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ISHAM, LINCOLN & BEALE ~ DOCKETED

COUNSELORS AT LAW USHRL
1120 CONNECTICUT AVENUE N W - SU'TE 540 e pem a4 0
WASHINGTON. D C. 20036 Lo¥, N Ik -3 f0
EDWARD S ISHAM. 18721902 2028339730 b CHICAGQ OFFICE
ROBERT T UNTOLN 8721889 THREE FIRST NATIONAL PLAZA
WILLAM G BEALE 18851923 CHICAGO ILLINO!S 60602
. TELEPHONE 312 5587500
Decenber 30, 1982 TEUER: 34000
Ivan W. Smith, Esguire Dr. Richard F. Cole
Administrative Judge and Administrative Judge
Chairman Atomic Safety and Licensing
Atomic Safety and Licensing Board
Board U.S. Nuclear Regulatorv
U.S. Nuclear Regulatory Commission
Commissicn Washington, D.C., 20555

washington, D.C. 20555

Cr. A. Dixon Callihan
Administrative Judge

Atomic Safety and Licensing Becard
c/o Union Carbide Corporation

P. O. Box ¥

Oak Ridge, Tennessee 37830

Gentlemen:

I am enclosing a letter dated December 16, 1982 from
Mr. Tramm of Commonwealth Edison Company to Mr. Harold R. Denton.
This letter encloses information concerning the changes being
made to the Byron steam generators to mininize flow-induced
vibration. This matter was one of a number of issues litigated
under the Intervenors' contentions challenging the integrity of
the steam generator tubes installed at the Byron Station.

The infcrmation covers certain plant-specific data
requested by the NRC Staff., It does not change in any way the
testimony filed by Commonwealth Edison Company on the steam
generator tube integrity contentions.

Sincerely,

a
-

. #
wee p b Taliv
4 Joseﬁg'Gallo

cc: Service List

8401050366 83
gDR ADOCK 050682g4
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Commonwealth Edison

e barst Nabonat Plaza Chaaag
Address Reply to Post Ottice Box 767
Chicago Ninows 60690

December 16, 1983

-
5
“-tw

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Byron Generating Statlon Units | and 2
Braidwood Generating Statlon Units 1 and 2
Steam Generator Tupe Vibration
NRC Docket Nos. 50-454, 50-455, 50-454,
and 50-457

References (a): February 9, 1983 letter from 7. 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.
Butterfleld, Jr. to D. G. Fisenhut,.

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

Dear Mr. Denton:

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 described 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 auriliary feedwater nozzle. Extensive reviews and analyses of these
modificetions have been performed by Westinghouse and by the Counterf)ow
Steam Generator Owners Review Group. These efforts have verifled that
the modifications will be effective In reducing tube vibratlon to asccept-
able levels and that the modiflcations will Introduce no unacceptable
safety consequences during normal or transient operating conditions.




H. R. Denton - 2 - December 16, 1983

This letter provides the plant-specific Information, details of
this modification and the results of plant-specific safety analyses on
the split-feed arrangement. Tables 2.5-1 and 2.5-2 of references (d) and
(e) list the FSAR sectlons and design transients which have been
reviewed. Speclial attention has been given to the preventlion of
waterhammer and to the impact of these changes upon plant operating
procedures. We have concluded that the Byron and Braidwood plants can be
operated safely with the modified steam generators and feedwater piping.

Attachment A to this letter contains revised FSAR pages. These
cortain the necessary revisions to the facility description and accident
analyses. These pages will be Incorporated into the FSAR st the carliest
opportunity.

As indicated in references (d) and (e), inservice inspection
plans and tube plugging criteria are slso being addressed on & plant-
specfic basis. For Byron and Braidwood, the Technical Specifications
already proposed adequately cover these issues. The extensive Inservice
inspection program already acreed upon provides for the early detectlon
of unanticipated problems with steam generator tubing. The 40% pluyglng
criteria appears adequate to prevent mid-cycle failure of any tubes which
are found to experience minor degradation. 7To provide additional assur-
ance of the adequacy of the tube modifications, vibration measurements
are to be made on selected tubes during operation of one of the first
domestic units with expanded tubes. If these measurements indicate the
need for additional inservice inspection, ISI changes can be easily
éncorporated into individual plant Technical Specifications such as

yron's.

e Please address further questions regarding this matter to this
0 ce.

One signed original and fifteen copies of this letter and the
enclosures are provided for NRC review.

Very truly yours,
./ .I( ./T("(},‘Lu-\-<

T. R. Tramm
Nuclear Licensing Administrator
im

Enclosure

7379N
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1k,
12.
13,
l4.

15.
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ATTACHMENT A

FSAR Revisions to Implement 90/10

Table 3.6-12
Table 3.9-16
Table 4,1-1

Table 4.4-1
Figure 4.4-9

Fage 5.1-4

Table 5.1-1
Figure 5.1-2
Section 5.4.2.5.3
Section 5.4.2.5.4
Table 6.2-58
Section 10.4.7.3
Section 15.0.3.2
Figure 3.6-2

Figure 10.a4-1

Feedwater Flow Spiit

Corrections

Revisions

Revisions and Corre-t

Revislons and Carrces
Revicions

Revisions

Revisions

Revisions
Replacement Sectiagn
New Section
Revisions
Replacement Section
Revisions

Revislons

Revisions
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TABLE 3.6-12

CALCULATED STRESSES FOR POSTULATED BREAK POINTS

(For ASME Sec. III Class 2&3 and ANSI B31.1 Piping Systems)

PIPING SYSTEM CALCULATED STRESS
L & UPSET
BREAK PLANT CONDITIONS 0.8(1.2S,+5p)
LINE NUMBER(S) 1D (psi) (psi)

FEEDWATER Loop 1

1FWO3DA-16" B20A 17660 32400.
1FWO3DA-16" B20B 16832 32400.
1FWO3DA-16" B40A 13586 32400 -
1FWO3DA-16" B65A 19150 32400 -
1FwO3DA-16" B65B 20934 32400 -
1FWO3DA-16" B8O 15907 32400 .

FEEDWATER Loop 2

1FWO03DB-16" BS5A 10706. 32400
1FWO3DB-16" 830A 17847. 32400 -
1FWO3DB-16" B30B 17293. 32400 -
1FWO3DB-16" BSS5A 12908. 32400 -
1FW03DB~-16" B8SA 16971. 32400 -
1FW0O3DB-16" B85B 18565. 32400 -

1FWO3DB-16" B100 14974. 32400 -

dvsa-g/1g
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B/ B=IBAR

TADLE J3.9=-10 (Cont'd)

ACTUATED SIZE BODY QUALITY 151
TAG NUMBER BY (in.) TYPE _Group CATECORY Palb
lcve378A,2 - 3 Check A C M=64d-5
1CV9379A,B - 3 Check A G M=bd ="
1cveisel .- 3 Check } " M-1.4-5
1Cve44z - 2 Check i) L M=04 -4
1CVB481A,B - 4 Cheuck 1 ¢ M=-t4~ }
1CVes546 - ) Check il ¢ M-64-4
1CVBB04A Motor (] Gato " " M=64 =4
1rCo09 - . Pluy i A Mot he ]
1rcolo - 4 1" uy " A Mot
1FPO10 Adr 4 Caloe 1" i M-2=-1
1FPOll - Alr 4 Catu I " M-T2=]
LIWO0O9A=D Hydraul fe 16 Gale " " Mot
LI'WO L LA=D - 2. 208 il e I " Mo
LI'W0 35A-0 Alr J uale I i M- i |
1FWC36A-D -- 3 Chock " r M- -
WO Y9A=-D Alr " ale " " U T
[PWUd A=D1 Al ) Ulodm It " Mo
1PWO78A-D - (] Check " A M- 6~
L IADKN Al ] (o havin " i MO 7
LIAOKEG Ay \ e ] " M
LIn088 - M Globu " A M- g
11A091 - ot d Clieck 1" n M=""
1MS001A~-D Comp. Alr 3&.7% Gato i A M= 3=
1MS01 3A-D - 6 Relief 1] ¢ M=35-1
IMS014A-D - 6 Relief 1 T M=% =1
IMS015A-D - b Relict u { M= 15=1
1IMS016A-D - b Relief B ¢ M=135-1
IMS017A-D -- 6 Relief 1 ¢ M=y =1
IMSO18A-D Comp. Air ] Relief B C M=35=1
IMS021A-D - 3 Globe 1) A M=16=]
IMS101A-D ALlr 4 Gate B I M= -
09¥G0S59 Motor 3 Butterfly B ¢ M-47~-2
00G060 Motor 3 Butterfly 1} « M-47=2
0¥Goe6l Motor 3 Butturtly s < M=-47=2
0G062 Motor 3 Butterfly i S M-47-2
0AGU63 Motor 3 Butterfly B C M-47-2
0G064 Motor 3 Butterfly B C M=-47=2
1PGOSTA Motor 3 Butterfly 1 A M-47=2
19G079 Motor 3 Butterfly B A M= 7=
19G080 Motor 3 Butterfly 1] A M=q47-2
19G081 Motor 3 Butterfly £} A M=-q47=2
186082 Motor 3 Butterfly 1 A M-4 /-4
19G083 Motor 3 Buttoerfly i A M-47-2
19Go84 Motor 3 Butterfly 18 A M-47-2
19G085 Moter 3 Butterfly " A M-47-2
1PROO1A,B Air 1 Globe B A M=-TH=10
1PROJ1 Alr 1 Globw B A M=TH=10

3.9-106
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TABLE 4.1-1

FEACTOP DESIGN COMPARISON TABLE

BYRON AND 3RA1DWOOD BYROK ANL BRATOWOOD
UNITS 1 and 2 UNITS 1 and 2 wWOAP- 9500
THERMAL AND BYDRAULIC DESIGN PARAMETERS (LOW PARASITIC PUEL) __{OPTivIlED FUEL) PEFFRINCE CEZIGN
1. FReactor Core Heat Output, (100%), MW, 3410 3421 34
2. meactor Core Heat Output, 10° Bra’dr 11641.7 1164:.7 11641.7
3. Heat Generated in Fuel, % 97.4 97 .4 97.4
4. Core Pressure, Nominal, pslo‘” 2253 2280 2282
§. System Pressure, Minimus Steady State, psia‘“ 222~ 225¢C 22338
6. ™inimur DNBR at Nominal Conditions
Typical Flow Channel 2.0% - .83
Trimble ‘"old Wall) Flow Channel 1.74 .3 3-8 l
7. wipimum DNBR for Design Transients
Typical Flow Channel 21.32 >1.4% L. ¥8
Thimbtle Flow Channel »1.32 >1.47 PE iy |
8. ONB Correlation *R® W-3 vt Modified wES- L 2) wsa-2 12
Soaczer Fac:or)
SOC LANT FLOW
9. Total Trermal Flos Rate, 106 l:"‘:.x 8¢ 5. 4 |
10, tffective Fiow Rate for Teat Travster,
AC6 1%, /he ) 1233 R 5 & 7 |
11. Effective Plow Area for Zeat Tra-sler, i Sosa .. S5¢.°
12. Average Velocity Along Fuel Rods, fr. sec 16.4 % o2 ik
13, 8yerage Mass Velocity, 1:‘ !b".‘.-—ftz i.%9 3.%¢€

‘alies _sed for thermal “viraciic core atalyels

I Tre W=2 sorreiatio- .t cseéd for atalysis of sore ac: Se=ts v vi®z deprezsar.zat.oe :?

See Tatle 1%5.0-2, stee: 1)



14.
18,
16.
17.
18.

19.
20.
21.

Nm.nal Inlet

Ave:age R.se in Vessel
Ave-age Rise 1n Core
Average in Core
Ave:-33e 10 Vessel

"a

_TRANSPER
Ac-.ve Beat Transfer, Surface Area, t:z
Ave:age Seat Plux, Btu ::-ttz

Max.sum deat Flux for Nosmal Operation,
Bto h:-(l:

Ave:age L.-ear Power, «W It

Pes« -inear Power for Noteal Jperation,

<4 224")

Fess —ines: Power Trsulilng from Jverpower
Tra-iient: Uperator Errcrs [35siming B3

Sy . Bum ovErpower Of 1ify , «W fc

Fea« Livea:r Power for Frevention of

Je-terline Melr, kW ft’

TABLE 4.2-1 (Cont'd)

BYRON ARD BRE  OwWOOD
ONITS 1 and 2

{LOW PARASITIC FUEL)

554.9
1.1
61.6
597.4
587 .4

59,792
183,820

442,320
5.44

BYRON AND SRAIDWOOD
oNITS 1 and 2
__OPTIMIZED PUEL

$59.2
58.4
60.7
581.1
586.4

57,500
137,290

457,520
548

1i.6

>16.C

WCAP-9%00
REFERENCE DESIGE

561.6€
$8.5
6.8
594.2
$92.13

57,5%€2
197,200

457,320

5.44

12.6

1
LRy =

"/

nvHa
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TABLE 4.1-1 (Cont'd)

BYRON AND BRA [ WOOD BYRON AND BRAIDWOOD
UNITS 1 and 2 UNITS 1 and 2 WOAP-9500

TEERMAL AND HYDRAULIC DESIGN PARAMETERS (LOW PARASITIC FUEL) (\OPTIMIZED FUEL) REFERENCE DESIGN

26. Power Density, kW per Liter of core!®! 104.5 104.5 104.5

27, Specific Power, kW per kg Uranium 8.4 41.5 41.9
FJEL CENTRAL TEMPERATURE

18, Peak at Peak Linear Power for Prevention
of Centerline Melt, °F 4700 4700 4700

Z3. Fressure Drop“”
ctoss Core, psi 26.3+2.7'"7° 26.3:2.6 2¢ . "-2.6
A-:oss Vessel, Inciuding Nozzle psi 47.424.777° 46.4-4.6 5. -4
SUAE MECHANICAL DESIGN PARAMETERS

32, Design RCT Janless RCC Canless 307 Canless

17 & A% i7 s 7 R &,

N.xber of Fuel Assentlies 33 133 R

ine Wy Rods per A:zsemb.y a4 263 54
28 Pitch, In, -.496 .45 0.46:

34, Twerall Jimensions, in. $.42% u 8.42% £.42¢€ 3 8.426 :. 426 3 B._43¢
P.e. wmeight a3 JOZ . 1o Bl - 204, 23¢ gl Py !

& a3 welght, it =Z.0503 93,37 $3,1%

1sed on cold 3.zensions and 9538 of thedrezizal Jens.t; Tue
ased orn Sest eS:iTATe reasto:r fiow rate 3% Jiscusseld i Sace
ces T:ragSire 3155 zev.3ed “asei on res.ults from Relerewce |

'
'

w o
o
‘

¢

HVNHA- W
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TASLE 4.4-1

THERMAL AND HYDRAULIC COMPARISON TABLE

BYRON AND BRAIOMOOD
UNITS 1 AND 2

DES 15N PARAMETERS _LOW PARASITIC PUEL
Reactor Core Heat Output (100%), MWt 341
Reactor Core Beat Output, 10% Bru/hr 11641.7
Heat Generated in Fuel, § 97.4
Sysien Pressure, Naminal, psu(z’ 4250
Systen Fressure, Minimur Steady-State, psu(Z) 2220
Mir.z.m DNBR at Nominal Condnzons“'
Typical Flow Channel 2.09
Tr.mtle (Ccld Wall) Flow Channel 3«74
M. .zxum DNBE ftor Design ‘runsunu(“
Typical Plow Channel >..30
Thimt.e Plow Channel 21.30
DNS Torrelation "R 3 Wi
Modifie2 Spacter Tace
COLLANT PLOW
Tota. The:xa. PlOw Rate, xa° Lo b -38.6
Eifective FP.Ow Rate for Heat 73.4
T:arsler, A:‘ 13',hr
Elfecrive P.Ow Area for Heat . PR |
Tra~sfer, tt:
Ave:aze Ve.ocity Along Puel €. 4
Rods, [t 'sec
Aver2ze Mass Vel ocity, :cé 18 _‘'Re=-F¢ .

WCAP 9500
REFERENCE
_DESIGN

3411
11641.7
97.4
<280
2250

wWRa- 1

BYRON AT BRA~ MOOD
UNITS 1 AND - |
_(OPTIMITED PUEL,

3411
11641.7
97.4
2280
2250

2.4°
2.3%:

>1.49
>1.47
WRE- |

WYL4-1/0

-~
an
‘

54.1

16.2¢
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COC_ANT TEMPERATURE

Nosi1mal Inlet, S

A e aie Rise i1n Vessel, g
Ave:aze Rise in Core, Op
Averaze i1n Core, °r

i erage in Vessel, e

EEAT TEANSPER

Act. e HBeat Transfer, Surface Area, ftr*
o
Loer 53¢ Heat Pluix, Btu'he-£:°¢
qag. -3 fHeat Pl.x fa: Norma.
€ Bty rr-ft*
B . €al F owep, sk/f2
€3 ca: Powe: for NOTBAEL
.
er: KWt
tear al Fowe; Resu ns ' 4 e LOwer
T Ar 13 Operatocr Errors 235375 4 Bax.
s e
s€ipavy Gf 1188, KW ft
' Lheat Powe: fur Preverz.ar of Tentet:
R R
- aws Lt
P “ns tw per rer of _ore

®Bun

TABLE :.4-1

556.9
€1.1
63.¢€

390.4

S87.4

89,800

‘Continued

» 200
cavi

(9

BYRON AND BRAIDWOOD
UNITS 1 AND 2
_AOPTIMiZED FTEL) _

“8e.

87,
187,
a0,

4.;J

500
Juc
300

4

o

L04.°

NYEA-R 0
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Peak at Peak Linear Power for Prevention
¢! Tenteri.ne Melt, “p

- (++)
Pressure Drop
Across Core, psi

c:oss Vessel, i1aucluding nozzle psi

" - £ ated with the va

- Se . 2.6,

Lt Ser € «:11.6

. Base? O co.d 2 aensi0ng and 9% of

.- Hasiad o ¢St eft1Bate redctor flow

.o Pressire Drops .pdated Lased on res

*5¢ nazbers are not directly compa
b MO i Of a different tler
& Fres re
P va..e uSel JOor therzal hydraalac

TABLE 4.4-1 (Continved)

THEAMAL AND HYDRAULIC COMPARISON TABLE

e ot Fg = (.12

BYRON AND BRAIIWOOD WCAP 9500
ONITS | AND 2 REF ERENCE

LOW PARASITIC PUEL _DESIGN

4700 4700

26.9 + 2,7°% il W 246

47.4 » 4.7%" 4.7 + 4.6

tiTas JdeT =y tie

d:scyssed i S5¢

trom keterence
at.e [or sact pidst o .. R
des:ign prowed.re & # )

ana. ys.s.

BYRON AND 3KAIDWOOD
UNITS 1 AND 2
ACPTINIZEC PUEC

4700

H¥RI-8/F



TEMPERATURE (°F)
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B/B-FSAR

operating plants have indicated that the actua
well above the flow specified for the thermal desian o
plant. By applying the design procedure described in th
following, it is possible to specify the expccted

with reasonable accuracy.

P.l
n
—
£
¢
r
)
-
1

Three reactor coolant flow rates are identified for the varicus
plant design considerations. The dafinitions of the. o flows are
presented in the following paragraghs.

Best Estimate Flow

The best estimate flow is the most likely value for +he zctual
plant operating condition. This flow 1s tased on tno =5t
estimate of the reactor vessel, steam generator anc ,iping £1Ow

resistance, and on the kest estimate of the r-actor © Ant pump
head-flow capacity, with no uancertainti-: asuy ne: o t] '
system flow resistance or the pump head t r
based on best estimate flow, are presen
Although the best estimate flow 1s ti.«
expected in operation, more conservativ
in the thermal and mechanical desigus.

~ T

T
s

Thermal Design Flow

Thermal design flow is the basis for the reactor core chermal
performance, the steam generator thermal periormance, and =
nominal plant parameters ured throughcut the desigun. T0 Lrov:.e
the required margin, the thermal design flow a.counce f A
uncertainties in reactor vessel, steam generztor arnd oi;iog fluw
fesistances, reactor cooclant pump heaa, ana the metLods usc. to
measure flow rate. The thermal design flow 15 aprroximatel, 5.2

-

less than the rest estimate flow. The thermal design rflow 12

confirmed when the plant is placed in operation. l:bulation. of
important design and performance characteristics oL tiL= reictor
coolant systems, as provided im Table 5.1-1, are Lasco on toe

thermal design flow.

Mechanical Design Flow

Mechanical design flow is the ccnservatively high tflow used in
the mechanical design of the reactcr vessel internals and f
assemblies. To ensure that a conservatively hizh [low is
specified, the mechanical design flow 18 wased on 4 r@Jduc
system resistance and on increased pump head capabil.ty. Ioe
mechanical design flow is approximateliy 3.7% greater than the
best estumate flow. Maximum pump overspeed results in o €an
reactor coolant flow of 120% of the mechanical design flow. 1I:is
overspeed condition, which is coincident with a turtfine-gencrator
overspeed of 20%, is only applicakle if, when a turnine tri:
would ke actiated, the turbine governor fails and the rarcine 13
tripped by the mechanical overspeed trip device,



B/B-FSAR

TABLE 5.1-1

SYSTEM DESIGN AND OPERATING DA

Plant design life, years
Nominal operating pressure, psia

Total system volume including
pressurizer and surge line, ft

System liquid volume, including
pressurizer water at,maximum
guaranteed power, ft

Pressurizer spray rate, gpm

Pressurizer heater capacity, kW

. ‘ .3
Pressurizer relief tank volume, ft

-

LIS v A AL LA R
‘ol il

11,695

ano

SYSTEM THERMAL AND HYDRAULIC DATA

(Based on Thermal Desiqgn

NSSS power, MWt
Reactor power, MWt
Thermal design flows, gpm*
Active loop
Idle loop
Reactor
Total reactor floQ, 106 1b/hr
Temperatures, °F

Reactor vessel outlet

Reactor vessel inlet

5.1-8

AN

4 PUMPS
RUNNING

3425

3411

94,400

377,600

140.3

£18.4

558.4

? DIMMMDCh R

98,000

0

294,000
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TABLE 5.1-1 (Cont'd)

Steam generator outlet 558,1 ~ 10 P |

Steam generator steam ‘ 542.3 §38.0

Feedwater 440 408.0
Stecam pressure, psia 990 947
Total steam flow, 10% 1b/hr 15.13 10.24

Best estimate flows, gpm*

Active loop 100,300 108, 300
Idle loop -~
Reactor 401,200 315,900

Mechanical design flows. gpm*

Active loop 104,000 109,500
Idle loop - 0
Reactor 416,000 328,500

SYSTEM PRESSURE DROPS

(Based on PFour-Loop Best hotimate Flow)
Reactor vessel AP 44.7
Steam generator AP, psi 38.3
Hot let piping Ap, psi 2s3
Pump suction piping AP, psi 3.2
Cold leg piping AP, psi 2.3
Pump head, feet $ 290

*At pump discharge.

*#Calculated assuming all feedwater enters stcam generators
through the main feedwater nozzle.

5.1~9



NOTES 1O FIGURE Silee

MODE & STEADY=STATE ° 2 OPERATIC
PRESSURE  TEMPERATLE FLO
LOCAT 10% FLUID PS1G °f goml?)  qepal@l g
1 R.C. 2235.0 617.9 112,259 37.7% !
2 " 2233.) £17.9 12,159 37.] .
3 : 21959 556.7 100,300 37.3) !
4 : 2192.4 556.7 100,854, 37 !
5 . 2280.) 556.9 0.a00 s
6 z 2283.2 556 100,300 37.36 !
7(3) . 22341 617.9 100 0.0272 ,
gld) " 2285.1 556.9 100 6.0% ;
9 . 2194.2 587.0 16 n.070% -
10-18 " SEE LOOP &1 SPECIFICAT ;
19-27 i SEE LCOP #) SPECIFIC -
28-36 " SEE LOOP #1 SPECIFICAT !
F . 22851 5%6.9 1.0 0.0008
8 . 2285.1 556.9 1.0 9.00¢
39 " 2235.0 556. 3 2. 0.0008
4 STEAM 2235.0 652.7 : .o 720
a R.C. 2235.0 652.7 . . 10€0
a2 : 2225.0 652. 7 2.5 0.0008 :
a3 : 2235.0 652.7 2.5 0.0008 v
n STEAM 2235.0 652.7 0 0 :
a5 R.C. 2235.0  <652.7 0 0 MINIMIZE
4 N, 3.0 120 0 0 ;
47 R.C. 2235.0  <652.7 0 0 MINIMIZE
48 N, 3.0 120 0 0 b
49 : 3.0 120 0 0 ’
50 " 3.0 120 - - 450
51 PRT 3.0 120 , ; 1350

WATER

(1) At the conditions specified.
(2) x 10°

(3) Location point refers to the three 1" connections on the hot leq.

(4) Location point refers to the 2" connection on the cold les.
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5.4.2.5.2 Mechanical and Flow-Induced Vibration Under
Normal Operation

In the design of Westinghouse steam generatoc:, the potential
for tube wall degradation attributable to mechanical of flow
induced excitation has been thoroughly evalusted, 1 vz)-
uation included detailed analyses of the tunc support Syoton
for various mechanisms of tube vibration.

The primary cause of tube vibration in heat exchangers is

hydrodynamic excitation due to sccondary fluid (low on th
outside ol the tubes In the range of normal ctoam deneragto
operating condltlons, the effects of primary (luid £.-w inaside

the tubes and mechanically induced tube vibration are considired
to be negligible.

To evaluate flow induced tube vibration in the preheater regi
of the tube bundle, Westinghouse undertook an extencive prograr
employing data from operating plants, full and partial sca
model tests, and analytical tube vibration models. Operating
plant data consisted of tube wear data from pulled tuh:
uations and eddy current tests and tube motion data fron
accelerometers installed inside selected tubes, Model testing
generated tube wear data, flow velocity distributions, tube
motion parameters, and flow-induced tube vibration forei ng
functions., The tube vibration analyscs applied the forecing
functions to produce tube motion data. The results of *bx:
evaluation were consistent with the early operating experio
of preheat steam generators,

On the basis of an extensive model test and analysis program,
Westinghouse designed, verified, and implemented a modification
to the steam generator to reduce tube vibratory response to
preheater inlet flow excitation, Additionally, the magnitude
of the flow forcing function was reduced through implementarion
of a preheater flow bypass arrangement 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 consersative flow and
tube support conditions.

Fatigue of the tubes in the preheatar region which are zubject
to flow-induced excitation i3 not a congern since t..» maximum
tesultant 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 deflecrions,

These analyses indicate that the flow velocities are sufiiciently
low such that they result in negligible fatiguc and vibratory
amplitudes. The support system, therefore, is deemed adequate
with regard to parallel flow excitation,

$.9%15
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To evaluate crossflow at the exit of the downcomer flow to
the tube bundle and at the top of the bundle in the U-bend
area, Westinghouse performed an experimental research progran
of crossflow in tube arrays with the specific paramciers

0€ the steam generator, Air and water model tests wire empl
The results of this research indicate that these regions of
the bundle are not subject to the vortex shedding =

of tube excitation, Vortex shedding was found not to be
significant mechanism in these two regions for the f{ollowing
reasons:

a. Flow turbulence in the downcomer and tube hundle
inlet region inhibit the formation of von Karman
vorticies,

b, Both axial and crossflow velocity components
exist on the tubes, The axial flow component
disrupts the Von Xarman vortices.

This research program was also the basis for evaluation of

the fluid-elastic mechanism due to cross flow at the tubesheot,
The evaluation showed the adequacy of the tube support arrunazment,
Flow turbulente can result in some tube excitation in thece
regions, This excitation is of little concern, however, =inca:

a., Maximum stresses in the tubes are at lesast an
order of magnitude below the fatigue endurance
limit of the tube material, ana

b. Tube support arrangements preclude signiflicant
vibratory motion.

In summary, tube vibration has been thoroughly evaluated,.
Mechanical and primary flow excitation are considered negligible,
Secondary flow excitation has been evaluated, From this evaluation,
it is concluded that if tube vibration does occur, the magnitude
will be limited. Tube fatigue due to the vibration is judged

to be negligible. Any tube wear resulting from the tube vibration
would be limited and would progaress slowly, This allows use

of a periodic tube inservice inspection program for detection

and followup of any tube wear. This inservice inspection program,
in conjunction with tube plugging criteria, provides for safe
operation of the steam generators,

5.4-16
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5.4.2.5.4 Allowable Tube Wall Thinning Under Accident Conditions

An evaluation is performed to determine the extent of tuve wall
thinning that can be tolerated under accident conditions. Unler
such a postulated design-basis accident, vioration is of short
enough duration that tnere is no endurance problem. The results
of a study made or "D series" (.75 inch nominal diameter .043
inch nominal thickness) tubes under accident loading are
discussed in WCAP-7832 (Reference 3) and show that a minimum wall
thickness of .026 inches would have a maximum faulted condition
stress (i.e., due to combined LOCA and safe shutdown eartl juake
loads) that i1s less than the allowable limit. This thicxkivs.y 1S
.010 inches less than the minimum steam generator tube wall
thickness .039 reduced to .036 inches py the assumed general
corrosion and erosica loss of .0033 inches.

-
The corrosion rate is based ¢~ a conservative weight loss rate
for Inconel tubing in flowing 650° 7 primary side reactor coolant
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 mils thinning. ih=
assumed corrosion rate of 3 mils leaves a conservative 2.917 mils
for general corrosion thanning on the secondary side.

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 satety margin.
Thus, it can be concluded that the ability Of the steam gencrator
tubes to withstand accident loadings is not affected by a
lifetime of general corrosion losses.

5.4-16a
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and under startup and light load conditions when +tho
section is bypassed,

The water hammer preventive features are more fully deczord
in the section that follows.

As shown on Figure 10.1-1, the valves and ths pipin na
thereof are Safety Category I, Quality Jroup B, The uliu*

‘ha
.~
-

their downstream sections of Category I main fefdw‘ and
piping are located in the same Category I valve room “whic
the main steamline isolation valves described in Seztion 1

10.4.7.3 Water Hammer Prevention Peatures

Several water hammer prevention features have been dos oned
3~ 3

the feedwater system., These features are proy dcd
the possibility of various water hammer phenomcona in
generator preheater, steam generator main frelwate:
and the steam generator upper nozzle fecdwitar pip :
discussion is typical for each cof the four steanm ¢ r 38z
their associated feedwater piping.

10.4.7.3.1 Start-Up, Low Load Condition=

a. 0Under start-up and low locad conditions when NSSS r
flow is less than 15% and temperatures are less th
250° F, feedwater will only be admitted to the upp

> & 3
ad g

an

er

nozzle of the steam generator by the use of flow through

the feedwater bypass tempering line and/or flow th
the feedwater preheater bypass line via the tecedwa

bypass control valve and feedwater preheatesr bypass

The 6-inch diameter upper nozzle is located on the

shell of the steam generator, below the normal, full
erator

at

power water level. Level control in the steam gen
is provided by the feedwater bypass control valve
these conditions.

rough
t...r

11

b. Surface mounted resistance temperature detectors (RTD)

are provided on each of the feedwater pipes, leadir

to and very near the steam generator's upper nozzle

—\.W

to

detect during start-up and low load condit:ions as woll
as other operating conditions, possible back leakage

of steam from tue steam generator into the feadwatoer
puter

These RTD's are monitored by the plant proceis com
and alarmed in the main control r:om so that actio

ns

can be taken to initiate feedwater flow to the upper

nozzle before potential feedwater hammer conditions

develop.

10.4.7.3.2 Increasing Load

a. As load increases about 15% of NSSS rated flow and
temperatures rise above 250° F, forward fcedwater

may

fendwatc
flushing

Liu

of the main feedwater piping may be initiated by opening

10.4-11

piping.
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the feedwater isolation bypass valwve

flow through the 3-inch teadwﬁﬁor izplarion bBunase .
is provided to flush the main feedwater oining hatw
the isolation valve and the steam generatnr.

Three sets cf three RTD's ara provided on fend
water piping upstr2am and dewnstraam of the foedyar:or
isolation valve and near the ctean gencrator (esdu b

P
[t
’

nozzle to detezt when the feedwater flushing temparature
rises above 255° F. Two out of three logic is proviizd
for each set of three RTD'z and all thrae must be eatizfie
to meet the forward flushing temperature ceguirement

I1f flow in the 3-inch feedwater isolation valo»e by
line (forward flushing flow) remains

and below a preset maximum and *‘t 3d
remain satisfied, a timed periecd nccurs afzier

o

permissive signal is provided to automazi=al o smen b

feedwat2r isolation walves. Autematic apsaing fosd
water isolation valve can be Dlocie - o

gswitch in the main control room in the clcses so312i9n
This automatic permissive to open cccurs a“t:- < 1
period to allow espproximately two volumes WA Sar

be purged from the piping between the I=oc .er isolation
valve and the steam generator main foeedwatar noznl
Feedwater flow at the main feedwater flow-elzment Tt
also be above a prec=et minimum in order for the [ jager

isolation valve to open.

After the feedwater isolation valve has owvened, the “2ed-
water isolation bypass valve will be manually closc

Prior to opening of the feedwater isolation wvalwz, transt
from the feedwater byvass control valve to the fzeduztar
control valve will occur in order to preovide 3tean onerat
level control at the higher feedwater Zlow condiz:~ s,

If flow to the steam generators remains continuous during
a load transient and above a minimum flow rata, {=2eduater
will not be terminated to the main feedwater nozzl2 =van
if temperature of the feedwater has droopad delow 2507 F.

\
Interruotxon or a ceduction in flow below the mini
rate however, will cause the feedwater praoheater
of the steam generator to be bypassed.

Steam generator low level trips are orovided to close

all of the feedwater isolation valves, feedwater isolatlion
bypass valves and feedwater preheater bypass val:
Steam generator low pressure trips are provided to
all of the feedwater isolation valwves, faedwater I3
bypass valves, feedwater preheater bypass valves an
the feedwater bypass tempering wvalwves.

10.4-12
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10.4.7.3.3 Spnlit Feedwater Flow

a. Prior to opening of the fz2edwater icolation valye, the
majority of feedwater flow at the lower power lewval ic

introduced to the upper nczzle of the steam gener-alne
by the preheatar bypass pipe

b. At higher powar levels after the fandwater isolatior
valve has opened, only a small portinn of th~ feoodwater
flow bypasses the preheater, with the bhypa
contributing to approximately 10% of full £ '
at 100% power. This split feedwator flow 11y
provides an anproximate 90% of full "leow !
main feedwater nozzl2 at higher po 1av
to minimize the potential for tubinzg rat p
steam generator. The fzedwater . ro ¢

generator nozzle is monitorad and alarmed,
above approximately 20%, in order “or oot
to reduce flow.

¢. The prehcater bypass valve remains open throughoat the
start-up and low load conditions, as well ¢ up %o and
incluéing full power operation.

10.4.7.3.4 Other Upper Nozzle Feedwater Line Use

fa

Inasmuch as there is water flowing to the upner nozzla of th
steam generator during normal operation, and it is the re i
locatiorn for introducing cold fluid inte the =zteam generator
auxiliary feeedwater and chemical feed are connected to t
nozzle feedwater lines rather than to the main feedwat2r linc
The chemical feed lines are used to add chemicals dirﬁ:t‘y £

the steam generators under low load conditions oprior Lo wet lavup.
The chemical feed and auxiliary feedwater lines are Safety Cateogory

) |

I, Quality Group B out to, and including their isolation valves.

)

-
-1

2 B

4

O un n.";'

’ '..T 7 Ll

10.4.7.4 Safety Evaluation

The condensate and feedwater systems are not safsty-related
as described in Subsection 10.4.7.1.1. 1If it is necessary ¢t
remove a component such as a feedwater heater, pump, or cont
valve from service, continued operation of the systan | 5
by use of the multistream arrangement and the provisio
removing from service and bypassing eguipment and ..ot
the system.

{

oW wn
o

"
on"n

faed-

An abnormal operational transient analysis of the loss of a
water heater string is included in Subsection 15.1.1.

10.4-12a
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errors in the determination of the steady-state power level arce
made as described in Section 15.0.3.2. The thermal power
values used for each transient analyzed are given in Table
15.0-2. 1In all cases where the 3579 megawatt thermal (MWt)
rating is used in an analysis, the resulting transients and
conseguences are conservative compared to using the 3425 MWt
rating.

The values of other pertinent plant parameters utilized in the
accident analyses are given in Tables 15.0-3 and 15.0-4.

15.0.3.2 Initial Conditions

For most accidents which are DNB limited, nominal values of

initial conditions are assumed (including an appropriate tem-
perature margin to compensate for stcam generator tube fouling).
The allowances on power, temperature, aand pressure are determined
on a statistical basis and are included in the limit DNBR, as
described in WCAP-8567 (Reference 10). This procedure is known
as the "Improved Thermal Design Procedure," and is discussed more
fully in Section 4.4.

For accidents which are not DNB limited, or in which the
Improved Thermal Design Procedure is not employed the initial
conditions are obtained by adding the maximum steady state
errors to rated values. The following conservative steady
state errors were assumed in the analysis:

a. Core Power +2% allowance for calori-
metric error

b. Average Reactor + 4.90F allowance for
Coolant System controller deadband and
temperature measurement error and steam

generator fouling penalty

C. Pressurizer + 30 pounds per square inch
pressure (psi) allowance for steady

state fluctuations and mea-
surement error

Table 15.0-2 summarizes initial conditions and computer codes
used in the accident analysis, and shows which accidents
employed a DNB analy:sis using the improved thermal design pro-
cedure.

15.0.3.3 Power Distribution

The transient response of the reactor system is dependent on
the initial power distribution. The nuclear design of the
reactor core m nimizes adverse power distribution through the
placement of ccatrol rods and operating instructions. Power
distribution may be characterized by the radial factor

(Fag) and the total peaking factor (FQ). The peaking

factor limits are given in the technical specifications.
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