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1.0 Core Response tp a MSLSB

1

!

fvent Description

A steam line piping failure event, or main steam line bre k (MSLB),
15 initiated by a rupture of a main steam line pipe upstr:am of the
MSIV's causing an uncontrolled steam release from the secondary
system.  As 2 result of the uncontrolled release of stear, the heat
extraction rate from the primary side is no longer equal to the core
heat generation rate. This power mismatch increases the primary-to-
secondary side heat transfer and, consequently, reduces the primary
side temperatures. When this overcooling on the prisary side is
coupled with a negative moderator temperature coe ficient, the
shutdown margin after scram can potentially be eroced. Such an
eroston of shutdown margin may result in a return-to-piwer which, in
turn, challenges thermal margin. The consequences of this event are
governed by the steam flow rate out of the ruptured steam line, the
primary pump operating assumptions (1.e., with or without offsite
power ), the magnitude of the moderator coefficient, ind the fnitia)
primary sice operating state.

fvent Disposition and Jystification

four cases were analyzed: Hot lero Power (MIP) wit: offsite power
avarlable, HIP with loss of offsite power, Mot Full '‘ower (HFP) with
offsite power available, and HFP with loss of off ite power. The
changes from Table 1 that could impact the MSLB 7re the change in
delay times for the HPS] and Feedline Isolation. The reduction in
the delay times of the HPS] and Feedline Isol>.ion are beneficial
and, thus, the analysis remains bounding.

_Response to a LOCA

Event Description

The loss-of-coolant accident (LOCA) is initiated by a breach in the
‘rimary Coolant System pre.sure boundary. A range of break sizes,
from small leaks up to « complete double-ended severance of the
Primary Coolant System »ipe, must be considered. Typically, these
breaks are classified 25 large and small breaks.

The purpose of the LOCA analyses is to demonstrate that the criteria
sta.ed in JOCFRSO.46(")) are met, namely:

(1) The calculated peak fuel element cladding temperature does not
exceed the 2200°F Yimit,
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(2)

(3)

(4)

Event

1992

The amount of fuel element cladding which reacts chemically
with water or steam does not exceed ] percent of the tota)
amount of zircaloy in the core.

The cladding temperature transient is terminated at a time when
the core geometry is sti11 amenable to cooling. The peak local
cladding oxidation limit of 17 percent is not exceeded during
or after guenching.

The core temperature is reduced and decay heat is removed for

an extended period of time, as required by the Tong-1{ved
radioactivity remaining in the core.

Disposition and Justification

~a

2.1

0.8

Small Break LOCA (SBLOCA;:

The only plant change from those listed on Table ), that
might affect the SBLOCA analysis of record is the reduced
HPSI de'ay time. However, the change in HPS] delay time
represents a negligible amount of additional S! water
injected finto the primary system over a very long
transient.

The reduced LPSI delay time does not affect the SBLOCA
event because the primary pressure never becomes ow
encugh to initiate the LPS] system.

Plant changes from Table | that might affect containment
pressure, such as a reduced fan cooler delay time, do not
affect the SBLOCA analysis because the primary system
pressure remains high and the break flow remains choked
for the duration of the event.

The conclusion for the SBLOCA event s that the analysis
of record is unaffected by the plant changes of Table i
and the SBLOCA event does not require reanalysis.

Large Break LDCA (LBLOCA):
Of the plant changes from Table 1, only the following have

the potential of influencing the LBLOCA analysis of
record:
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01d Value ' Analysis . New Valye

HPST delay time (sec) 45 as’ 25
LPSI delay time (sec) 68 313 45
Containment spray

delay time (sec) 35.6 2h 5.6
Containment fan coolers

delay time (sec) 31 3] 26
Containment High-High

Pressure Setpoint (psig) 27 4.75 9.48

*The original analysis used 30 and 50 seconds; in Cycle 10
the acceptability of 45 and 65 seconds was demonstrated.

Note:

Note:

(1)

(2)

The feedwater flow in the analysis of record is
assumed to be ramped to zero within 1.43 seconds
of transient initiation. This is a much faster
and more conservative feedwater isolation time
than the new feedline isolation time of 14
seconds,

The values wused 1in the LBLOCA analysis are
consistent with the assumption of loss of
offsite power.

The reduced HPS] delay time will result in a
negligible additional amount of SI flow to the
downcomer prior to beginning-of-reflood (BOCREC) time
since the HPSI flow rate is very small compared to
the flow from the Safety Injection Tanks (SITs) and
the change n delay time {s only 5 seconds. A
negligible change in BOCREC time will occur, but what
does occur will be in a favorable direction.

The reduced LPS] delay time will have no effect on
BOCREC time since the delay time is satisfiod after
BOCREC has already occurred. However, LPS] flow
beginning 5 seconds earlier will tend to fill the
downcomer slightly faster, which will cause a slight
increase in the reflood rate, which 1s 1n a favorable
direction. The difference in reflood rate will be
very small and will have no effect on the calculated
PCT since the effective reflood rate is already well
above the FCTF correlation limit of 1.77 in/sec prior
to the time of PCT.
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above the FCTF correlation limit of 1 77 in/sec prior
toc the time of PCT.

The containment spray delay time, wused in the
analysis of record (26 sec), is conservative relative
to the delay time fndicated in Table 1 (35.6 sec). &
shorter delay time will tend to decrease the
containment pressure and reflood rate; however, the
drfference in delay time of 9.6 sec has a very minor
effect on containment pressure and reflood rate ang
no effect on the PCT, since the effective reflood
rate 1s well above the FCTF correlation limit of
1.77 in/sec.

The reduction in fan cooler deiay time will tend to
reduce the containment pressure, which tends to
reduce the reflood rate. However, the containment
pressure s dominated by the mass and energy release
from the primary system, and 3 reduction in the fan
cooler delay time from 31 to 26 seconds will have a
negligible effect on the containment pressure.
Although the reduced fan cooler delay time acts in an
adverse direction, 1t wiil have no effect on the
calculated PCTs.

The analysis of record conservatively wuses a
Containment High Pressure Setpoint of 4.75 psig to
initiate containment sprays. Therefore, a change in
the Containment High-High Pressure Setpoint from 27
to 9.48 psig has no affect on the analysis of record.

The conclusion of this disposition 1s that the LBLOCA
analysis of record {s unaffected by the plant changes of
Table 1 and does not require reanalysis.
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! Item 01¢ Value/Condition | New Value/Condition
: HPS] Delay Time* 45 sec. 25 sec.
“ LPS] Delay Time* 65 sec. 45 sec.
i
W (harging Pump Delay Time §5 sec. 35 sec.
Cantainment Spray Delay Time
! With Offsite Power 35.6 sec 16.0 sec.
é Without Offsite Power 35.6 sec. 35.6 sec.
I Contatnment Fan Coolers Delay Time
g wWith Offsite Power 31.0 sec. 15.0 sec.
! Without Offsite Power 31.0 sec. 26.0 sec.
r
i Feedlire lsolation Time 22 sec. 14 sec.
i Feedwater Valve Closure Time 30 sec. 14 sec.
Containment Hi-Hi Pressure Setpoint 27 psig 9.48 psig

" Without Dffsite Power

In addition to the above changes, the Technical Specifications have been changed to
add Main Steam Isolation and Feedwater Isolation based on a Containment Pressure-

High signal.



EQ Review for PDCR 2-114-92 Inteprarad Safetv Evaluarion

EVALUATION OF EQ EQUIPMENT THERMAL RESPONSE
TOTHE
POSTULATED MSLEB AND LOCA
IN THE MILLSTONE UNTT 2 CONTAINMENT

1.0 Introduction

The purpose of this evaluaton is to demonswate that the limiting accident in containment is enveloped
by equipment qualificanon testing for the applicable equipment 1n containment  The rwo elements of
the worst case accadent is the Loss of Coolant Accident (LOCA) and the Main Steam Line Break
accydent (MSLB). The new postulated MSLB analysis for containment (Reference 6 13) includes a
427°F remperature peak at 53 seconds which reduces o below 289°F a1 96 seconds into the sccident .
Since tus iemperature peak represents 2 short duration at superheated conditions the surface
iemperature of safery related equipment will not exceed the saturated temperature of the steam pressure
in containment dunng the event This approach has been presented by the NRC in NUREG 0588
paragraph 1.2 and NUREG 0510 which recognizes the reiatvely low heat rransfer rate in superheated
steam, the heat capacity of the affected safety related equipment and the shon duration of the
superheaied peak iemperarure of the MSLB. Furthermore analysis in NUREG 1511 "Containment
Mzan Steamn Line Break Analysis For Equipment Qualification” shows that there exist a condensate-
vapor-ar boundary layer up 10 3 fi. thick surrounding component surfaces which will maintain the
co~fages ar sanurated sieam temperature

The new containment accident response for 8 LOCA (Reference 6.14) and the MSLB is shown in
Figure | slong with the corresponding Ty, curves for MSLB pressure profile. The composite curve is
provided which envelopes the LOCA, MSLB (except the superheated peak) and Tsy curve for the
maximum steam pressure’ dunng the event. The following discussions summarizes the analvsis for
-3ing sarurated steam temperanoe in lev of the actual superheated peak temperanire

2.0  Thermal Response

The 427°F superheated steam wili not heat equipment beyond their qualified temperarure because of the
shor ume penod at the superheated condinons. The temperature 8 component will reach is dependent
upon the rate of heat transfer? from the environment 1o the surface of the component The rate of heat
transfer will depend on the thermal barriers between the superheated steam and the component surface.

A condensare layer wall form on component surfaces during the initial phase of the accident which will
act at 2 thermal blanket. The iemperarure of this condensate layer will range from the sub-sarurated
wemperarure of the component near the surface of the oonmem 1o the super-saturated iemperature
associated with coninment pressure at the outer edges. temperature at the surface of the
component will remain equal 10 or less than the saturated temperature while this condensate layer
exists. The condensate layer wall thin out as the temperarure of the component surface increases 1o the
saruranon temperature. Since the rate of heat transfer through this condensate layer is slow, depending
on the mass of the componert, there will be & substanstal thermal lag for the superheated steam 1
directly umpinge on the component surface

IThe sieam pressure in conwnmen i deiermined by subtracting the partial pressure of air from the total pressure 1o
resilt with the parval pressure of sieam. To estmaie the parual sieam pressure we have subtracied 14 7 psi. i ¢ the

ermosphenc pressure of coninment prior 10 the accident. from the gauge pressure calculated in the analyas © Seermine
the saturaton iemperature

i Cap Relerence £ 2
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In the case of the MSLR = conwinment, since the superheated condition peaks within 60 seconds. the
condensare layer wouly remain on component surfaces throughr ut this phase of the accident
manaining 8 temperature 8t or helow the saturated temperanye

20 FEquipment Review

4 review was performed on the EQ master List equipment in containment 10 determine if they are
guabfiable under the MSLE superheat conditons.  The qualified test pressure? represents the
gualfiable sawrated sieam temperature during the test. As long as the peak test pressure is greater than
the peak conmunment accident pressure and both are at or above sarurated condibons then it is eviden:
thar the tested conditons are mare severe, with 8 higher saturated temperarure, than the accident

comdinore

The CAR fans are imponant for contanment heat removal during the MSLB. The motors associated
with these fans are enclosed, and have an internal cooling system. These motors were tested up 1o 80
psig. With an internal cooling system they would be capable of reducing the superheated sieam 10 a
saturzted condinion for a fairly long peniod of ame. Another item of particular interes: for this event are
e containment penetratons. These have been tested to 70 psig which is more severe than the
nosmlated acoident conditons.

4.0  Verification by Test

There have been several superheated steam tests which demonstrate that surface temperanses remain at
sarurated conditions for several hours even for low mass components (i.¢. Namco Limit Switch).
Temperature probes were placed directy on component surfaces during these high temperature steam
1es1s 10 morutor the actual iemperatures of the component. The test results are included in References
656667 68 69and 610 As an observation, the Sandia High Temperature Cable Testing has
showr that cable performance is mainiined well above the 427°F emperatures of the MSLB accident.

£ 0 Conclusion

The superteated transient peak of the MSLB in containment is of short duration and will not cause any
EQ equipment 10 exceed ther qualificanon temperatre. The LOCA profile and the MSLB profile is
used for the composite profile 1n containment.

The revised LOCA and MSLB temperature profiles (excluding the superheated peak) have been
supenmposed in Figure 1 to produce 8 profile which envelopes all postulated accident transients in the
contunment Figure 2 provide the test curves from all the equipment in containment and show how

they envelop the composite profile®.

Based on thus evaluation the new LOCA and MSLB temperature profiles will have no adverse affect on
the FQ program
V2 s
Prepared By Q‘f o r >
/ R.E Depatic
EN&C Programs

3The sicam pressure in & &8t chamber is desermuned by the actual recorded pressure of the chamber. There would not b 2
contnbuton of parual i pressure since iest chambers we normally venied « ensure that the required emperalure spikes
are achieved  Any affect of the atmospheric pressure is eliminaied duning e venting pracess.

‘e lack © o veloping berween (he test profiles and the composite profile within the firgt 100 seconds of the accident is
connidered vsgnificant for qualifying the equipment
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Temperature Gradients within an Insulated Cable during 2 Main Sizam Line Break, James
K. Marth, The Rockbestos Co., 12/13/82
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Draft ABB Memo P.W Wiclhouwer 10 J.A Camp dated 10992
Fax Memo R C. Wippie 1o Bob Depane dated 10/16/92 (11:35)
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