To evaluate flow induced tube vibration in the preheater region
of the tube bundle, Westinghouse undertook an extensive program
employing data from operating plants, full and partial scale
model tests, and analytical tube vibration models. Operating
plant data consisted of tube wear data from pulled tube eval-
uations and eddy current tests and tube motion data from
accelerometers installed inside selected tubes., Model testing
generated tube wear data, flow velocity distributions, tube
motion parameters, and flow-induced tube vibration forcing
functions., The tube vibration analyses applied the forcing
functions to produce tube motion data. The results of this
evaluation were consistent with the early operating experience
of preheat steam generators.

On the basis of an extensive model test and analysis program,
Westinghouse designed, verified, and implement=d a modification
o the steam generator to reduce tube vibratory response to
preheater inlet flow excitation. Additionally, the magnitude
of the flow forcing function was reduced through implementation
of a preheater flow bypass arrancement in the feedwater system.
The verification of the performance of the modifications in
reducing tube excitation and response was done with input

from a full-scale test under simulated conservative flow and
tube support conditions,

Fatigue of the tubes in the preheater region which are subject
to flow-induced excitation is not a concern since ti.2 maximum
resultant stresses in the tube are below the endurance limit
of the material.

For areas of the tube bundle other than the preheater, parallel
flow analyses were performed to determine the vibratory deflections.
These analyses indicate that the flow velocities are sufficiently
low such that they result in negligible fatigue and vibratory
amplitudes. The support system, therefore, is deemed adequate

with regard to parallel flow excitation,

5.4-15
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4 Allowable Tube Wall Thinning Under Accident

An evaluation is performed to determine the extent of

thinring that can be tolerated under accident conditions

such a postulated design-basis accident, vipration 1s OI SQL
enough duration that there is no endurance problem. The It

of a siudy made on "D series" (.75 inch nominal diameter .043
inch nominal thickness) tubes under accident loadirg are
discussed in WCAP-7832 (Reference 3) and show that a minimum wall
thickness of .026 inches would have a maximm faulted condition
stress (i.e., due to combined LOCA and safe shutdown earthLjuake
loads) that is less than the allowable limit. This thickKkness 18
.010 inches less than the minimum steam generator tube wall
thickness .039 reduced to .036 inches by the assumed general
corrosion and erosion 1oss of .0033 inches.

The corrosion rate is based on a conservative weight loss 1
for Inconel tubing in flowing 6509 F primary side reactor
fluid. The weight loss, when equated to a thinning rate and
projected over a 40-year plant life with appropriate reduction
after initial hours, is equivalent to .083 mals thinning. 71h
assumed corrosion rate of 3 mils leaves a conservative 2.917 mils
for general coxrosion thanning on the secondary siae.

The steam generator tubes, existing originally at their minimum
wall thickness and reduced by a very conservative general

corrosion loss, still provide quite an adequate safety margin.
Thus, it can be concluded that the ability Oof the steam generator
tubes to withstand accident loadings is not affected by a
lifetime of general corrosion losses.
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the feedwater isolation bypass valve. A small controlled
flow through the 3-inch feedwater isolation bypass line
is provided to flush the main feedwater piping between
the isolation valve and the steam generator.

Three sets of three RTD's are provided on the main feed-
water piping upstream and downstream of the feed:ater
isolation valve and near the steam generator fee:lwater
nozzle to detect when the feedwater flushing tem)erature
rises above 255° F. Two out of three logic is p-ovided

for each set of thiece RTD's and all three must b: satisfied
to meet the forward flushing temperature regquirenents.

If flow in the 3-inch feedwater isolation valve bynass

line (forward flushing flow) remains above a preset .iinimum
and below a preset maximum and the flushing temperatures
remain satisfied, a timed period occurs after which a

permissive signal is provided to automatically open the

feedwater isolation valves. Automatic opening of a feed-
water isolation valve can be blocked by placing its control
switch in the mair control room in the closed position.
This automatic permissive to open occurs after a timed
period to allow epproximately two volumes of water %o

be purged from the piping between the feedwater isolation
valve and the steam generator main feedwater nozzle.
Feedwater flow at the main feedwater flow-element must

also be above a pre=et minimum in order for the feedwater
isolation valve to open.

After the feedwater isolation valve has opened, the feed-
water isolation bypass valve will be manually closed.

Prior to opening of the feedwater isolation valve, transfer
from the feedwater bypasc control valve to the feedwater
control valve will occur in order to provide steam generator
level control at the higher feedwater flow conditions.

If flow to the steam generators remains continuous during
a load transient and above a minimum flow rate, feedwater
will not be terminated to the main feedwater nozzle even
if temperatuve of the feedwater has dropped below 250° F.
Interruptior. or a reduction in flow below the minimum
rate however, will cause the feedwater preheater section
of the steam generator to be bypassed.

Steam generator low level trips are provided to close

all of the feedwater isolation valves, feedwater isolation
bypass valves and feedwater preheater bypass valves.

Steam generator low pressure trips are provided to close
all of the feedwater isolation valves, feedwater isolation
bypass valves, feedwater preheater bypass valves and

the feedwater bypass tempering valves.

10.4-12
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