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. gumseanrmrmE Esnmmd Primary 1o Secondary Leakage Rate During Tube Rupture Event | FROIECT 20, -

| 215700
R MOD NO. RV,

| OBIECT OF CALCULATION:

A'-I'ht_z.int.é-‘nt of this CaIC{iIatioﬁ isto pfovidC: estimates for primary to secondary leakage rates at various time periods throughout the.
Il ‘tuble rupture évent, These estimates will aid in the SL1 team in understanding of the event dynamics.

1 The total. ;rolumc of -w}m:r transferred from the primary side to the secondary side.was also estimated.

| carcvriTIon METROD/ASSUMPTIONS: '

The developrient of the estitnated leakage into 24 Steam Generator (SG) used, where possible, measured plant parameters. The key
- input parameters wete the charging flowrate, lctdown flowrate, pressurizer level and the water Jevel in SG 24. The particular
Il parameters used at a given time during the everit were thase that were determined to be less influenced by the plant transient. These

perameters were not adjusted for measucement uncertainties or uncertainties introduced by the transient. As such the tube rupture
{ Aowrates determined must be regarded as pominal values, : .

DESIGN BASIS AND REFERENCES: |
1. ~ SAS.or Proteus data via the Plant Information interface,
{ 2, ‘Prdpertics of Satatated and Supesheated Steam, Combustion Engineering
3. “Wegtinghouse Pressurizér Vendor Mariual #1830, '
A 4. - Graph SP-19, IP2 Steam Generator Volume versus Level,

. CONCLUSIONB: . . | -

_ § The flowrate through the ruptured tube varied throughout the event, The highest flowrate was encountered priot to the reactor trip
{ and was estimated to be 109:gpm. Aftes the reactor trip and prior to the manval ST the primary to secondary side pressure drop
decreased and the flovrate ditcressed to an estimated 91 gpm. Afier the manual SI the primary secondary side pressure drop’
decrensed rapidly and.consequently so did the flowrate, At times between the ST and Cold Shutdown this pressure drop was
¥ positive, zero.or negative, When the pressure drop was.negative there was back flow between 5G 24 and the RCS. Between ST and
Cald Shutdown the estimated flowrats varied between 70 gpm and 0 gpm.

: Thcydlupqé.of water transferred from the primary side to the secondary side were.estimated as follows:
_Tibe Rupture to Reactor Trip 1313 gallons

" Reactor Trip to Mariual. ST . 8685 gallons
Manual SI to Cold Shutdowri 9199 gallons

The total volume of primary side water transforred to the secondery side is therefore estimated at 19200 gallons.
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. Estirnated Primaiy 16 Secofdary Leakage Diiring Tubé Ruphire Event Caletdation PGEI04A3.00

Summary - : L
L . . - Average - :
. EventPeriod . - Time. Primary to Secondary Leakage - Volrhe
L L e (allonsy
fube Rupture to Reactor Tiip  1&:i7t0 28 .~ .. . - S We - - 1313
- Reactor Trip to Manual St 19:28 to 21:04 : : 9t . 8685
‘PostSt . T 2104102330 . T ¢ 1824
Post St : - 21:301022:00 o & “ 120
Post 5t 22:00 to 22:30 _ , 7 ©200 -
. .PostSt... . . S .. 22:30t023:08- .- - - e B e BOT
. Post SI , 2390 to 23:30 , 4 S A20
" Post St B 25300 06:00 - o b} 3]
Post SI 06:00 to 07:00 _ 1m 6855
Post Sl 07:00.t012:30 ) 1 3600
Post St ’ 42:30 to 14:00 18 1600
Post Sl 14:00 to Cald Shutdown o .0
The total volume of primary to secondary leakage = 19197 gaftons™

*The leak rates calculated are i given in gom of "cold” water (100 F and atmospheric pressure).
~The watsr volumes calculated are given in gafons of "cold® water (100 F and atmospheric prassure).

Intraduction

The primary to secondary leakage rates during the tube ruphure svent are calculated. Inputs to the
calctiation ara from measurid plant paramesters. “The origin of each calculaffon input - - A
is identified in the body of the calculation. Figures 1 through 7 show some of the measured

plant parameters that are used of rafared to In ihis calculation, Thess Figures eriginate from

SAS or Proteus (Ret. 1).

The tube npture flowrate was esﬁmated for four periods:

1 Just Pror to Tuba Ruplura

2 From Tube Rupture to Reactor Trip
3 From Reactor Trip to Manual Sl

4 From Manual S1 to Cold Shutdown

The calculattons for each of these fime periods are now presented.
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" Estimated Piimary tb Secondsry Leakage Buring Tube Ripture Event Calculation PGHIQ4ARG0

Time ?eridd B Jusfﬁriof to Tube Rupture .

- One Cbarging Pump Operanng
Pressurizer Level Steady - E '
' Chargmg Fow: - - 59 gpm . (From computer point F{}‘IES see F‘gure 2).
‘tetdownFlow ---- v BT gpm- (From complter point F134 - see'Figre2y -~~~ 7 0 T 00

During steady state at power operation the'total inflow o the RCS ls ma:ched by the mtal autfiow. -

The !otal mﬂow is given by the charging flow as meastired on F0128 prus 1he sea! injection flow raturned to the
RCS via the pump shaft. The seal m;echon fiow returned to.the RCS is gtven by the d:fference

between the as measured charging and letdoin flowrates.

-Therefore, sealinjection rehzmed to HCS = 28 gpm

Time Pericd From Tube Buphtre to Reactor Trip (19:17 to 19:29)
Defermine nverage charging flow {19:17 tn 19:29)
Charging Flow from SAS computer point F0128 (See Figure 2).

Charging Row Increased abruptly when the second charging pump was started.

19:1710 18:19 81 gpm for 2 minutes
18:19 t0-18:20 - Bogpmfor - - 1 minutes
18:16 10 19:21 118 gcpmfor . ¥ mnutes
18:21 o0 19:25 101 gpm for 4 minutes
19:25t0 19:29 119 gpm for 4 minutes
Therafore, average charging flow = 100 gpm for 12 minutes
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* Estimated Primary to Secdddary't.eakage During Tube Rupture Event {falciiféitlan PGI—GOd#S.—hD i

Determine a\rerage seal m;ectibn ﬂow retumed fo RGS (19.17 to 19~29)

The seal rnfechon ﬂow retumed to. tha RCS mcreases (scares) ds lhe charging ﬂow increases
'. Therefore the seali inj. relumed flow scaﬁng facter Es a

" Therstors the sealin; réfum flow g tms periods 28 ﬁmes 167

Determinahon of total inﬁnw to RCS from changlig system {19‘1? to 19‘29}

The tofal Irifiow is the sum of the charging ﬁom and the seal inj. retumed flow

ﬁemfom, tofai nfiow = . 100 plus - 47 = 147 gpm

Letdown Flow (19:17 1o 19:29)

Leldown Flow fmm SAS i:ompn.t.er- pofnt. F01.34 {See ngré 2.

Letdown Flow remainad constant during this period = 87 gpm

Pressuyizer Level {19:17 to 19:29) . .

Pressurizer Level from SAS computer peint L0480 (See Figurs 3).

The pressurizer level decreased significantly during the perfod.

19:17 to 19:29 Level decreased from 434% to - 885%

Assuming that 1% level is equivalent to 126 gallons  of *hot” walter (850 F and 2235 psig).
[Based on distance bstween taps and instde diametar from Hef. 3.] ’

Then, equis}alent voljume of "cold” waterIs 75.6 gal!olis {Conversion "hot" to "cold” from Ref. 2).
Then this lavel reduction is equivalent to an inventory change of <597 gallons  of "cold™ water

Al an average rate of -50 gpm for 12 minutes

mo divided by 60 - 187
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Estimated Primary to Secondary. Lenkage Durjﬁg Tube F;upi.ufé Event Calculation PGH-00443-00

Estimation of primary to secondary ﬂow rate during this permd (18' 1710 19-29)
Tom Inﬂow to RCS Lerdown Flow +Tube Rupfune F!ow + Pmssuz{zar lnventory Change
4 Therefore, Tube Ruptune Flow Total Inﬂ(rw to RCS - Letdown Flmw Pressuﬁzar Izwentory Change

- 108 gpm

: TubeRupmreFlow_~- $47 minus. -~ 8¢ - minus . -50'
S 1313 gallons

Totat pnmary to secondary Ieakage vohrme durlng thls peﬁod

nmn

- ﬁme- Partod - From Reactor Trip to Manual S1 (19:29 1o 21:04)

Determine average charging flow {19:29 to 21:049) ‘

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

Gharging flow varies between 120 gpmi and 75 gpm.

19:29 to 19:38 119 gpmfor  ° 9 minutes

19:38 to 19:52 94 gpm for 14 minutes

16:52 to 20:08 82 gpm for 16 minutes

20:08 to 20:31 104 gpm for 23 minutes

20:31 t0 21:00 85 gpm for . 29 minutes

a2 OOto 21:04 115 gpm for 4 minutes

Therefere, average chargmg flow = 95 gpm for 95 minutes
Determine average seal injection flow returned to RCS {19:29 to 21:04} '

The seal injection flow retumed to the RCS increases {scales) as the charging flow Increases

Therefore the seal inj. retumead flow scaling factoris 95 divided by 80 = 1.58

Therefore the seal inj. retum flow during this perod is 28 {imss 1.58 = 44 opm
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Estimated Prirary to Secondary Leakage During Tube Ruptute Event Calculation PGH00443-00

) De‘té'rrriination of 'totéf fnﬂcw't‘o HCS frdrﬁ dti'éfgin’g’ ;.ystéi'n (-’19:2"9 1021 :imi :
- Thetotall mﬂow 13 lhe sum of the charglng ﬂ'ow and 1he sear tn; remmwﬂuw
” “,.Therefore.totalmﬂow—- ' 95plus o 44--- : '. . ‘139-gprn
Letdown Flow (19:29 to 21:04) o |
Letdown Flow from SAS computer point FU134 (See Frgure 2)
Letdwm flow dropped to zero and reestablsshed at 41 gpm. .

19:28 10 19.32 34 gpm for . 3 minutes

19:32 to 19:41 %4 gpm for 9 minutes
19:41 to 2104 41 gpm for 83 minutes
Therefore, average letdown flow = " 38 gpm -for 95 minutes

Pressurizer Level (19:29 to 21:04)
Pressurizer Level from SAS computer point L0480 (See Figurs 3).

After the trip the pressutizer level recovered from 14 % to 35% and then decreasad to 26% at S

19:29 to 21:04 Level increased from 4% " o 8%

Assuming that 1% level is equivalent to 126 gallons  of *hot™ water

[see above.]

Then, equivalent volume of "cold™ water is 75.6 gallons

Then this level increase Is equivalent to an inventory changje of 907 gallons  of "cold® water
At an average raté of . 10 gpm for 85 minutes
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Estimation of primary to secandary flow rate’ during this period {18:09't 21:04) -
Total tnflowt to RES = Letdown Flow'+ Tube Rupture Fidw '+ Pressurizer nveitory Chiange
Thierafore, Tube Ruptura Flow = Total Inflow to RCS - Letdown Flow - Pressuiizer Inventory Change - - -

Tube Buptura Flow=-. .- 139.minus. . 38 .  _.mnus - PR 7 S A ,
. Total primary ro__s'ecoriqary.lgdk@evclumeduﬁng this period B = _ B685 gallons.

The above methedology is appropriate for tima periads prior to Sl For times after SI

itis concludad that the pressurizer level measurements ae inaccurate dua to the emplying of the
pressurizer and passibla steam infrusion into the instrument's reference leg. Consequently,

& secondaiy sids balance is usad to determine leak tate for the pariods after Si. This glves more
accurate result as the steam generator was isolated by closing the MSIV and the .
steam generator blowdown prior to this time pariad.

I the steam generator is isolated then iha level increase in the generétcsr can be atiributed to primary to
secondary side leakage ard the leakags rate can be determined from the SG 24 level increase.

{SP-19 {Ret. 4) gives the relationship betvesn SG WR levet and gailons).

Time Pericd Post Manual St {21:04 to 21:30)

Stearn Genarator 24 Level from SAS computer point L0463 {See Figure 6).

21:04 lo 21:30 Steam generator level increased from approximalely 825t 68.2 %
Assuming 1% wide range levells equivaten! to 320 gallons then the volums increase over
{Based an Graph SP-19).
this 26 minuta  period was - 1824 gallons

or 70 gpm

" gitimated Primary to Secondary Leakaga During Tube Rupture Event Calculation PGE00443-00
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Time Period

A Esﬁma_ted:Pﬁmary to Secondary Leakég__a_bmtng ;rupe Bup,turé Eﬁnt Calculation PG!-00443-00

. Post Manual Sl (21 38 to 22:00)

. SteamGeneratorzdi.evelfmmSAScompulerpofntLMsa(SaeFigureS). o T

21 -:30 }o 22:0_0

Time Period

'Steam generator level increased fom apprmdmately . 882 io R 71 0% . ' o :
) Assuming 1% wTde range !evel is equlva!ent to 400 gauons then thevotume Tncrease over
[Based on Gmph SP-19).
this - 30 minute perfaﬁ was 1120 gaflons
T or 37 gpm
Past Mamwal 51 {22:00 1o 22:30)

Steam Generalor 24 Lavel from SAS computer point L0463 (See Figure ).

21:30 to 22:00

Time Period

Steam generator level increased from approximately F1o 715 %

Assurning 1% wide range level s equivalant to 400 gaflons then the volume incteass over
[Basad cn Graph SP-18).

this - - -20 minute -period was’ 200 gallons
or 7 gpm

Post Manual S} {22:30 to 23:00)

Steam Generator 24 Levet from S;\S computer point L0463 (See Fgure 6).

22:490 10 23:00

Steam generator lavel increased from approximately 71510 717 %

Assuming 1% wide range level Is equivalent to 400 gallons then the volume increase ovsr
{Basad on Graph SP-19].

this 30 minute peried was 80 gallons
or 3 gpm
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'TﬁﬁéFéﬁed -

" Estimated P:inig;y to Secondary Leakage During Tuhe Rupture Event Calculation PGHD0443-60 - -

. Post Matfuit §) '[23:06»'1623:30). .

" Gteam Generator 24 Leve} rom SAS oompnter point L0463 (See F'gure 6)

23.00 to 2330

Time Period

23:30 to 06:00

- “iime Perlod

06:00 to 07:0C

Steam generator Iavei mcreased from appmxfmately . ?1 7 tc . . 720 %
) Assummg f% wide ranga Ievel is equbfalent to 400 gallons ihen the volume increase over

[Based on Graph SP—19]

this ’ 30 minute  period | was 120 gallons

or T 4 gpm

Post Maniat $1(23:30 to 06:00)

" Steam generator and RCS pressure wers approximately equal throughout this time pariod.

Steam generator lavel changes are thareforo not dus to leakags and cannot be used. RGS
backfit from SG 24 and additton of auxihaty feedwater contribists to the lavel changes.
{Sea Figuraes 1 and 7},

For this time period of 390 minutes  there was 0 gallons transtermrad.
ar 0 gpm.

- Post Manual St {06:00 to 07:00)

Steam generator level Is increasing due to the addition of auxillary feedwater and the
primary to secondary {eakage. Assume leak rate equal to that between 07:0¢ and 12:30.
{See Figurs 1).

For this time period of 60 minutes  therowas 655 gallons fransfered.
or - 11 gpm. '
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 Estimated Primary to Se¢ondary Leakage Dtirin.g"lfubg_ﬁxi;im?_e.'ﬁ'véqt(‘.fjiaig}é!_aﬁon_P@}i—dg@#{i&ﬁ@"‘r i -

Time Penod : Post Manua'l St (07.00 to 12.30)

Steam Generator 24 Level from SAS oompu’fer point L0463 (See Fgure 1)

07:00 to 12: 30 - 'Steam generator level Tncreased from approxrmate:y L 810 T S00%
A Assuming 1% wide- range Ieve! is eqzﬁva!ent o 400 gallons then the vorume Encrease over
[Based on Graph SP~1 3l . :
this 330 minte  period  was 3600 gallons
of 11 gpm
Time Period * Post Manual S1 {12:30 to 14:00)

Steam Generator 24 Level from SAS computer paint L0463 {See Figura 1).

During ihis peried the indicaled SG 24 wate? level held constant at approx. 90%. However,
thera was also a substantial primary to secondary side prassura drop which would

suggesled continued leakage. It Is conservative to assume that leakaga continued at the
same rate as in the previous ime perfod. An "artificial” level is therefore used in this calculation,

12:30 to 14:00 Steam generator level increased from approximately 90.0 to 94.0 %
Assuming 1% wide range leval Is equivalent 1o 400 gallons then the volume Increase over

ihis 80 minute period was 1500 gallons
or 18 gom

Time Period Post Manual S1 {14:00 to Cold Shutdown)

14:00 to. Shutdown Steam genérator and RGS prassure were approximately equal throughout this ime period.
Therefore, there was no primary o secondary leakage during this period.
(See Figure 1).

For this ime perdod there were 0 gallons transferred.
. or 0 gpm.
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| Figu_res}.' |

" Figure '}

Figure 2

 Figufe 4
Figure §
Figure 6
Figure 7

- E's'timgtéd Primary to Secondary Leakage During Tube Rupture Event Caleutation PGH-00443-00

RCS Wids Hange Pressure, Steam Generator 24 Gtk Pressure, dop 1 Cold Leg Temperamre (WH).
- RHE R Header Temperature and Steam Generator 24 W’de Ranige Level, 18:00 2115503 to

18:00 2/16/08.

‘Gharging end Leidown Flow 19:00to’ 24 00 2!1511')0

Prissunzer Level 15:00 1o 2400 2715700

Stéam Generator 24 Pressure 13:00 to 24:00 2)‘15!00.
- RCS Pressure 16:00 {0 2400 2/15/00. )

Steam Generator 24 Wide Range Level 19:00 to 24:00 2/45/00.
Steam Generatnr 24 Wlde and Narrow Range Level, Préssure and AFW Flow 18: @0to 210021 5100
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