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n ,v m smaePimary to Scoondafy Leakge Rate Dsing Tube Ruptur6 Event Mona% n.  

: lnV15(00 N=_ 

Hot) .."MEW.

The.intent of this caleclation is- to. provide estimates for primary to secondary leakage rates at various time periods dtroughout the.  

tube ruptureevent hese est•imates wilJ aid in the SLI team in understanding of the event dynamics.  

-The t6oa volume of water transferred from.the primary side to the secondary side.was also es.dimaed.  

CUAC!?aWZOM =&T1 /AOSWWWZOLTS 
The development of the estfnated leakage into 24 Steam Generator (SG) used, where possible, measured plant parameters. The key 

input parameters. Were-the charging flowrate, letdown flowrate, pressurizer level and the water level in SO 24. The particular 

* parameters used at- a giv.n.time during the evett were those that were determined to be less influenced by the plant transient These 

parametrs. were not adjusted for measurement uncertainties or uncertainties introduced by the transient, As such the tube rupture 

flowraes determine, d nst be regarded as nominal values, 

"1 .ZQ • "sA~ . .llltas 

1. SAS: or Proteus data via.thd Plantlnfonmation interface.  
2, Pidpertlee of Saturated. and Supeetbe~d Sfaam. Combuston Engineering 

3. We 0ngou..Prasr*ui7rVeidor nul.' #1890, 
4. ..Graph SP-19, •2 Stean -enerator Volume versus Level.  

"The flowvate through the ruptured tube vailed throughout the event. The highest flowrate was encountered prior to the reactor trip 

and was estimated to be 109:gpm. Afwe the reactor trip and prior to the manual SI the primary to secondary side pressure drop 

decreased and the ilowate decrased to an estimated 91 gpm. After the manual SI the primary to secondary *ide pressure drop' 

decreased rapidly aMdconsequenfly so did the flowate, At times between the SI and Cold Shutdown this pressure drop was 

positive, zero. or negatve, When ther pressure drop was negative there was back flow between S 24 and the RCS. Between SI and 

Cold Shutdown the estimated ftowrate varied between 70 gpr and 0 gpm.  

Thevo.lu.mneof water trwnsferred from the primary side to the secondary side were: estimated as follows: 

Tube Rupture to Reactor Trip 1313 gallons.  
Reator:Trip to.Maual:SI 8685 gallons 
Manual St to Cold Shutdown . 9199 gallons 

The total volume of primary-side.Water transferred to the secondary side is therefore estimated at 19200 gallons.
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E-timated Primary to Secondary Leakage D,• • ng Tube' RuptureEvenCt Calotflation PGF00443-'0O

Summlary 

Event Period 

Tube Ruptueto Reactor Trp 
Rector Trip to Manual SI 
Post St 
Post st 
Post St 

-. Post sl 

Past Si Post Si 
Post SI 
Post SI 
Post St 
Post SI

lime

t9:n7to 19•2S 
la 2s to2l:0.4 
21:04 to P-1:30 
2.1:30 to 22:00 
22:00 to 22:.30 
22:30 to 2U6 .  
2 .ooto .S3o 

06:00 to aon.o 
07:00.to 12:30 
.12:30 to 100 
14:00 to Cold Shutd•o

Average 
Primary to Secndaiy Leakage Volume . .(gpm):. . . (gallo.) t' 

,.. .:.. lO10 1.. .'.31:3 ' 

91 BS 
0o 1-.4 

37 1,120 

.7 200 
3......

0 
11 
11 
18 
0

o 
665 
300 
1600 

0

T'ha total vorume of primary to secondary leakage = 19197 gallons"

"The leek rates calculated are In g1ven In gpm of colda water (100 F and atmospheric pressure).  

"The water volumes calculated are given In gallons of *cold! water (100 F and atmospheric pressure).  

Introduction 

The prmary to secondary leakage rates durIng the tube rupture event are calculated, Inputs to the 

calculation are from measured plant parameters. -The origin of each calculation Input ..  

Is Identified In the body of the calculatton. Ffgures I through 7 show some of the measured 

plant parameters that are usedor refered to In this calculation. These Figures odgInate from 

SAS or Proleus (Ref. 1).

-0 C; 

'7 

0H

ii

The tube rupture flowrate was astimated for four periods: 
1 Just Prior to Tuba Rupture 
2 From Tube Rupture to Reactor Trip 
3 From ReactorTrtp to Manual SI 
4 From Manual SI to Cold Shutdown 

The calculations for each of these time pedods are now presented.

C
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Esti mateda Prim''ary, t'o S econdaryiý Lakage burin g Tu be R.u-pture Even t Cal c.ul ati on P GI0.443-0O0

Time Period Just PriortoTt.be Rupture 

One Chargn Pump Opatg Pressurizer Level .Steady. .. " ."• •" 

C.haritg Flow .9 gpm (From computar pqoit F"128 -t:se.figure 2)-.  
L ietdon Row 8S gT" (From camputer poTnt M0124 - seeF gFre 2) 
During seady state at power operatron the total inhflo to Me RCO Is'matched by tlh total outflW..

The tot] inflow i$ given by the cbarglngflow as measured on F0128 p~us the seal kjection f'low returned to ]he 

RCS vta the pump shalt The seal injection flow returned to the RCS is'gven by the dffrence.  
between the as measured .charging and letdo*wýnowrmtes.

Therefore, seal injection returned to RCS =

Time Period

28 gpm

From Tube Rupture to Reactor Trip (19:17 to 19:29)

Deternine average charging flow (1-9:17 t 19:29) 

Charging Flow from SAS computer point F0128 (See Figure 2).  

Charging flow Increased abruplly when the second charging pump was started.

19:17 to 19:19 
1 .19 to .19:20 
19.:19 to 19.21 
19:21 to 19:25 
19:25 to 19:29

61 gpm for 
80 gpm for 

118 gpm for 
101 gpm for 
119 gpm for

2 minutes 
I mtnutes 
I minutes 
4 m~nutes 
4 mfnutes

Therefore, average charging flow = 100 gpm for-

H 

C 

N 
C 
C 
C 

N 
I.  

Pd 
LJ

-7 

-I) 

-U

12 minutes
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EstimAted dPrimary to Secon6daqy'Leakage Duirng Tube Ruptur Event Calc)uatlan PM1-00443-O0 

Determine average se;at iniection flow returned to Res (11R`97 to 19.,291' 

The seal InfecionfTow returned t thb RCS inreases (scales) as- the charging flow Incrases 

"Therefore the seal inj. retufred fow scaling factor is 1I00 dvidedby 60 " " 1.67 

"Th~erefore theseal-inj. redtUmrfl1oaw'dUtg this peif:od Is" 28 e 1:67 .i ..47 . g " ~~~ .. .. • . 9,: ,, 

Determination of total inflow to RCS from .chrihng sydtem(19:17 to'ilS2b) 

The total inflow is the sum of the charging flow and the seat in]. returned fow 

Therefore, total inflow = 100 plus 47 = 147 gpm 

Letdown Flow (19:17 to 19:29) 

Letdown Flow tram SAS computer point i=0134 (See Figure 2).  

Letdown Flow remained constant during thIs pedod = 87 gpm 

Pressurizer Level (19, 17 to 19:29) 

Pressurzer Level from SAS computer point L0480 (See Figure 3). \ .

The pressurizer level decreased significantly duTing the period.  

19:17 to 19:29 Level decreased from 43.4 % It o&5 % 

Assuming that 1% level is equivalent to 129 gallons of Thor water (650 F and 2235 psig).  
[Based on distance between taps and Inside diameter from Ref. 3.1 

Then, equivaTent volume of 'cold" water Is 75.6 gallons (Conversion "hote to "cold" from Ref, 2).  

Then this level reduction is equialent to an Inventory change of -597 gallons of "cold" water 

At an average rate of -SO gpm for 12 minutes

,-4 

I 
D-i 

Iu 

0
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. . ..• ....  

isltmated Primary to Se*ondary Leakage During Tube Rupture EVent Calculation PG1-00443-00 

Estimation of primary to secondary flow rate durIng th;S peiod to 102) 

Total Mflowy to RCS Leitown Flow + Tube Rupt4re Flay + P es surzer inven.ory .Change .. ... " 

Thirefore, Tube RuptUre Flow = Total Inflow t RO.S - -Let-do wn FIow,ý'rsu zer inventoryChange 

Tube Rupture Flow= 147 minus 87 minus -50 19 lgpm 
Total primary to secondary leakage volume dudring this pertd = 1313 gallons 

Time Period From Reactor Trip to Manua! Si (19:29to 21:04).  

Determine average charging flow (19:29 to21:04) 

Charging Flow from SAS computer point F0128 (See Figure 2).  

Charging flow varies between 120 gpnI and 75 gpm.  

19:29 to 19:38 119 gpm for 9 minutes 
19:38 to 19:52 94 gpm for 14 minutes 
19T52 to 20:08 82 gpm for 18 minutes 
20:08 to 20:31 104 gpm for 23 minutes 
20:"1 to 21:00 85 gpm for 29 minutes 
21:00 to 21:04 115 gpm for 4 minutes 

Therefore, average charging flow = 95 gpm far 95 minutes 

Determine average seal Injection flow returned to ROS (19:29 to 21:04) 

The seal injection flow retumed to the RCS Incrases (scales) Ms the charging flow increases 

Therefore the seal Inj. returned flow scaring factorIs 95 dMded by 60 1.58 

"Therefore the seal Inj. return flow durng this period Is 28 times 1.58 44 gpm

-C 

IJ

C

-, 
o:
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Estimated Primary to Secondary Leakage During Tube Rupture Event Calculation P01-00443-00 

Detetinmnation of toter Inffow to RCS from charging system (f1:29 to 21:04) •..,..  

Th-totalinflow s:s the sum of thecharg-n-ftoandlhefseatinWi.retuedffowr.......... ... .  

Therefore, total inflow =: 9as-phus 44 .. M. gpm .  

Lettown flow (1929 to 21:04) 

S Letdaown flow from SAS computer point F0134 (See. Figure 2). . . . .  

Letdown flow dropped to zero and reestablished at 41 gpm. - .0 

19:29 to 19:32 a4 gpm for 3 minutes 

19:32 to 19:.41 14 gpm for 9 minutes 
19:41 to 21:04 41 gpm for 83 minutes 

"Therefore, average letdown flow = 38 gpm for 95 minutes C 

PressuMlzer Level (19R29 to 21:04)A 
T

Pressurizer Level from SAS computer point L0480 (See Figure 3).  

After the tdp the pressurizer level recovered from 14 % to 35% and then decreased to 26% at S1 

19:29 to 21:04- Level Increased from '14% to 26% 

Assuming that 1% level is equivalent to 126 gallons of 'hor water 

[see above] 

Then, equIvalent volume of *cold* water Is 75.6 gallons 

Then this level Increase is equivalent to an Inventory change of 907 gallons of "cold' water 
IE 

At an average rate of 10 gpm for 95 minutes 

8 of 20 -J



. Eijtimated Prima•y to secondary Leaka9g.During Tube RuptumreEvent Calculition PG6100443-00

Estimation of primay to secondary flow rate:durfin this pe.iod (19:291t6 21:04) 

Total tnflow to RCS = Letdown Row+ Tube. Rupture Izlow -• Pr.ssuriZer Iwetito Cheanpge

Therefore, Tube Ruptu-b Row= Tola,, In-,ow to RCS- Letdown Flow- Pressurizer Inventory Change 

Tubme uptuti Ftow=". 139,minus.. 38 .. . ++s 10 - 91 gp 
Total proiai Yo secondiary leakage volume during this period = 66 gaonS.  

The above methodology is appropriate for time periods prior to St. For times after Si 

it is conducted that the pressurizeT level measurements are Inaccurate due to the emptying of the 

pressurizer and possible steam Intrusion Into the Instrument's reference leg. Consequently.  
a secondaiy side balance Is used tb determine leak rate for ihe perfod after SI. This gives more 

accurate result as the steam generator was Iso.ated by closing the MSIV and the 
steam generator blowdown prior to this time period.  

l the steam generator Is isolated then the level Increase In the generator can be attributed to primary to 

secondary side leakage and the leakage rate can be determined from the SG 24 level increase.  

(SP-1 9 (Ref 4) gives the relationshtp between SG VWR level and gallons).

Time Period Post Manual Sl (21:04 to 21:30)

Steam Generator 24 Level from SAS computer point L0463 (Sea Figure 6).

21:04 to 21:30 Steam generator level Increased from approximately 62.5 to- 68.2 %

Assuming 1% wide range level Is equivalent to 320 gallons then the volume Increase over 
tBased on Graph SP-191.

26 minute period was 
or

1824 gallons 
70 gpm

C H 
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Estimated Primary to Secorndary LeakageDuring Tube Rupture E4vent Calculation PGI-00443-0O

.Time Perrid ' aSl : 

Steai Genertor'.24 Level from.SAS .. om'pter pblntfL0463(See Rgur6).  

21$3O to 2200 Steam generator levellincreased from approximately 68,2 to 71.0 % 

Assuming 1% w•de range level is equivalent to 400 gallons then thevolume Increase over 
(Based on Gr9ph SP-191.  

this 30 minute period was 1120 geflons 
or 37 gpm 

lime Period Post Manual .S5 (22:00 to 22:30) 

Steam Generator 24 Level from SAS computer poantL0463 (See Figum 6).  

21:30 to 22:00 Steam generator level increased from approximately 71.0 to 71.5 % 

Assuming 1% w~de range level is equivalent to 400 gallons then the volume increase over 
[Based on Graph SP-191.  

this -30 minute '--period was 200 galloils
or 7 gpm

Time Period Post Manual SI (22,30 to 23:00) 

Steam Generator .24 Level from SAS computer point 1L0463 (See Figure 6).  

22:30 to 23:00 Steam generator level increased from approximnately. 71.5 to 71.7 % 

Assuming 1% wide range level is equivalent to 400 gallons then the volume increase over 
(Based on Graph SP-19].  

this 20 minute period was 80 gallons
or 3 gpm

C) 

rQ CD 

roc
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Estimated Primary to Secondary' Leakage During Tube Rupture Event Calculatton PG0"0443-4O0

Timle Perid 7Post Mbnal SWi 91(23;00 to2330).  

Steam Gernerator 24 Level from SAS computer point 1.0463 (See. F~igure 6).

'22.10 to 2&3ý0 Steam generatorlevel increased fom appoxfmtely • 71.7 to 72.0 % 

Assuming 1% .wýd range level Is equialent to 400'gallons then the volume increase over.  
[Based on Graph SP-19J.'

this

T'rmie Period 

23.30 to 086-0

30 mInute period was 
or

120 gallons 
4 9pm

Pdst Manual SI'(23:30 to 04:00) 

Steamu enrator and ROS pressure were approximately equal throughout this tUme period.  
Steam generator level changes are therefore not due to leakage and cannot be used. RCS 
backi from SG 24 and addition of auxiliary feedwater contribute to the revel changes.  
(See Figures I and 7).

For This time period of 390 minutes there was 
or

0 gallons transferred.  
0 gpm.

Time Period 

06:00 to 07:00

* Post Manual 81 (08:00 to 07:.00) 

Steam generator level Is increasing due to the addition of auxiliary feedwater and the 
primary to secondary leakage. Assume leak rate equal to that between 07:00 and 12:30.  
(See Figure 1).

For this ftme period of 60 minutes there was 
or,

655 gallons transferred.  
11 gpm.

r\-J 

rn 

(J�)

C

1 
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Es~timated Pdmary to Secondary Leakage During Tube Rup Event Calculation P6140 ". ...0 
, tum Evn-.1. in6,04-0

Time*Period Post Manual 51(07:00 to 12:30) 

Steam Generator 24 Level from SAS computeir point L0463 (See Figure 1)..  

07:00 to 12::30 Steam generatpr level Increased from approxhnate*y 81.0 to."' 90.0 .% 

Assuming 1% wide range level Is equtMleht to 400 gallons thean the vorumne I.ncrease over 
[Based on Graph SP-19] 

this 330 minute period was a600 gallons 
or 11 gpm 

Time Perod Post Manual SI (12.30 to 14:06) 

Steam Generator 24 Level from SAS computer point L0463 (See Figure 1).• 

Duting this period the indicated 0G 24 water level heTd constant at approx. 9%,. However, 
there was also a substantial primary to secondary side pressure drop whfch would 
suggested continued leakage. It Is conservallve to assume that leakage continued at the 
same rate as in the previous time parted. An "artificial" level Is therefore used in this calculalion.  

12.30 to 14:00 Steam generator level Increased from approximately 90.0 to 94.0 % 

Assuming 1% wide range level is equivalent to 400 galtons then the volume Increase over 

this 90 minute period was 1600 gallons 
or 18 gprn

rime Period 

14:00 to Shutdown

Post Manual Si (14:00 to Cold Shutdown) 

Steam generator and SOS pressure were approximately equal throughout this time period.  
Therefore, there was no primary to secondary leakage ddlrtng this period.  
(See Figure 1)-

For this time period there were 
or

0 gallons transferred.  
0 gpm.

,J 
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Estimated P~mary to Secondary .eakage During Tube Rupture Event Calculation PG-10443-00

C,

Figures" ... " 

rgw i' RI S. S Wk:i. Range. .. ,Steam :Generaior 24 Oullet Piessue,'Loop I Gold Leg Temperature (WR), 
HHR Hx HeIader Temperature ahd Steam. ejerator 24 Wide Range Level 1&060 2/M5106 to 18:00 au1sibo." 

Figue 2 CharingendLetdwn low19:00. to'24:1)0 WiSID.  

Frgu 4 .Stearm enem.o r24•,6isure 1:00 24:-00 2,0. . . .  
Figurs 5 RCS Pressure 19:00to 24:*002/15/00.  
Figure 8 Steam Generator 24 Wide Rlange Level 19:00 to 24:00 2/ 5/O).  
Figure 7 Steam Generator 24 Wide and Narrow Range Level, Preeure and AFW Flow 1i:00 to 21 -00 2115/00.
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