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Mass/energy r.'tases follOWing a steamline rupture are used to determine the 
temperature prufiles for qualification of equipment. The temperature profile 
is a function of both the steam blawdown and the compartment in which the 
equipment is located. This analysis provides Information for use in evaluating 
the effects of steam generator tube bundle uncovery and the associated 
supteheated steam generation for areas outside contairuint.  

This analysis identifies the relationship between the time of safety actuations 
and the time of tuLe bundle uncovery in order to determine where safety 
function actuations may be challenged due to the superheated steam generation.  
The safety functions which my be required in the event of a stemline rupture 
and which were addressed in this analysis are: reactor trip, safety injection, 
stenline isolation, feedline isolation, auxiliary feedwater fow initiatinn 
and auxiliary feecbiater flow realignment. The time of tube bundle uncovery 
depends upon several factors including initial conditions, break size, and the main ond auxiliary feeckater flcwrates. This analysis utilized limiting 
asrptins to- predict the earliest tube bundle uncovery and to determine the 
areas of concern where required 3aftty actuaticns may not occur prior to steam 
generator tube bundle uncovery. Thee areas are defined as a function of break 
size anel Initial power level. Mass and etergy releases ore provided for the 
limiting break sizes and power levels where tube bundle mucovery preceeds a 
safety actuation.  

MUALSTS DESCRIPTION 

1he LCTRAN code wa used In this analysis and 16 a digitl cmputer code 
developed to simxate the tranient behavior of a multi-loop pressurized water 
reactor system. LD AN siMulates ueutrom klietics, thermal-hydraulic 
conditions, pressurizer, steam gmneratora, reactor coolant pumps, and control 
and protection system operations. The LOTAN code has been modified, Reference 
1, to model heat transfer which my occur in the uncovered tube regon of a 
stem gmnerstor and to provide the resultant superheite stem mss end energy 
releases.
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The assumptions used In this analysis were selected to conservatively predict 
the earliest steam generator tube bundle uncovery time and therfore, the 
earliest superheat initiation time. The major assumptions to accomplish this 
purpose are listed below: 

a. Primary system temperatures were maximized in order to increase the 
primary-to-secondary heat transfer. This promotes earlier tube bundle 
uncovery and maximizes the superheat steam enthalpy following tube 
bundle uncovery. Assumptions which accomplish this are: 

- maximum temperature error allowanc-.s for the initial conditions 
were assumed.  

- The most reactive Rod Cluster Control Assembly is assused to 
remain in its fully withdrawn position following reactor trip.  
This results in a minimum shutdown margin, increasing the 
possibility and magnitude of a return to criticality and 
resultant core energy generation during the event.  

- 120% ANS (1971) decay heat generation was assumed.  

b. Reverse heat transfer from the intact steam generators to the primary 
system was modeled following steamline isolation. This maintains a 
maximum primary system temperature throughout the transient.  

c. Minimum intial steam generator water levels were assumed to promote 
early tube bundle uncovery.  

d. Maximum feediater and auxiliary feedwater temperatures were ass wed.  

e. Feedwater isolation was assumed to occur with minimum delay following 
a feediater isolation signal. Continued feediater flow or feedwater 
isolation valve failure would result in inventory addition to the 
steam generator and, therefore, would serve to maintain steam 
generator level and delay tube bundle uncovery.  

f. A limited main feedwater response was used where significant delays in 
the reactor trip functions occurred. No response was asuimed for a 
rinimum of 60 seconds after the initiation of the break. Following 
this, a slow (linear) response of the feeiater system was assumed 
which was limited to a maximum of 107% of initial flow for full power 
cases and to a mximum of 110% of initial flowrte cases initiated at 
less than full power.  

g. A failure of the turbine driven AN. pimp was assumeed in order to limit 
mss addition to the stem generators. Auxiliary feeaater flowrates 
from the motor driven pimps were defined as a function of steam 
generator pressures The auxiliary fee"ater flowrates which were used 

take Into account the effects of line resistwnce and differential 
stem gnerator pressure on &uxillary fesCiater flow.
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Calculations were performed for Initial conditions of Full Power, 70% Power.  
30; Power and4%%,(critical) Power. A spectruw of break sizes ranging fromut 

J was Investigated for each power level. Figures 1 throul• ii 
sumarize the results of the stembreak calculations. These figures show the 
timing of various safety actuations and the timing of tube bundle uncovery as a 
function of break size.  

The results can be divided into four categories Classified by the protection 
systan actuations which occur prior to tube bundle uncovery. Each category 
defines a range of break sizes which are applicable at a given power level.  

1. Reactor Trit. Safety Injection. and Aatcmatlc Stew-line Isolation 

For the following break sizes, reactor trip, safety injection and 
steamline isolation occur on a Low Steumline Pressure Signal 
coincident with a Hig Stean Flow Signal (LSP/HSF).[" 

0 AO6 second delay time was 
used between receipt of the auxiliary feelater initiation signal and 
auxiliary feedwater delivery.  

e.U 

Full Power 

70% 

305 

Hot Zero Power 

For break sizes mller than the above sizea, a LSP/HSF coincidence 
does not occur.
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1aretor TrID and Safety Injeetion

For the following break sizes, 
prior to tube bundle uncovery.

reactor trip and safety injv.:tion occur 
t

:1 ' +AL A

Break'Si2e Ran,,e (Ft 2 ) 

rpm ~. -nA.e,

Full Power 

70% Power 

30% Power 

Hot Zero Power

fla-~~ Tr4v~ ~f*tv 1fli.d-t4rw~ 
flESt~LLI~ A* *ru4 Unvuinl ~t.m1iv~ ThnInHe~n

For the follwing break sizes, reactor trip and safety injection occur 
prior to tube bundle uncovery. In additiz, manual steoline 
isolation at 10 minutes will occur prior to tube bundle uncovery.  

Pfl ..evelf Break Size Rm•. (Ft2 )

FullI Power 

70% Pwer 

30 Power 

Hot Zero Power

61,!t

T i Cmr t I i t i AnA M2 I qt-ammlirw Tnala*inn Rm6hml. L No b A M ha K"I IMIII



WESTINGHOUSE PROPRIETARY cLASS 3

4. No Protertton/Safegards Arhit ion 

For these cases, the main feecMater system maintains the tubes covered and only saturated steam releases result until after operator action Is taken.  
The net result for these cases is an incregsed steam loud on the plan 
corresponding to the break flow. The break sizes below which no safety 
actuations occur, due to the capability of the feedwater system to 
compensate for the increased steam flow, depend upon both the feecwater 
control system capabilities and the initial conditions of the plant. The 
approximate break ranges for the Full Power, 70%, 30%, and 0% Power cases 
are given below: 

P LeveBreak Sie Range (Ft 2) 

Full Power 

70% Powaer 

30% Power 

0 % P o wa e r 

Break sizes In the range Identified above are a.-sumed to be dependent upon 
operator action to termimte the break release. The mass/energy releases 
will be limited to sattrated steam until after operator action occurs.  

Tables 1 through 12 provide m3ss and energy release data for 30%, 70%, and Full Power cses. All cases initiated from 0% (critical) either resulted in an insignificant mount of superheat being generated or were bounded by the 
resullts for the hi~ar PO"eW.ases. Tables 1, 2, and 3 provide .838/energy 
rele•ase data for a J lbrk Initiated at Full Power, 705 Power, and 30% 
'Iwer respectively. For these caWes,( 

b]tau"m 49!, , an d t 

provide mass/energy releaae data for the mallut brook size In which an 
automtic stemline iaolation Alml Is obtained. The data In the tables 
however reflect 8s5/energy reieases without automtic stmnlire isolation.  
These cases were performed to provide bounding mass/energy release data for 
CaSe 3In which an autooetic st*mlim Isolation sorel Is not obtairaj Tables 5 through 12 provide Mass/energy release data for ak 
initiated at 30%, 70%, and Full Power.
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For cases in which greater thanC" 

mss/energy release data E
Y" Tables ii through 9 and 12 provide

.3 I&e

1. Osborne, M. P., Love, D. S.,"Hass and Energy Releases Following A Steamline 
Rupture, Supplenent 1 - Calculations of Stewm Superheat In Mass/Energy 
Releases Following A Stemline Rupture," WCAP-8822-P-S1 (Proprietary), 
January 1985.
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TABLE 1 

VAMlrS l uer., Rn!SF

FULL PMER - r I3TEAILINE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

OKbe
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TABLE 2 

70% mwis -C )TMLINE BREAK 

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY
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TAMBE 3 
WAMII R• AR e~sr~ m:.J 0. b,e

30% PWER -C ..3snm?.mN BWA 

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY
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TABLE 4

WATTS BAR MSENERGY R•LFAsF:

FULL POWER -[
. 4., c .  :1STEAMLINE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

a-, b,.
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TABLE 5 

WATTS BAR MARq/•&'Drv Do rAe

70% POWER -C S.rEAMLINE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

o~
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TABLE 6 

WATrh BAR H•I-SENERGY RELMASES

30% POWER -t 3STEAPL1NE BRLAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

.b,

•m



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 7

WATTS flu HASR/~Y R~1FA5~F~

FULL FM0 .C J'rEA INE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY
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TMBLE 8 

70% POWR -)M VE BREAK 

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

a-, bA
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TABLE 9 

VIM .-RAN ,1W'IJ M .rM-FM

30% POWER -1 STEAMhLINE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY



WESTINGHOUSE PROPRIETARY CLASS 3

TABLE 10 

WATTS BAR MOV rNERGY REI.SLR

EUL,. P•WER - )StEA •INE BREAK

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

L-
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TABLE 11 

WATTS BAR A-•/ENFRGY Rm.-F 0, bA 

70% POWER - hSTEAMLINE BREAK 

THIS TABLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY
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TABLE 12

309 IkER -[ j"STEAMLIE BREAK

THIS T.BLE IS CONSIDERED PROPRIETARY 
IN ITS ENTIRITY

L

a, b,-
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-FIGURE i 

WATTS BAR S.EAMREK INITMATED AT FULL KME, 

SAWEY SYSMTD ACUJATION AND TUBE BUILE UNOWNERT TIDES 

AS A FUNCTION OF HEADER BIEAK AREA : 

T41S FIGURE IS Cn#SIWnFEn PO'POOIFTAR) 

IN ITS ENTIPITY 

.. I
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-FIGURE 2 

WATJ sAR STEAM-BREAK INITIATED AT 70% POWER

SUE-SYSTD4 ACTUATION AND TUBE BUNDLE UWOVERY TIMES 

A-A FRUNCTION OF HEADER BREAK AREA 

TRIS FIGURE IS fS ..PfEn PP•7TARY 

IN ITS E'PITY -

ohC



*T4IS'F;GURE IS CrMPSlnP'Er' PP'-PP!P2TA9Y

U
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- ftGUR3 
WATI S BMR SWSK*K XnIIATEJ) AT 305 k7dER 

SAFETY SYSTEK ACTUATION U MI .WE BUMn S UWCOERy TMDE 

MD A FUNCTMlN oFrt*Dcbm Aic AREA

-j 9b sc
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FGUR 4 

- WAMl BAR MIUSEAX =MITATED AT 0% POWER 

SAFETY SYSTBI AMIN= AND ME BUNILE UNODVERY TM .j 9,b ,c 

AS A UNU OF EA DER BREAK AREA 

TMIS FIGURE IS CTnNSIn.FETi PWPnIE'TARY 

IN ITS ENTIPITY

,,,2 -I


