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pinment. These re-analvses |

crober 18, 1991, at 1308 hours, with the plant in Mode 1 at 100% power, a reportability

of the main Steam hine break even! mside the

g shown that the assumpuons made for the existing (1979) main

VIt were non-consenative with respect 1o power level, break size, and single active
Using more restnctive assumpuions, design himits for comainment pressure and temperatare could
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wstulated double~ended (6.3 72) hueak of
outlet and the steam line flow testnotor at hot zero

a diesel generator and the resahant loss of
commtment pressure (1 Comanment spray
comamment pressure and temperature for this

analvsls assiames a

PEDETALOrs, the

steam

ting comainment pressure and
nded break of the main steam line between the steam
wer, with the single acuve failure bemng a
ioce. This aniglysis also
affected steam generator at 10 minumes lollowing the
an

.
, 1
and 1emperawire for this analysis I8 predicied 10 be 91 psig

aliecied ©weam generator 10

nainmen! despn pressure and temperatare of 54 psig and
2809
An i T owWas i the he unit immediately commenced an orderly downpower
o approximately 3% power {Mode 1) by planc operators. The existing main stéam jine break ans s
ceplable for Mode I operation. Wo aulomatic or manual salety svstemns weré reguired 1o respond
during this event
On August 4, 1992, at 1600 hours, with the plant in Mode 6 @1 0% power and sl fue! sluicu m e
spert fuel pool. a ty determunaton was made which igentified wo new postulated single
modes {or 1 line break evert mside the tainment which resulted in the
calcuiated vomainn the design pressure i s 8 faiture of the
feedwater g bypass to terminsie flow 1o the affected stear The second is 8
failure of the vital busses transfer 1o the Reserve Station Service (RSST). In this
Case, power 10 the condensails would remain avalable widle po feeawater
ves and start 1 ¢ men! cOMral sysiems w duoe to diesel stan
und seq ging Lme
LB USE O
The cause of the event has beet ned 1o be an mcmrect assumption. ma 1 the p!
al the limiting condmon for the containment response due 10 » Mamn Line Break (MSLB) was
hot zere power. Ti wits based upon the j that a1t hat zero power the
stearn 5 ot waner and thus resulied in the largest discharge 1w
the ¢ ! studies have showr, thit this assumpiion & not
i g
AL d re | the planng LA feneralor I he nise due 10 a MSLE
Deing reviewed. | WOET 10 assess the in of the new steax CUITEM BHalvsis rest
were used 10 benchmark new s tor angd contanmen the benchmarkmg
rrent analvsis the generators, it was discoverea that the hot zer !‘m\\:rv
CONCUNIDT Was Nt




e T T At ik e e S e B ki e b B I T R — —N 2 IRPE o Py gt

OMB NG 3150-D 104
FAPRES 4 30/82

ESTmaleg O DRY FEEDENEE 10 COMMRLY with thig
Imtormetion oiiection reguest 5" 0 e Forwmrn
sommEnts regaTsing Durten estimalte 1o the Fesdtds
ang Faports Management Brangh (p<630) U & “Nugiear
Rugumw, Commission, Washegnon, DC 2OGSL. anc fo
the Papprwar Reguaction Progect (B760-0104] Dtfice o
fAenapemant #nd W u&unmg\m OC 20303

- -~ —
] NRC Form 3664 U B NUCLEAS REGULATONY COMMISSICN |

LICENSEE EVENT REPORT (LER)
TEXT CONTINUATION

= SADILITY WARAE 11} DOCK: T NUMEER 12)

Millsione Nuciear Power S1ation

! Lan 2 o|s{ofo]oj3jss|9:

TEXT 1 mprw spece s eQuitgd . use atditional NRS Form 3664 30

1 The peak tomainment temperature 8 highly dependem on the moisture carrvover that occw’: from the
hreak. Moisture carrvover s ampernant in that with a significant mosture carryover the gontaimment
temperature wili be imned to the sapration temperature corresponding 10 the containment pressure. I
A0 moIsuTe carrvover occurs and pure steam is discharged, superbeating will occur and comtainment
temperaiure will not be lmnted 10 the saturation temperature.

At hot zere power, the hoge steam generator inventory will assure thiat moisture carryover wili occur for
. mosl break sizes. However, a1 Rull pov ey, with the reduced mvenlory, mmsture carrvover is not predicted 4
| tn occur. Thus, for peak contamiment temperature, the himiting condition would be full powsr

Further, the limiung singie failire 15 dependent upon the power level. At hot zero power, the main
leedwater regulating valve will be closed at the mtiation of the event and would remain closed
throughout the wransient. Thus, at zero power, the main leedwater regulating valve is not subject 1o a
failed open cendifion. However, at full power, the main feedwater regulating valve would be open at the
_ mitiation of the event and thus would be subject 10 a falled open condiion. With 2 main feedwater

‘ regulating vaive failure, the feedwater addiion would more than offset the differente in inual invemoary
: between hol zero power and hot full power. Tnus, the hmittng condinon for maximum mass discharge 10
' the comainm>nt would be fuil power with a failure of the main feedwater reguiatung valve. 1

These factos were not taken into account m performing the FSAR analysis, Funther, they weie no
exphcitly taken into gccoumt in the MSLB analysis pérfarmed to suppont the TMI action plan ftem to
- implement 2n automang system for inftauon of auxiliary feedwater nor in the response 10 NRC
Inspection and Enforcemer, Bulletn K0-04, vhere adutional MSLB specirum studies were requested.

in response 10 an NRC regquest for information on gutomatic iniation of the auxiliary feedwater sysiem
made on December 21, 1979, the design basis steamiine break analysis was reevaluated. In the analysis,
the zddiional mass released 1w the contaiument due to auxiliary feedwater additvion was added 10 the
FSAR case and shown o have no impact on the peak containment pressure and temperature, - Since this

study was amned a1 only assessing the impact of the new automaug wdushion system, the original FSAR I
:
I
[

, assumptions were hot reevaluated. This was supported by evaluations done by the N88S vendor,
Comiamstion Engineering. This analysis was submitiad to the NRC 2 January 27, 1980, Since the
information rmum:d i 1&E Bullenn 80-04, ssued in February 1980, was very similar to the reguest

' made in December 1975, 11 was assumed that this analvsis was also sufficient to respond to the Bulietin.
Therefore, no new analvsis was performed for the Bulleun. A Safety Evaluaton Repont was received
from the NRC on Octeber 7, 1952, for the NNECO response 10 1&E Bulletin 80~04. The

- non-conservative assumphions were not discovered until the MILB was reviewed to evaluate the impact
of the planned sieam peneraior replacement

B Uy ——

It should be recognized that in detérmining the cause of this event, reliance has been placed upon the
available documentation for the analyvsis and evaluations performed in the 1974-1980 Gmie period,

ecause these evaluations were performed over ten yvears ago, not all of the documemation has been
retrieved. Ho, —er, from the documentation (hat we have retrieved, we believe we have been able 10
reconstruct the loge vsed to ustify the previous submintal and have determimed the root cause of the
event.

The cause for the Aupust 4. 1%92 deternunat’ n was ingorreot assumptions made during e MELB
. evaluations pérformed m Qotober 159
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As part of the October 1991 MSLB evaluanions, a failure of feedwater regulating bypass valve 1o close
was considered, but was assumed to only provide 10%% of full power feedwater flow 1o the affested steam
generator with acceptable containment pressure resulis. Therefore, no provision was made in the 3CO or
proposed plant modifications 10 isolate the ypass feedwater flowpath. In response 10 the

October 15, 159 determinauon. a 1é-analysis of comainment pressure response to a MSLB was initiated
i preparsuon for revising NNECO's response to I&E Bulleun 80-04,. In June 19092 the re-analysis of
the lailure of the bypass valve 10 close was performed using actual condensale pump curves and
feedwater regulating bypass valve flow characteristics This re-analysis resuited in the calculated
contasment pressure exceeding the 53 psig devipgn imit. ¥t showd be noted, however, that this case is
less limuting than the case with the faiure of the man feedwater regulating valve 1o close, which was the
subject of the prigmal e dluaon

The Ocrober 1991 MSLB evaluations also considered the possibility of partial loss of puwer cases.
Proposed plamt modifications would have ehminated all of the cases wdentified at the ume. However, the
recently idenutied singie faliure of the vital busses 1o fast tansfer 1o Vie RSST will imrnduce delay times
that were not previously considered n the MSLB analvses

A ﬂa!l'{h iv't E! £l

This event is being reporied m accordance with 10CFR30.73(a) (2111 (B). which reguires the reporting of
any event or conditon that results in the nuclear power plant being wn a condition outside the design
basis of the plam

¢ salety u'-r.se:;u:r;es of this event are the poten @l overpressurizauon of the containment with
bsequent damage 1o the containmen structure and safety related equipment required for sate shutdown
of the plant from a postulaied MSLEB event. Upon consideration of ‘comtainment design margins, safety
reialed equipment gualifications, and standard post iHip operator actions, the safewy conseguences of this
evenl are minimal

In considering the safety conseguences of this event the {ollowing items were addressed

{a} Containment Structural Integrity. The Milsione 2 comainment consists of a presiressed,
reimforced voncrete cylinder and domie conneated 10 and supported by @ massive reinforced concrete
foundation <lab. The tomtamment was designed for an internal pressure of 54 psig, and was tested 10
62 paig during the struttural imtegrity test. The working stress design method was used 10 design the
containmen structure for various load cases, induding the case of e design pressure of 54 psig. The
comtanment structure was checked for factored loads and load combinations, including the case with
a 1.5 ioud factor on the design pressure, whith corresponds 1o R1 psig. The code reguires that
“strangt h be adeguite w supporn the {actored loads and that serviceabuliny of the structure at the
service load level be assured,” {ACI-318-71 Commentary Section 9.1.1)

The ultimate capacity of centainments has been studied and documented by many sources recently.
In general, the anticipated ulimate capacity of 4 contanment structure has been found 10 be 2 o
2.5 tmes desipn pressure, NUREG-1150 emitled “Severe Accident Risks: An Assessment for Five
V.8, Nuclear Power Plants,” studies the ultimate ¢apacity of tvpical comainment structires. Included
o this study was Zion, which is 4 prestressed conlainment, with a design pressure of 47 psig. The
evaluation determined that a lower bound on the -ltimate capacity was around 100 psig (a Tactor of
23 These derailed studies have taken nto accoun! matgrial strengths being higher than assumed,
code alowables being conservative. as well as a detailed evaluation of structural behavior during
beyond design hasis events, A similar detmled study has not been performed for Millstone 2, bt the
same factars which contribute 10 a lower bound ultimate capacity of 2 to 2.5 times design exist in
the Millsione 2 comainment structtire. This evaluation of studies relative to ultimate capacity turther
substentistes that the containment can support the faciored load case and beyond. These postulated
ioad cases are beyond the design basis of the comlainment structure, but witain the overall load
carrying capability of the Siructure
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(b1 Eqguipment Qualification. The electrical sguipment in the containmernt reguired for safe shutdown
following all MSLB events has been gualified 1o 10CFR50.29 reguirements with temperatores ranging

rnY

from 324°F 10 448°F and pressures ranging from 70 w0 127 psig. The orniginal contarament
gualification profile for this equipmen was based on 2 LOTA event with a2 maxumum temperatare of
280°%F and pressure of 54 psip

For a full power MLEB with no amomatic feedwater solation and no operator actions to isolate
feecwater for 10 minules, the predicied peak comainmem pressure and temperature 12 93 psig and
127°F. Abhhough this temperatwure and pressurr would have exceeded the gualification of regured
equipment, we have deternuned that equipmer  required to be availabie 10 miugate tius evernt would
have remained operable.

¥

Thermal analysis has shown that for the predicted shor duration temperature peak at superheated
conditions the surface temperature of safety related equipment will not rise above the sawraled
emperature of the partal steam pressure i comamsnent. This method of analysis hias begn
presemied by the NRC in NUREG 05ER paragraph 1.2(5), NUREG 0310 and NUREG 1511, There
have been a number of vendor 16t resulis which have also demonstrated this effect. The postulated
partal steam pressure of the contammery during the actidem s estimated by subtracting 13.7 psi,
2., the Jrauzl partial atmosphernc an pressure, from the absolute pressure of the accdent analyss.

The resuiing maximum stéam temperature during the above MSLB accident is thus predicted o * '
322°F. At this temperature, all of the required safe shutdown eguipmernt in containment would be ]

gualifiable

The predicted MSLB accident pressure of 23 psig s slightly higher than the qualificavion pressure of
same of the safe shutdown eguipment it containment. The lowest qualificavon pressure of this
rguipment 5 70 pag. In peneral. elecinical equipment 18 more sensiti. © to higher tempeiature and
nurmadity than hagher pressure. The feliowing equipment has been analvzed for operability sk this

pressure conditaon

(13 Westmghouse Comntainment Air Recirculantn (CAR) Fan motors would have been operating '
prior 1o the pressure peak. The mcrease in the CAR fans brake horsepower, due 10 the higher :
densmity @ir during the actident, has been determinied 10 be within the gualification reguirements

of the CAR Ian motors
L
21 Conax Electrical Panetranons are gualiiied 10 pressares in excess of 130 psig, They would have
been operable and gualifiable

ASCO Solenmd valves control varioss contamment isolagon valves. Following containmens
wolation, these valves would be deenergized and would remain deenergized throuph the pressure
Peak

! 8

Fopboro and Rosemount pressure ransmitters are used 1o transmit presuire and level signals-to
the reatior pritection system. Although the accuracy of level transmitters may be shghtly
allected by hipher stang pressure. they would remuin operable.

[5) Weed RTD's monitor RCS iemperature. The operability of an RTD is nor affected by pressure
changes of the mapnitude expected by the MSLB

{f) Inadequate Core Cooling Monnorng System consias of in-tore healed junction thermocouples
10 momar reactor vessel water level and core exil thermocouples 10 monitor core oatlet
temperature. The sysiem Gues fiol CORIAIN any pressure SEnsnive components

I summary. all reguired safe shutdown eguipment in containment has been determined 1o be operable

for all MSLEB events

MR e
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. (¢t Main Feedwater Block Valves. Evaluanon of the original valve specification for the main feedwater

piock valves, 2-FW-42.  and 2-FW-42B, indicated that the valves would have closed in the event
. o & main feedwater regulating valve failure comcident with a MSLB. Specifically, the wotst case
| differennial pressure was determined 1o be 991 psid, which is sigmficantly less than the original vaive
| spectficanon of 1600 psidd.  Additionally, plant startup data demonstrated valve closure within 10
1 seconds as required by the ompinal valve specification.
:
1 td) Operator Actions. The Emergency Operating Procedure (EOP) for Standard Post Trip Actior :
s provides mstructions for establishing proper mam feedwater svitem configuration foliowing & o - 2c )
, wip
- N Correctve Acias
i 2
l A Justificsvon for Contnued Operation (ICO) was developed 10 allow the plant 1o return 10 power
‘ aperation by stationing a deslicated reactor nperator 1o ¢lose the mamn feedwater block valves Tollowang
' any reatior wip. A main steam bne break eveni was anzlyred for a double-ended break al full power,
with a fatlure of the main feedwater regulating valve to clase on the affecierd steam generator. This '

| analysis assumed operator action 1o dusc the main feedwater dlock valves within 15 seconds following the

reacior trip with @ 10 second closure time of the valve. The peak contamnment pressure and temperatise
‘| for thiy case i predicted to be 54 psig and 413°F. This JOO documents NNECO's evaluation of

i aperator actions following & reactor wip, feedwater Hock valve aperation under postulated accident

. condiions, contamment structural integrity. and egupment environmental gualificaton. - Diagnosic testing
ol the moior operated main feedwater block valves was performed in sccordance with estabhshed

“: procedures developed under the Nofthegst Unlities Genene Letter 8910, *Motor Qperated Valve Test

f Prograni.” This JCO provides reasonable assurance that. with the actions of a dedicated operator, the

‘ ‘ containment pressure will remain below the design basis valae for &% main sieam bne break events.

1 ‘ Although the predicted MSLB temperature peak exceeds the contai..ment qualification temperature of
LR0°9F, gll of the reguired safe shutdown equipment i qualifishle based on 2 maxitum ssturated steam

’ temperature of 285°F  Grven this justiication for continued pperation. the unit was returned 16 power

r operauon en Ogober 22, 1941, Short term plam modificatons 1o amomatcally cose the main

{eedwater blotk valves given a Containmem Kolavon Actuation Signal (CIAS) were mstalled and wesied
i December 1991, As stated in the JCO, these modifications eliminate the nECcEssNY 10 Sation a

dedicated reactor Operator 1o close the main feedwater block valves following a reactor wip,

In response 1o the August 4, 1992 determination a multi-disciplinary task force was established 10
' mvestigale cortainment respanse to postulated MSLB's, and 10 propose modifications which ensure that
the responsé 13 atceptable

Based upon tfe evaluations c'nuccrum; ali of the possible single failure modes, plant modifications have
] been insialled which include adding redundart Main Steam Jsolavon (MST) signals 10 MS] actuated
componernits: adding MSI signals 10 components which currently do not receive an MS1 signal: modifying
the MS] logic 10 actuate on hugh containment pressure, as well as low steam generator pressure;
upgrading power supplies 10 vita: power for selected valves, lowering the vomainment spray actuation

setpomy; and providing the Emergency Diesel Generstors with a Safety Injection Actuation Sipnal. !
Figure 1 shows a diagram of the maimn feedwater system with the installed modifications.  Faollowing these
modilicauons, the predicted MSLE peak containment pressur: and temperature will be egual 10 or less
then 24 psig and 426°F. Therefore, 1he reguired safe shutdown electrical equiptment will remam
qualifiable

A revised response to I&FE Bulletin 80-04 was submitted i January 1993 10 updete our previous '
submitital 107 conumnment response and reéturn 1© power for MSLE events
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