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ATTACHMENT 3*

Question:

It is the NRC's position that Reactor Coolant Pump Seals will not last
any longer than two hours with no seal cooling.

.

.

,

Response:
.

'

In the technical review of a Probabilistic Safety Study it is inappropriate
to reach technical conclusions based on regulatory positions.

Northeast Utilities has utilized a methodology to assess RCP seal leak
rates and their time of occurrence based on current state of the art
knowledg9 ffield experience and limjted test. data developed as part oft- Qf eji, going Festfhgh6u'se Owner's 'drou'p''effett'tiri'sh)at pevfsinerste. rw ., ' /* . . . 4.-.; ;. N.- .

7-- -

Attachment 1 is a proprietary copy of the calculations of RCP seal leak
rates vs. time used in the Millstone -3 P.S.S.
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ATTACW9ENT 1 ,

,- |
Designation of Code Letters and the criteria they represent in gletermining
information to be proprietary

a. The information reveals the distinguishing aspects of a process (or 1

component, structure, tool, method, etc.) where prevention of its use
by any of Westinghouse's competitors without license from Westinghouse
constitutes a competitive economic advantage over other companies. ,

I

b. It consists of supporting data, including test data, relative to a
~ process (or component, structure, tool, method, etc.), the application

of which data secures a competitive economic advantage, e.g., by opti- ,

)sization or improved marketability. s

c. Its use by a competitor would reduce his expenditures of resources or |
Iimprove his competitive position in the design, manufacture, shipment,

installation, assurance of quality, or licensing a similar product.

d. It reveals costI or price information, production capacities, budget ,

levels, or commercial strategies of Westinghouse, its customers or '

suppliers. !
'

.

''

e. It reveals aspects of past, present, or future Westinghouse or.custo-
. .. .. .e y.4 . . .v.y. e , . apt. f,u,nde.dade.ve,lopappt.plansgyJrograps ,0f.; pot.gntja1.3.Consjergal .g ,,, .,, . ,, 3 , ,,

.. , -

value to Westi'nghouse -

f. It contains patentable ideas, for which patent protection may be
C'*, desirable.

- - f... .. . . .. .
. . .

g. It ,is not the property of Westinghoust but. . .must be treated as pro- .

. .'K;;O,},,:'.St .e,tyy;by,.g5tj ngu,yi., g,or,d.ify .t,o 4,gr.e
nt,.s,.w1.t{.ge.gwn.eg...,,,.,j
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CALCULATION OF TIME TO CORE UNC0VERY FOR LOSS OF

ALL AC POWER EVENT

f

1. PURPOSE |

The purpose of this letter report is to document analysis performed as part of
Section 3 of the Millstone Probabilistic Risk Assessment Analysis.

2. SUMMARY OF RESULTS

The analysis presented in the following sections indicates that for a loss of
all AC power event in which turbine driven auxiliary feedwater is available,
the time until core uncovery resulting from pump seal leakage is in excess of
6 hours. This result is based in large part upon analysis of pump seal
behavior presented in Reference 1. -

;4. 7.;, : ... 3,s, ;QCID_% SCENJR30 .,DE5jRIP. MON ,,..g,...,;,,, ., ,,, . , g.,.., , , .;... .,.;. . ..,.,.,....,,.;.7,..,+,... . . . n. ,:, .....
.. , ,

The imediate consequences of a loss of .all AC power event, (LOAP), if not

accompanied by additional compli,cating even.ts such as a loss of. secondary heat .
.. . .

.
. ..,

sink, are..rtot severe. ,The , degree of severit,y. of a LDAP . event depends ., ..,, . ,

. w, .. .> prinarily .on;.theeducat.i.en 4f ith.e. powee.< outage 'afid 'the' respons,e.:of7theireactairU: '... ' E. ri < e:.v.r-
;> :. ..c.. ... . . w.. u. n .8 ,r.. ,. . r.e + u w . n . e . M : v : p en. . .. . . : . v n a ~ , . . v. , s . - .. ~

. .

coolant pump (RCP)'sha'ft seals'to the simultaneous loss of high pressure-

injection flow to the RCP seals and of component cooling water flow to the RCP
therral barrier. Loss of high pressure seal injection flow fror. the

charging /SI pumps results in out leakage from the reactor coolant system along

. ; y . . .g,R,C[ Qa.f.t,5 .,.W t,ho,u,t,, power., $hi.ple,akage ,cAn,ngt,he...tep.J 4ced,,acd;.,a.,.t' . - 7 . ;,;,, , , . . . . , ,

continuous loss of RCS coolant occurs with time.

The Millstone Unit 3 RCPs are designed to accomodate the temporary loss of
seal injection flow and componer.t cooling water that accompanies a loss of
offsite power. This is accomplished by the volume of cool water 1'n the seal
area and the time that it takes to leak this water through the RCP seals prior
to hot water entering the seal areas. Under best estimate conditions, the RCP
design should preclude hot water from entering the seal area for several,

! minutes.

54750:10/010584 1
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Under the LOAP event RCP support systems may not be restored prior to the
introduction of hot coolant into the seal system. Under this condition the
RCP leak rate becomes dependent en RCS temperature as well as RCS pressure.

At temperatures in excess of 300'F. RCP seal system sealing capability and
sealing life may start to degrade with a consequential increase in seal
leakage flow.

Seal perfcrmance under high temperature conditions is difficult to analyze due
to several interacting considerations. An April 1983 review of RCP seal
performance under these conditions conducted by Westinghouse EMD (Ref.1)
suggests an increase in seal leak rate from the nominal 3 gpm/ pump at 2235

|

psig to 15-20 gpm/ pump 9 2235 psig due to thermal gradient distortion of fects
and decreased viscosity from increased temperatures. This review further

"

states that although some softening of the No. 1 seal 0-ring is expected, in
most cases no 0-ring extrusion is expected. In the case that 0-ring extrusion
might occur, it would not be innediate and lead to an immediate massive
leakage.

. . ,. y ... .y: w .i. g .. , +.; . n . . c . . y . y .9. . . > . :, . ::.. . ......;.w. -+:a..r.c ..:;,.: . ;,.;... . . . . ..
.

4. PUMP SEAL EXPERIENCE

The- experience data base of RCP pump seals et high- pressure and temperature .is-'' ---

summar'ized in Ref'.'1.- This'expirience includes 8 in'cidents at' opera 1ithg
.

'
' ' '

-

hNN..k MN1hIahN$TcNNY.fIlbbkNNbt kk)h.sN.YhT1abi.hif$ifN'7s.8.kN.hY
'

from 2 minutes to 65 minutes. These incidents give 396 pump-minutes or -

6.6 pump-hours without seal (0-ring) failure. Since there are 10 0-rings per
; pump (Ref. 1), this gives 66 0-ring hours of experience without failure. In

addition to the pump 0-ring experience, Ref.1 identifies non-pump experience
v J %.: :.,:. ggg.itM'ini"p?cisiyle'ne 0' Vings'irf the timpir'afbrE45iige''of 1''teWsD'Iwis #~ '' ' #'I '"N- I n

sainloop stop valves, each with two seals (each seal with 3 0-rings) were
,

tested at 550'F and held at 2250 psi for 10 hours without failure. 0-ring
extrusion, or elastomer hardening. This gives 120 0-ring hours without
failure. Including the mainloop stop valve 0-ring experience gives a total of
186 0-ring hours without cooling and without failure.

I

The total of this data,186 0-ring hours without cooling and no failures, was
; -

used in a Chi-Squared tes,t to find probabilities of 0-ring failure for 50' -

percent and 95 percent confidence levels:

54750:10/010584. 2
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50 = 3.74 x 10'3/0-ring hr.
'

i 1
-2

195 = 1.6 x 10 /0-ring br. .

*

Each Millstone RCP (Model g3A) has 10 0-rings with 4 of these 10 providing
only negligible leakage paths upon failure. The remaining 6 0-ring seals upon
failure can allow leakage of 20 to 300 gpm at 2235 psig. A representation of
these 6 seal leakage paths from Ref.1 is given in Figure 1. A maximum RCP ,

leakage rate of 300 gpm at 2235 psig is given by Ref.1 as an upper bound. As |

| seen in Figure 1. the leakage resulting from certain seal failure is limited !

by downstream resistances. .

To simplify the calculation of the magnitude of leakage resulting from seal
.

failures, the coupling offact of downstream resistances can be ignored as
shown in Figure 2. This artificial decoupling of leakage paths has the offact
of overestimating maximum leakage for multiple seal failures but in addition
allows leakage due to individual 0-ring failures to be calculated independent |

t ..r..y> , :,. Af gth9r,. 0 {isyi,J,apyre.. ?,An.,4%t),on3). sj,mp,1,1.,fy,;1og as,s,uiptior},pic.h ,wij,1 be, , ,, . . g, ,_,, [v .
. ,

, '

|made is that upon 0-ring failure, the-leakage resulting from the failure is
the maximum potential leakage of 100 or 300 gpm as shown in Figure 2. A 60

gpm (15 gpm/ pump 9. 2235 psig) nominal leakage is assumed to be present -
, , ,

regard 14s of, additional ' leakage. . , ' , '
-

' ' ''

. ,,
... ., ,. ., , .

.

ha%t@, f *- + vg* ; .* g. .:s &pary-ga.%9..y. :y*g. - .gi.y<
.

be expressed as Pw, where Pw is calculated by suming the probabilities of the
possible combinations of failures which would result in a maximum leakage of
W gpm. For a four pump system, these probabilities can be expressed by a

< ; e . :. . binomiaLdi.s,tribu.ti,o((Rt f;., 4),,.tg je;.,,y,;,,., , g ,,,m,,,,..
. , , , , , , , , ,,,,.7,,,,.,,,,.,,,.. , ,,, ,,,,

.

,
.
,,

4~I
4t)N 49g3_,-1t)Y g,-it3 g))Px.y(t) = 20!f1-* ) (e

K!(20-x)! Y!(4-Y)!

where Px y(t) = probability of X 100 gpm leakage paths and Y 300 gpm
leakage paths existing at time t.

1 = RCP 0-ring failure rate,
given 20 initial 100 gpm paths and 4 300 spa paths. i

i

.

54750:10/010584 3>
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Thus for leakage rate of 60,160, 260, and 360 spa, the associated
,

'

probabilities are: .

!.
'

P "E
60 0,0

E160 * E1,0

'260 " '2,0
'

E360 * E3.0 + P0,1

Using equation 1 with 1 = 3.74E-3/0-ring hr., a maximum leakage rate.

W ,,, was determined as a function of time for which P ,,, at time t is .

greater than g85, where P,,,(t) is the cumulative probability of leakage of
size W,,, or less existing at time t. The resulting values of W ,,,and
P as a function of time are given in Table 1.aax

5. TRANSIENT ANALYSIS

Ws< . . . . .aT9..Rstimmt.e,the .@,,10. cpre pcovery.rf,ollowiy,g 4 LDAP, e, vent ..us3 3wss,:pt(9 9f.9 ; ,. c...;y.
. . .

LOFTRAN (Ref. 2) computer calculations. These calculations, which are
discussed in Reference 3, were performed for a four loop. 3411 mi |th
Westinghouse plant.j , A number of analyses were pe,rformed, assuming initial , ,

, . ,
,,

pump .s.eal . leakage: rates of .5, 50, and 3.00.gpm/ pump in all 4. pumps; with an4.
,

.-.
, .

g.g:-jHn'M!4N.".*s@[N.IfME.'.*M.gedgg,gqgeg,y.9,ggg,gggg,g.jgug,e g.g,(gg,g,~,9
~

, ,
.

3) shows the time'to core uncovery as a function of initial leakage rate. For i

the smaller leakage rates, the LOFTRAN calculations were terminated prior to
,

cere uncovery and the time to core uncovery was estir:ated by assue.ing a

constant leakage rate af ter problem temination. :
l

, . s . :a. ... . . < : n. . . . . . . . . ' r > . * . ',7 'C . -. ~ '. ? " */ ' , * : .~ . ' * ' i '' * ' * ' ' n '' ' . . . '- |
*' *

.

6. '0ETERNINATION OF TIME TO CORE UNC0VERY

To determine the time to core uncovery for a system in which the leakage size
is not constant, average inventory loss rates were determined as a function of
leakage size. Table 2givestheseresultsasafunctionofleakagesizein
terms of fraction of core inventory above the core which is lost on average

, ,

per hour.

.

.

.

'

.

54750:10/010584 4-
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Combining the results from Table 1 and Table 2, a cumulative fraction of core
.

inventory above the core which is lost to time t (F,,,(t)) was determined at
one half hour increments. During the time interval between t .S to t..a
leakage rate of Wmax(t) was used. These calculations show that F

cum
becomes 1.0 in the time interval between 6 and 6.5 hours. ;

..

!7. CONCLUSION
' |

!

Based on the methodology shown above, it was established that the time for I

which the probability of core uncovery occurring prior to that time is less
than 2 percent is 6.0 hours. This result was used in the degraded core
cooling recovery analysis in Section 3 of the Millstone PRA. .

.

.

- : ' ' '. ~ s <: ' . x ;' c: ' . ~< r- ~ . 2. . > % */ . ' ~.4' ka:..; ,r.v .-x. y',u.. . ..:, v n i.:c: -: ~. ,: a?. " -

'

.

|

|
|

'

- . .- -
- - -.. . . .. .

. .. ,
- . . . . . . .- .- .. -.. , . . . .. . . .

)

r9+ir;i:f;w.9 +.ir.; .t 4% {:nUS 9:W%:9 is % ~ n.n w et % ' M .':-at i:4':.V M A 4 % iV.h i b' & ?

. . ..\ , . . . . . < . . ; . .. h . f ' ; ' '. .. .. ,i, .a : -( .e . - . .: . . ;, , '<;< a. - ~.s.. -:'- -.:.. . ...

.

.
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TABLE 1

|
s

Leakage Site (W,,,) for which the probability of seal leakage being less

than or equal to WEtx (PSEX) is greater than 98 percent. -

{
Time W P .

atx Bax 1

(Hrs) (gpm 9 2235 psig)
. , ,

( a.,C.)- .

_

l

.

>

!.

:
. 1,

i
1

- i
i

,i

*

c. M , .5:,... :s ; ,y c . ~ .u. . : . . .. . . . .. q :-: . . . . . . . o ;: . % . n .. ;. :.: ~,. . . , , .. . - : : :.: -. . ~ , s . .c: . . . e . .. < >; . . ..:. . ..
,

,

- .l-
.. .

. . . . . .
.

, .

.,

.
1. .. . . .. . . . . . . . . , - .. . . . .. . . .

p>}:;.~i ~ MM, : A ;'.;;W..v s az :-. c:vd.*. n' m: a.Q. .;;;&i.+.t.%; s.>g. t :,vs.'. .qt ).MNpn:. . dis. , v2 v *. ns;a. ,

-
_

; '.. . . . -

.. . , . . . . . n:. g. a... . : o . . . . . : , . > ;; . . . . , ~. . n . s . .: .c . ; .>.,:.. ..._ 4 .: :. ..... . . .o. .... . . . . . .

.. e.

.

.

.
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TA8LE 2

TIME TO CORE UNC0VERY AND AVERA E INVENTORY LOSS RATE A3 A :

FUNCTI0n' 0F LEAKA K SIZE

Leakage size Time to Core Uncovery Fraction of Inventory
(gpm 9 2235 psig) (Hrs) above Core Lost /Hr

( A.,C.)- -

.

-
-

' :.s..; ., y ;::' .; e a 3 4. Am ~.+ . *'.? : .'. : , : 1.3e .,h?'w..+ . (..: < s : -t i. . . . . . .D : ' 7. n' '.~ . .=..
' '' ' - n > ' o>- .

. .

. .s. .. .; .. . ;. . . . . c

. . .., .... 3. .
.

. . .. .-
.

. . . .. ,

v;. .g.h .; %<&A ;.v.:k 9 Ya : s:4yUO;; e1.i'c?.*c vy.L: igi:.W:: s-g:M > k k N.6 6 w.~?; M .W .e. M:y G v....4.u. W .~
~

. .

i
|

.
. . .: . . , , . . > ; :s . .. r . . .. . ~ ... . Ti 'g...... - . .~ s , . ; , c . ~4 . w . v . . . .. :: ~; . .r . . : .:. ~ v -. . . . . .

.
.

1

|
i

.

_

.

.

.
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FIGURE 1 SCHEMATIC 0F SIGNIFICANT SEAL LE K PATHS PER PUMP (REF. 1) |
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Figure 3 Estimatee Time to Core Uncovery Following Loss
of All AC Power (R.ef. 3)

.

* Estimates based on leak rates and total mass loss at approximately
2 hours. .
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