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Justification for Continued Operation #2-91-)

Main Steam Line Break Inside Containment
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LNTRODUCTION
This document grovidos the justification for Millstone Unit No. 2 to continue

to ‘operate following the fdentif .atfon that the containment structure {3
outside of fts design basis for certain postulated main steam 1ine breaks
(MSLBs) inside of containment. This hypothetical conditfon is based upon
strict 1icensing requirements which include, but are not Timited to, h potgo-
sizing 4 guillotine MSLB from 100% power with the feedwater control valve
fatling in the open position and no operator intervention for the first 10
minutes of the transient, This condition was analyzed and resulted in
calculated peak containment pressure and temperature in excess of 90 psig and
400*F respectively, This is in contrast to the Millstone Unit No. 2 technical
specification Section 5.2.2 which states that the reactor containment is
designed and shall be maintained for a maximym {nternal prassure of 54 psig
and a temperature of 289°F,

PLANT_CONDITION DISCQYERED

As & result of the Steam Generator Replacement Project, new MSLE analyses were
being performed to assess the impact of the new steam generators on the
containment response. In performing these analyses, 1t was discovered that
the conditions assumed for the current design basis containment response for &
MSLB are not 1imiting. In particular, 1t was {dentified that a full power
case with & smaller break size and off-site power available wil)l result in a
higher peak containment pressure and temperature,

This condition was evaluated under REF 91-48 (MP2) and was determined to be
reportable as a condition outside the design basis of the plant., REF 91-48
has been attached to this JCO (Attachment ) and should be referenced for a
detailed discussion of the background surrounding previous analysis of MSLBs
inside containment,

REF §1-48 raises the possibility that the analyzed MSLB location and assumed
single fatlure are nonconservative. Additional analyses have confirmed that
the current design basis analysis assumptions with respect to power Tevel,
break size and single fatlure are not 1imiting. For the case of a ).0 ft!
MSLB at full power with a single failure © the feedwater ccntrol valve
closure signal upon turbine trip, the peak containment pressuré s predicted
to exceed the containment design 8r|ssurc of 54 psig. Further, a peak con-
tainment !rossuro in excess of 90 psig was predicted for 2 double-ended
(6 ftt) MSLB at full power with the single failure of the feedwater control
valve to close.

Zero power and other single failures were evaluated and shown to give an
acceptable containment response.

LIDENTIFICATION OF POTENTIAL AOYVERSE EFFECT ON SAFELY

In REF 91-48, the impact of the more 11n1t1n% conditions for MSLBs were
:vmnud. In summary, ft :n fountd ‘thlttl MSLB at hotl fm“w:or '.:t more

fmiting than zero r for containment response. noa on v
,UMLMM%mMnMinitih single fH\uN were




for the single fatlure in which the feedwater control valve was vperable but 3
failyre in the turbine trip closure signal was assumed, the limiting break
size was 1.0 ftt. For these conditions peak containment pressure wis predict-
¢d to be 68 psig with a peak containment air temperature of 419°F, Since the
design pressure 1 84 psig, the predicted peak containment pressure exceeded
tht design pressure. While the air temperature exceeded the containment
design temperature, 1t wis concluded that because of condensation effects and
therma) lag, the containment structure @id not exceed the containment design
basis temperature. Further, based upon engineering judgment th.t the shOrg-
term temperature peak will be offset b{ condensation and thermal Tag, 1t was
concluded that the equipment of the Electrical Environmental Qualification
(EEQ) Master List wou'ld continue to be operable.

For the fatlure of the feedwater control valve to ¢lose on demand, the 1imit-
{ng break size fs a double ended break, For this case, 1t was estimated that
the peak containment pressure would be on the order of 70 to 80 psig. An
additional parametric study ’Atuchmnt 2) performed by ASEA-Brown %ov"l
sABB) shows that with credit for operator action at ten minutes to terminate
eedwater, the predicted peak containment pressure is 93 psig and the peak
containment air temperatire was 427°F. In this case, the lon ~term tempera-
ture could also exceed the current qualification temperature o EEQ equipment
and thermal lag could not be credited to offset the high temperature.

In spite of exceeding the containment design pressure for a design basis “SLB,
ft {5 expected that there will be no significant radioactivity releases. It
1s concluded that the potential off-site doses would be a small) fraction of
the 1imits provided in J1OCFR100.

QUSTLEICATION FOR CONTINUCD OPERATION
I. Procedura) Changes and Qperator Training

A dedicated icensed operator shall be stationed at c0-5 and will perform
the following actions after a reactor trip:

a. OBSERVE a valid reactor trip.
b. CLOSE both main feedwater block valves, 2-FW-42A and 2-FW-428.

Note « The following step is 2 contingency action to prevent containment
overpressurization, although due to time limitations, nmo credit
has been taken for this action in the main steam 1ine break

evaluation.

¢, 1f either main feedwater block valve fails to close and the asso-
ciated feedwater control valve fails te close, then SECURE al)
condensate pumps.

The dedicated ogerator shall have no concurrent duties with the main
feedwater contro! valve isolation following a reacter trip.



The above operator actions are ysasonible end can be performed in the
time frame evaluated in the pain steam line break analysis:

4. The dedicated operator will be (tationsd at the feedwater ¢ trol

.

station, and
b. The required operator actions are simple and require no diagnosis.

The above operator actions are consistent with the existing Standard Post
Trip Action procedure (EOP 2525‘. The existing contingency for excessive
Zeedwater 110w 15 to manually close the main feedwater blotk valves.

Accomplish1n? this existing cont‘nqunc{ action ear'y does not effsct any
other preceding actions since thise actions are completely {ndependent of
the main feedwater action step.

Training will be provided to each shift via a traiiing guide aind 2
br;ofin by the Shift Supervisor concerning the dedicated operator duties
and actions.

Analysis of Qeerator Actien

Immediate corrective action %as detailed above) involves positioning an
ogerator at the main control board dedice ‘ clos!n? the feedwater
block valve (also titled the Feedwater Regu: valve Block Valve) upon
s reactor trip.  This will be f{ncorporat.u 1nto procedures and the
dedicated opeiators will be provided tr.1ning for this action, Basad
upen demonstr tions on the Millstone Unit No. specific simulator, it is
concluded that initiation of feedwater block valve closure ca be
reliably accomplished in Yess than fifteen seconds, Since the stroke
time for the block valve is Tess than 10 seconds, closure of the block
valve within 25 seconds Lfter @ reactor trip car be credited as a back up
to a failure of the closure of the feedwater control vilve,

parametric study #5 of Attachment 2 incliudes 3 case in which feedwater
fsclation was assumed withiy 28 seconds after a reactor trip. This case
is & full power case with @ break size of 6.0 ft2, 1In addition, this
case assumes Liat the {nitial containment pressure 1$ 2.1 psig and 5%
feedwater flow through the bypiss valve 15 maintained throughout the
accident., For this case, @ peak containment pressure of 54 psig 1s
predicted. S$ince this {s the limiting case for the failure of the
feedwater control valve, cradit for this operator actic’ & back up to
the feedwater control valve failure wili maintain containment pressure
Taw the containment design pressure.

Credit for this operator action will also provide adequate nitigation for
the failure of thu turbine trip signal to close the feedwater contro)
valve. For this single failure, the 1 miting condition 1s 2 small MSLE.
Assuming a fatlure of the turbine trip signal to close the feedwater
control valve, the Main Steam 1solation Signal will not be generated for
140 seconds, thus feedwater isolation (closure of the feedwater control
valve) will not occur gnti) 180 seconds. Mowever, since @ reactor trip
s predicted to occur at 10 seconds, crediting operator action to close

F ot gl 2! “spconds  would  mean
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that for this case feedwater would be tsolated within 35 seconds of the
MSLE event., This would result in the peak containment precsur” wemaining

below the design pressure.

Additional Compensating Fa lors

A.  Evaluation of Probability of Occury=nce
To evaluate the likelihood of ° .nt sequence, a protabilistic
risk assessr-nt wri performad e overall probability of a main

steam 14ne bru-v inside contefnment with a failure of the feedwaler
control valve fa cunservatively estimated to pe 107Y per year. The
short-term corrective measures (remote manual closure of the
feedwater block valves by a dedicated operator) reduces the proba-
bility of this event (main steam line ' ~eak concurrent with fatlure
to 4{solate feedwater) 1o about .o ' per year. Alternative
corrective measures involving new automatic functions (as discussed
in Section C) reduces this probability to about 107 per year.

1t should be noted that the overall probability discussed above
applies only to & scenario that could 1ead to exceeding the contain-
ment design pressure and does not consider the magnitude of the

preseure response, nor does it include the Vikelihood of & subse-
quent loss of containment integrily. These types of events would be
of an even smaller probability.

Fgedwaler glock Yal bilities

The operator action discussed above results in closure of both
feedwater block valves (MOV 2-FW-42A/B). These ‘alves are non-CA,

are not powered from a vital power source, and are not currently in
the Northeast Utilities (NU) GL 89-10 progra= As 2 result of this
concern, the NU GL 89-10 MOV Test Program ap, ich has been applied
te these valves and the results indicate that an analytical approach
ba od by field testing provides sufficient confidence that the
actuator/valve will operate s ccessfully and can thus be credited to
minimize the consequences of a MSLE. The analytical and ttst\ni
ef /oris undertaken to address the capabilities of the MOVs (2-Fe-42

and B) {s described below

1. MOV Flyid Conditigns

The new MSLB analysis findicates that two MSL Break cases
provide hounding fluid conditions for the MOV's (2-Fu-42 A and
B). Specifically; 1) large MSLBs resulting in & feed pump trip
prior to MOV actuation and 11) a smaller MSLE resulting in no
feed pump trip. Flufd conditions resulting from these cases

are discussed below.

The large MSLB case results in d feedwater pump trip prior t0

MOV-2-F¥-42A and B closure, due 0 a main steam line {solation

signal. Thus, MOV upstream conditions at valve closure will be

8 psig (max condensate pump pressure; Reference 1). MOV
N .




was determined to be 277 psig Thus, MOV delta-P = 538 psig -
277 psig « 261 psid for the large MSL break case.

The small break case does not result in a feed pump trip,
however, steam generator backpressure is significantly higher,
MOV upstream conditions at MOV closure considers both concen-
sate pump and feedpump pressures; 538 psig and 1022 psig
respectively (Reference 2). MOV downstream pressure at MOV
closure is conservatively assumed to be a minimum of 465 psig
(low SG pressure, MS] setpoint). Thus, WOV Delta-P « 538 psig

+ 1022 psig - 465 psig = 1095 psid (for the small MSL break
case).

The worst case fluid conditions resulting from a MSLB for MOVs
2.FW-42 A/B 1s 1095 psia differential pressure.

E".! annsx ( .];! 1“‘.r~n§

Valve actuator thrust evaluations undertaken 10 address this
JCO show that MOV's 2-FW-42A and B are capable of closure
against worst case main steam line break fluid conditions
(1095 psid as discussed above). The origina) design require-
ments were used 10 determine the required stem thrust. This
will be documented in NUSCO QA calculation No. £9-078-073-EM
Rev. 0. 1o addition, valve structural integrity was evaluated
with respest to the thrust requirements, The analytical
approach discussed shove 18 consistent with the NU GL 89-10 MOV
test progrem, 1t 1s noted that the original specification for

2.FW-42A and B required a1 valve closure at 1600 psid
(Reference 3).

MOy Siroke Tiie

MOV's 2-Fu-42A and B exhibit acceptable stroke speed character:
{stics to satisfy the 10-second stroke time required by this
300, Specifically, i) the original specification (Reference 3)
required a maximum stroke time of 10 seconds, {1) the motor
operator vendor data (from Limitorque) determined stroke time
to be 9.5 seconds based on stem travel speed and valve stroke

and 141) Millstone Unit No. 2 plant start-up tests measured the
stroke time to be 9 geconds.

Wy Figld Testing

Prior to mode 1 operation, valve diagnostic testing (VOTES) in
accordance with establishec procedures developed under the NU
GL 89-10 MOV Test Program will be performed to confirm the
analytical approach described above., Portions of this testing
include direct measurement of actustor thrust via strain giges
ard stroke time measuremenis.

Analytical evaluations backed up by the field testing described
reovides sufficient confidence that MOV's 2-FW-42A and B




will close in the event of feed cont..] valve failure during
the spectrum of main steam 1ine breaks considered by this JCO.

¢ €. Alternative Corrective Action

{ o Modifications are contemplated during the current eycle that would
preclude the need to credit operator action. These modifications
na, include the following:

1. Installation of a safety grade trip on the feedwater block
valves 2-FW-42A and 2-FW-428 which will automaticall close the
valves on receigt of & high containment pressure sf%na\. The
isolation signal shall or1%1nato from the Engineered Safety
Actustion System (ESAS). The proposed safety grade fsolation
519n|1 for each motor operated valve shall not be common to the
safety grade fsolation sig @l for its in-series contro) valve.

2) Installing a safety grade trip to the feed-ater pumps, conden-
sate pumps and heater arains tank pump on receipt of 2 high
containmert pressure signal. This option may not be as desir-
able as Option 1.

3) For the small MSLE scemario where failure of the nonsafety
grade turbine trip signal will not result in the automatic
closure of the feedwater control valves, the additfon of
arother safety grade trip may remove the need for operator
action given the failure of the nonsafety grade turbine trip
signal, Due to the length of time required o generate & main
stean isolation signal for the small MSLB scenarip, reliance 1s
placed on a nonsafety grade closure signal. To remcve the
reliance on this nonsafety grade trip signal, 1t may be
desirable to add a safety grade trip signal on receipt of a
high containment pressure signal.

Longer-term, additional corrective actions are also being consid-
ered. These actions mai include replacement of the existing
feedwater block valves with QA Category IE Safety Related valves and
controls which will automatically close upon receipt of, most
1ikely, a high containment pressure signal. Also, the valves must
be properly sized to close against the expected differential pres-
suras as well as fast acting to limit the amount of feedwater to the
steam generator.

ADQ! TIONAL CONS IDERATIONS

The above demonstrates that the containment and associated equipment 1S
operable. The actions specified ensure that during the most limiting MSLB
that containment pressure does not exceed 54 psig. Mowever, as an added
aeasure of confidence for the protection of the public health and safety and
thus the implementation of the JCO, the following analysis was conducted which
provides reasonable assurance that esen {f containment pressure were to exceed
fts design basis of 54 psig, the containment and associated equipment would
{11 be capable of performing their intended safety functions.
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Containment Structyral Lyaluation for > 54 psig

The Millstone Unit No. 2 containment conrists of a prestressed, rein.
forced concrete cylinder and dome connected to and supprrted by a massive
reinforced concrete foundation slab. The containment was designed for an
internal pressure of 54 pstg. and was tested to 62 psig during the
structural integrity test. The working stress design nothog was used to
design the containment structure for various load cases, including the
case of a design pressure of 54 psig. The containment structure wis
checked for factored loads and load combinations, including the case with
a 1.5 load factor on the design pressure, which corresponds to Bl psig.
The code requires that “strength be adequate to support the factored
loads and that serviceability of the structure at the service load leve)
be assured," (ACI-318-71 Commentary Section 9.1.1).

The ult/mate capacity of containments has been studied and documented by
many sources recently, In general, the anticipated ultimate capacity of
a containment structure has been found to be 2 to 2.5 times design
Fr.;:ure. NUREG-1150 entitled "Severe Accident Risks: An Assessment for

ive U.S. Nuclear Power Plants" studies the ultimate capacity of typical
conta nment structures. Included in this study was 2ion, which is @
prestressed containment, with a design pressure of 47 psig, The evalua-
tion determined that a lower bound on the ultimate capacity was around
100 951? (a factor of 2). These detailed studies have taken into account
material strengths being higher than assumed, code allowables being
conservative, as well as a detailed evaluation of structural behavior
during beyond design basis events. A similar detailed study has not been
performed for Millstone Unit No, 2, but the same factors which contribute
to & lower bound ultim-te capacity of 2 - 2.5 times design exist in the
Mi1lstone Unit No. 2 containment structure. This discussion on studies
relative to ultimate capacity further substantiates that the containment
can support the factored load case and beyond. These postulated load
cases are beyond the design basis of the containment structure, but
within the overall load carrying capability of the structure.

LEQ Evaluation for > 54 psig and > 269°F

The new postulated main steam 1ine break includes an initial 70-second
duration peak of 412°F at 54 psig. The corresponding saturated tempera-
ture during this superheated temperature peak is 302°F. The EEQ Master
List equipment are determined to be qualifiable under these conditions by
analysis which shows that equipment qualification tests are more severe
than the temperature that the components will experience during the
postulated steam )ine break.

The 412°F superheated steam will not heat equipment beyond their quali-
fied temperature because of the short-term period at the superhe:ted
conditions. The tempy ature a component will reach is dependent upon the
rate of heat transfer from the envirc sent to the surface of the compo-
nent. The rate of heat transfer will be dependent upon the saturated
temperature of the environment for the short time that the conditions
remain superheated. A condensate 1a,3r will furm on all component
surfaces during the initial phase of the accident. The temperature of
this condensate layer will be less than or equal to the saturated
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temperature, therefore the temperature of the component will remain less
than the saturated temperature while this condensate layer exisis.

The CAR fans are important for containment heat removal. The motors
ascociated with these fans are enclosed, and have an internal cooling
system, These motors were tested up to B0 psig with an associated
saturated temperature of 324°F. With an interna cooling system they

would not be directly exposed to @ postulated higher temperature.

Another item of particular interest for this event are the containment
enetrations. These have been tested to 70 psig which corresponds to a
16*F saturation temperature.

A review of EEQ equipment in cantainment shows that all qualification
testing was performed at @ peak pressure of at least 69 psig with dura-
tions in the order of severa) minutes. Since this pressure and its’
associated saturated temperature of 315°F is more severe than the postu-
lated peak saturated temperature of the MSLB, we concluded that all EEQ
Master List equipment in containment could be qualified for containment
pressures up to 69 psig, and that this equipment is ogerab1e for the
postulated transient, and the ensuing post accident opera ing time.

MMMMWMMWLBM

Tu provide additiona) assurance on the reliability of using either the
feedwater block valve or the feedwater control valve for each respective
steam ?enerator. an evaluation was conducted to determine the degree of
electrical separation between the valves. The following describes the
electrical separation between the valves.

Fach steam generator has 2 fendwater block valve and feedwater control
valve in series on tie secondary side of the steam ?enerator. For stezm
enerator "1", feedwater block valve FW-42A is fed from MCC B12 which is
o4 from dkv bus 24A via a 10id center transformer. Feedwater control
valve FW-51A is powered from AC Fanel IAC-1 which in turn {s fed from MCC
bus 24C. Bus 24C is connected to bus 24A and this bus 1is connected to
the NSST through breaker §2-A.02. The common electrical power source is
bus 24A for these two valves.

for stear generator "2", the feedwater block valve 1S FW-428 and the
feodwater control valve is FW-51B. Feedwater block valve Fw-428 is fed
from MCC 21 which is connected tc 4kv bus 24B via a load center trans-
former, Feedwater control valve FW-51B is powered frr AC panel 1AC-2
which in turn is fed from MCC 6] wnich is then powered .2 a 1oad center
transformer from the 4kv bus 24D, Bus 24D is cennected to bus 248 and
this bus is connected to the NSST through breaker §2-A206.

The control power for both feedwater block valves 1is from the control
trar “-rmer located in each MCC for the individual valve. A l0ss of
powe ftor an individual feedwater block valve does not affect the
ve .dant feedwater control valve. In addition, the control power for
the turbine trip scheme was reviewed. This scheme 1§ powered from &
separate 24 vdc battery for the turbine generator tHC control system.



The routing of the electrical cables for Fw-42A end TW-51A are in
separate trays and conduits oxcqrt a single tray located in the cable
es

vault room. The electrical cad for F¥-428 and FW-51B share three
trays Tocated in the turbine butlding.

.Thcfirobao!1ity of a common mode failure of the cables located in the
same cable tray during the short time interval of concern with the
hypothetical main steam 1ine break 1is approximately 107 while the

prodability of the failure of a kv bus is Tess than 10 .,

The separation of the electrical power for contrel and operation of 1.¢
valves to their respective kv buses and the probability of an event
rendering either &vv bus unavailable s low. Alchough the routing of the
cables for the redundant valves do share the same cable trays in some
locations, the probability of a single event affecting 211 the cables in
the tray is also sufficiently low.

CONCLUS [ON

Based upon the information provided above, there is a reasonable assurance
that with the act ~ns of a dedicated operator or implementation of one or more
of the alternative corrective actions, the containment pressure will remain
belo. the design basis value during a main steam line broak event. 1f one or
both of the first two options identified on page 6 s implemented, there would
be no further need for the dedicated operator, Therefore, 1t 1{s our
determination that the continued operation of Millstone Unit No. 2 for the
remzinder of cycle 11 will not involve any undue risk to the health and safety
of the public.
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