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Document Control Desk
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Washington, D.C. 20554 i

Reference: Facility Operating License No. DPR-65 |
Docket No. 50-336 '

Licensee Event Report 91-010-04 |

Gentlemen: ~j
i

This letter forwards update Licensee Event Report 91-010-04, which informs the |
Commission of the completion of our actions to address a postulated Main Steam Line
Break inside containment. ,

.!
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Very truly yours, f
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NORTHEAST NUCLEAR ENERGY COMPANY
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cc: T. T. Martin, Region I Administrator '

P. D. Swetland. Senior Resident Inspector. Millstone Unit Nos.1, 2 and 3
G. S. Vissing, NRC Project Manager, Millstone Unit No. 2 :

,

;

I

1

p gd[O$ >

. :

050035 8
.. 9N40goM [$ 6 l

g
S-

\ :



- _ __

;

ec +om an a s. mcLE AR REGAAToRY cow.tSSON APROVEo OMB ?C. 3 60-O'04
16-0 0 EXDRES: 4 '30'92

*
'

Estimatec Dume6 per response to commy w'th tNs-

in*3'rnation CDhe0'& feQue51: SC.c h*5 FDrw a'd -

CD*nme -t$ *eparding tVOen eEW4Te to the AeCor05.

LICENSEE EVENT REPORT (LER) anc Roo ti mnemem eranen e-saan u s. twear !.

Reg.e:ae ry Cmsooi AasNngton. D 20555 and to
tne Peerwo e Aeductiu hosect ;315".r-0100, 0%e of [s

Mangeme 11 and it.r*pt. AssNgton, DC 20503 !

SAct.TY W ME W oo MIND 6 W WE "

Minstone Nuclear Power Station Umt 2 o] s| 0] o| o|3 |3 |c 1|od0|8 ;

TiTcE M;

Reanalys:s of Mam Steam Line Break Exceed Comainment Design Limhs
EVENT DATE 4E) t y p q m r a g. pp py y g ,

!mvsvoNw 04v um vt s y .
um 3y q, m.u v tmE s

01 SI 01 01 01 | |

|1|0 1|8 9 |1 0|1|0 0| 4 0 }3 2|6 9| 3 g; 39 gy gy gg ; g9 1

c=wm m e RE=o;T + BEm saumED Nasue To mE AE oJ=wtNT s or *c CFA & f c e e,a o' me of e * mo*+n u I
'"E* I

kr: c2;u 2a c2;e> sc n an2:m r3 rw

grw-q 2a cMa;p!N Sc 36;cm 60. 73 ia ll2)(v) r3.71te)

P 1|0|0 2; ce m n > n 3: 3ece>;23 so.73 1a3 2, g;
-

cwn eoecieg m
n.s w t m am m

ze es m na 50 n a n2. m 5: 73 ra ummu A r T**t^c * 3"^)

20 cE * a ! ? )|:5 i X 60 73:P) 2) (i ) 60.73 f a 1 (2| f m) f E4 ;

!pm c% . iin 50 73:ati21 tai 50 73<ai:2;m

LCFNSE E CONT A C- r p= m g t ra np 3 ,

uta com (
Robert A. Borchen Urut 2 Reactor Engineer. Ext. 4415 2|0|3 4|4|7|-|1|7;9|1

cov=tr T E w : mE von Etc- covnoNrN- ru.unE os scato :NTwssEnontn3i :

)

'IIfigc- sg gt C ALSE EYSTFU CoVRoNENT h hM - f
=~cusE s esTEt couvowe

;

I

I II I I I I I III I I I :

I II I I i ! I III I I I !
smE vorr% r.ECORT Emc*ED % MONTH DAV YEAR

Exnteiro t

susu sms t

'N
| | |N Es PI ves. mnm.re EXPECTf D SUPM SsCN DATE; No

e sTsAcT n e to ,ca s m es i . . womam w.en o,;,.e-we wween we ce; t

!On October 18,1091 at 1305 houn, with the plant in Mode 1 at 1009 power, a reponabihty determmation ~
[was made concerning a reanalysis of the main weam hne break event inside the containment. The reanalysis

has confirmed that the assumptions made for the existing (197u) main steam line break analysis were i
non-consersathe wuh respect to power level, break size, and smgle active failure. Usmg more restnctwe '

that this condmon was reponable as a condition outside the design basis of the plant. An Immediate Repon
~ jassanptions design hmits for containment pressure and temperature could be exceeded. NNECo determined

was made to the NRC. and the umt immediately commenced an orderly downpower to ap;3roximately 3% power r

(Mode 2L The exuting main steam hne break analys 3 is acceptable for Mode 2 operanon.
;

A Justificauon for Cominued Operation (JCO) was developed to aHow the urut to return to power operation by
3

sianoning a dedicated reactor operator to close the main feedwater block vahes following any reactor trip. This !

JCO documems the bass for reasonable assurance that, with the actions of a dedicated operator, containment i

pressure will remam below the design basis salue for all postulated main steam hne break esents. The umt was
returned to power operation on October 22.1991. '

,

'

Short term piam modifications to automatically close th: mam feedwater block vahes gnen a Containment
Isolauon Actuanon S4nal (CI AS) were mstaued and tested m December 1991 As stated in the JCO, these
modihcations ehminate the necess:ty to stauon a dedcated reactor operator to close the main feedwater block j
vahes followmg a reactor trip. !

t

Pia-u modif cations required to enture an acceptable contamment pressure response for a main steam hne break 5

inside the contamment base been m>taued and 1(sted. A revised response to 1&E BuHetm 80-04 was submitted i

in January 1993 to update our prenous submntal for contamment response and *eturn to poaer for MSLB j
e s ents.-

,
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1. Descrmtion of Event

On October 18,1991, at 1305 hours, with the plant m Mode 1 at 100cc power, a reportabihty
determination was mace concerning a reanalpis of the main steam line break event inside the
containment. These re-anahses base shown that the assumptions made for the existing (1979) mam
steam une break analysts were non-conseruuve with respect to pouer level, break size, and single active
failure. Using more restricthe assumptions, dedgn limits for containment pressure and temperature could
be exceeded.

The existing (1979) mam steam line break analysis assumes a postulated double-ended (6.3 f9) bicak of
the main steam 1ine between the steam generator outlet and the steam line flow restnctor at hot zero-

pover, whh the uorst single active failure being a failurc of a ciiesel generator and the resuhant loss of
one-half of the emergency safgards features which reduce contamment pressure (1 containment spray
pum;) and 2 containment air recirculation fanQ. The peak contajnment pressure and temperature for this.
ana!pis is predicted to be 47 psq and 274'F.

It has been determined that. for the ongmal steam generators, the hmiting containment pressure and
temperature are attained by postulating a dot 2ble-ended break of the main steam line between the steam
generator outlet and the steam line flow restrator at full power, with the single acuse failure being a
failure of the main feedwater regulating vahe of the affected steam generator to close. This analysis also
assumed operator acuons to secure feedwater to the affected stesm generator at 10 minutes following the
reactor inp. The peak containment pressure and temperature f or this analpis n predicted to be 92 psig
and 427 F. These results are beyond the contamment design pressure and temperature of 54 psig and
259'F.

An immechate report was made to the NRC and the unit immediately commenced an orderly downpower.

to approumately 39 power (\1 ode 2) by plam operators. The existmg main steam ime break analysis is
acceptable for Mode 2 operation. No automatic or manual safety sptems were required to respond
durm; this esen

On August 4,1992. at 1600 hourt, with the plant in Mode 6 at 0"c power and all fuel stoicd m the
spent fuel pool, a new reportabihty determmation was made which identihed tuo new postulated single
f ailure modes for the main steam line break event inside the containment which resuhed m the
calculated contamment pressure exceeding the design pressure limit. The first is a f ailure of the
feedwater regulatmg bypass valve to terrmnate flow to the affected steam generator. The second is a
failure of the vnal bustes to f ast transfer to the Reserve Station Services Transformer (RSST). In this,

case, power to the condensate pumps would remain available udie power to close the feedwater
regulating vahes and start the contamment pressure control spiems would be dela3ed due to diesel stan

' and sequencmg timet.

11. Ciute of Esent

The cauce of the esent has been determined to be an mcorrect assumption, made in the FSAR analysis,
that the hmiting condmon for the contamment response due to a Mam Steam Line Break (MSLB) was
hot zero power. Tlus incorrect at.sumpuon was based upon the judgement that at hot zero power the
steam generators contain the largest tnventory of hot unter and thus resuhed in the largest discharge to
the containment. Houever, recent MSLB sensitielty studies base showr. that this assumption is not
brmung.

As a resun nf the planned steam generator teplacement, the c ontainmer>t response due to a MSLB was
being reviewed. In order to assess the impact of the new steam generators, the current analysis resuhs
were used to benchmark new steam gener.2 tor and contamment modeh. During the benchmarkm; of the
current analp2s modeling the current steam generators, it was discosereo that the hot vero powei
condiuon was not hmiting.

wc s m ano
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The peak comainment temperature is highly dependent on the moisture carryover that occu':, from the
break. Moisture carryover is important in that with a significant moisture carryover the containment
temperature will be hmited to the saturation temperature correspondmg to the containment pressure. If
no moisture carryover occurs :md pure steam is discharged, superheatmg ui!! occur and containment
temperature wdl not be hmtted to the saturation temperature.

At hot zero power, the Inge steam generaur inventory uill assure that moisture carryoser wdl occur for i

most break mes. Howeser, at full pov er, uith the reduced inventory, moisture carryoter is not predicted
,

to occur. Thus, for peak contamment temperature, the hmiting condition would be full pour.

Further, the htmung smple failure is dependent upon the pouer level At hot zero power, the main |
leedwater regulaung vahe wdl be closed at the irutiation of the esent and would remain closed
throughout the transient. Thus, at zero power, the main feedwater regulatmg vab<e is not subject to a
failed open condition. However, at ful! power, the main feedwater regulaung valve would be open at the
mmation of the event and thus would be subject to a failed open condition. With a mam feedwater i

regulating salve failure, the feedwater addition would more than of fset the difference m imual mventory
between bot zero power and hot full power. Tnus, the htmting condmon for mnimum mass discharge to ;

the contammmt would be full pouer with a failure of the main feedwater regulaung valve.
!

These factors were not taken into account in perf orming the FSAR analpis. Funber, they were not
expheitly taken into accoum in the MSLB analpis performed to support the TMI action plan item to
implement an automauc sptem for irnuation of auuhary feedwater nor in the recponse to NRC
Inspection and Enforcemem Bulletin 50-04. v here adaiuonal MSLB spectrum studies were requested.

,

in response to an NRC reauest for mformation on automatic mination of the auxiliary feedwater system
made on December 21,1979, the design basis steamhne break analysis was reevaluated. In the analysis, !
the additional mass released to the containment due to auxiliary feedwater addition was added to the ;

FSAR case and shown to have no impact on the peak comainment pressure and temperature. Since this
study was aimed at only assessing the impact of the new automatic initiation system, the original FS AR ;

assumptions were not reevaluated. Ttus we supported by evaluauons done by the NSSS sendor,
Combustion Engineermg. This anahns was submitted to the NRC .a January 27.1950. Since the
information requested m 1&E Bulletin S0-04, issued in February 1980, was very similar to the request -

made in December 1979, it was assumed that this analvsis was also sulhcient to respond m the Bulletin.
Therefore, no new analysis was performed for the Pulieun. A Safety Evaluanon Report was received
from the NRC on October ' 1982, for the NNECO retponse m 1&E Bulletin 60-04. The '

non-conservative assumpnons were not discovered untii the MSLD was reviewed to evaluate the impact !

of the planned steam generator replacemen..
C ,

11 should be recocnized that in determmme the cau3e of t ns event, reliance has been placed upon the ii

available documentation for the anal sis and evaluations pe: formed in the 1974-1960 time penod.3 ,

Because these evaluations were performed over ten years ago, not all of the documentation has been i

retnered. H o'. mer, from the documemauon hat we have retriesed, we beheve we have been able to !
reconstruct the logic used to jusufy the previous submittal .md have determined the root cause of the !
event .

.

The cause for the August 4,1992 determinat n was incorrect assumptions made during the MSLB !i

evaluat ons performed m October 1991. j
f

I
i
!

|

!

,
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As part of the October 1991 MSLB evaluations, a f ailure of feedwater regulating bypass valve to close
was consdered, but was assumed to only preside 10% of full power feedwater flow to the affected steam
generator unh acceptab!e containment pressure resuhs. Therefore, no provision was made in the JCO or
proposed plant modihcations to isolate the bypass feedwater flowpath. In response to the
October IS.194 1 determmation. a re-anahsis of containment pressure response to a MSLB was imtiated -

m preparation for revising NNECO's response to I&E Bu!!eun 80-04. In June 1992, the re-analysis of
the fadure of the bypass valve to close was performed using actual condensate pump curses and
feedwater regulating bypass sahe flow charactensucs. ihis re-analpis resuhed in the calculated
contaRment pressure exceeding the 54 psig design hmit. It should be noted, however, that this case is
less hmiting than the case with :he fadure of the mam feedwater regulating valve to close, which was the
subject of the origmal es ,luanon. '

The October 1991 MSLB evaluations aho considered the pouibility of parual loss of power cases. i

Proposed plant modihcations would have ehmmated all of the cases identified at the time. However, the
recently idenufied smple failure of the vital busses to fast transfer to the RSST will mtroduce delay times ,

that were not presiously considered m the MSLB analpes. <

III. Anahw of Es em
.

This esent is being reported m accordance with 10CFR50.73(a)(2)(ii)(B). which requires the reporting of
any event or condtuon that results m the nuclear power plant bemg in a condnion outside the design
basis of the p!am.

, he safety consequences of this event are the poten tal overpressurization of the contamment unh ,

w5 sequent damage to the contamment structure and safety related equipment required for safe shutdown
of the plam bom a postulated MSLB esent. Upon consideration of contamment design margins. safety
related equ:pment quahucanons, and stancbrd post inp operator acuans, the safety consequences of this
esent are mintmal.

In considerm; the cafety consequences of this esent the followmg items were addressed:
i

(a) Containment Structural Integrity. The Mulstone 2 containment consists of a prestressed. '

reinforced concrete cylmder and dome connected to and supported by a .massne reinforced concrete
foundation slab. The containment was designed for an internal pressure of 54 psig. and was tested to
62 psig dunng the structural integrity test. The working stress design method was used to design the '

contairunent structure for various load cases, including the case of a design pressure of 54 psic. The '

contamrnent gructure was checked for factored loads and load combinations, includmg the case with
a 1.5 load factor on the design pressure, which corresponds to El psig. The code regwres that

,

"strcngth be adequate to suppon the factored loads and that seniceab:hty of the structure at the '

service load level be assured," (ACI-318-71 Commentary Section 9.1.1)

The uhimate capacay of contamments has been studied and documented by man > sources recently.
In generah the anucipated uhimate capacny of a contamment structure has been found to be 2 to
2 5 times design pressure. NCREG-1150 enutled "Sesere Accident Risks: An Assessment for Five

,

U.S. Nuclear Power Plants," studies the chimate capacity of typical containment structures. Included
in this study was Z. ion, which is a prestressed containment, unh a design pressure of 47 psig. The
evaluation determined that a lower bound on the slt.imate capacity was around 100 psig (a factor of !

2) These detailed studies base taken mto accoura material strengths being higher than assumed, ;

code allowables being conservative. as well as a detailed evaluation of structural behavior during
be3cnd design basis events. A smailar detailed study has not been performed for Mdistone 2, but the !

same f actors which contribute to a lower bound uhimate capacit3 of 2 to 2.5 times design exist m ,

the Mi!! tone 2 containment structure. This evaluation of studies relatise to ultimate capacity furthers

substantiat e( that the containment can support the factored load case and be3ond. These postulated
load cases are beyond the design basis of the cc ntamment structure, but within the overall load
carrpng capabihty of the structure.

i
mre 3% '
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(b) Equipment Qualification. The electrical equipment in the containment required for safe shutdown
followm; all MSLB events has been quahfied to 10CFR50.49 requirements with temperatures rangmg
from 324*F to 445 *F and pressures rangmg from 70 to 127 psig. The migmal contamment
quahfication proh!e for this equ:pment was based on a LOCA esent with a mammum temperature of
260'F and pressure of 54 psig.

t

For a full power MLSB ulth no automatic feeduater isolation and no operator actions to isolate
~

.t

feedwater for 10 minutes, the predwted peak containment prenure and temperature is 93 psig and
427'F. Ahhough this temperature and pressur' would have exceeded the qualibcation of required
equipment, ue hase determmed that equ pmer. reqmred to be available to mingate this esent would i
have remained operab!e.

Thermal analysis has shown that for the predicted short duration temperature peak at superheated -*

condmons the surface temperature of tafety related equ:pment will not nse above the saturated
temperature of the part al steam pressure m contamment. Thn method of analysis has been
presented by the NRC m NUREG 0559 paragraph 1.2(5), NUREG 0510 and NCREG 1511. There i

'hate been a number of vendor test results uhich hase also demonstrated this effect. The postulated
parual steam pressure of the comaimnem during the accident is estimated by subtracting 14.7 psi, [
i e. the iniual parnal atmosphenc air pressure, from the absolute pressure of the accident analysis. !

The resuhmg mammum steam temperature dunng the above MSLB accident is thus predicted to N
322 F. At this temperature, a!! of the required safe shutdown equipment m containment would be

;
quahfiab!e.

The pred:cted MSLB accident pressure of 93 psig is slightly higher than the qualification pressure of |

some of the safe shutdown equipment m containment. The lowest quahfication pressure of this 9

eqmpment is 70 psig. In general, electrical equipment is more sensiti. to higher temperature and
hum:dity than higher pressure. The in!!owmg eqmpment has been analped for operabihty with this ;
pressure condinon: i

!

(1) Westinghouse Comainment Air Retirculanon (CAR) Fan motors would have been operating
prior to the presure peak. The increase m the CAR fans brake horsepower, due to the higher
density air durmg the accident, has been determined to be withm the qualification requirements
of the CAR f an motors.

(2) Conax Electrical Penetranons are quahbed to prenures in excess of 110 pstg. They would hate
.

been operab!e and qualihable. 7

;

f3) ASCO Solenoid vahes control various contamment isolation vahes. Following containment
isolation. these sahe< would be deenergued and would remam deenergired through the pressure
peak

(4) Foxboro and Rosemount pressure transmitters are used to transmit prenure and lesel signals to :
the reactor protection system. Ahhough the accuracy of level transm:tttrs may be slightly

.

affected by higher static presure, they would remain operable. |
|

f5) Weed RTD's tnomtor RCS temperalme. The operabihty of an RTD is not affected by pressure ;
tchanges of the magnitude expected by the MSLB.
!

(6) Inadequate Core Coohng Momtonng Spiem consists of in-core heated junction thermocouples
to monitor reactor vessel water level arid core exit thermocouples to monitor core outlet
temperature. The system does not contain any pressure sensmse components. I

in summar6 all required safe shutdown egmpment in containment has been determined to be operable |

for all MSLB evems.
|
.

I
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(c) Main Feeduater Block Vahes. Evaluauon of the original vahe specification for the main feedwater
block vah es, 2-FW-42, and 2-FW-42B, mdicated that the vahes would have clo(ed in the event i

Specihcall , the worst cne iof a mam feeduater regulating vahe failure comcident with a MSLB. 3

dif ferennal presure was determined to be 901 psid. which is signihcantly less than the original vahe
specification of 1600 psid. AdditionaDy, plant stanup data demonstrated vahe closure uithin 10

'seconds as required by the ongmal sahe specihcation.

(d) Operator Actions. The Emergency Operatine Procedure (EOP) for Standard Post Tnp Actior.s .

proudes mstrucuons for estabihhing proper mam feedwater splem conhpuration follouing a rwm {.
'

inp.
,

IV. Conective Action

A Jusubcation for Continued Operadon (JCO) was deseloped to allow the plant to return to power
operanon by sianoning a dedicated reactor operator to close the main feedwater block vahes follouing
any reactor trip. A main steam Une break event was analyred for a double-ended break at full power,
with a failure of the mam feedwater regulaung sahe to close on the affecteri steam generator. This
analysif asumed operator rction to close the mam feedwater block vahes within 15 seconds foHouing the
reactor trip with a 10 second clo<ure ume of the valve. The peak contamment pressure and temperature
for this case is predicted to be 54 psig and 41PF, This JCO documents NNECO's esaluation of .

operator actions foHouing a reactor inp, feeduater block valve operation under postulated accident
conditions, containment structural integnty. and equipment ennronmental quahficanon. Diagnostic testing
of the motor eperated main feedwater block vahes was performed in accordance with established
procedures deseloped under the Northeast Unhties Genenc Leuer 59-10. " Motor Operated Vahe Test
Program." Th:s JCO provides reasonable assurance that, with the actions of a dedicated operator, the
contamment pressure uill remain below the design basis value for c'1 main steam hne break events.
Ahhough the predicted MSLB temperature peak exceeds the contaument qualification temperature of
2WF. all of the requaed safe shutdown eqmpment s quahfiable based on a ma>amum saturated steam
temperature of 255 F. Gwen this justihtanon for continued operation, the unit was returned to power
operauon on October 22.1991. Short term plant modihcations to automaticaHy close the rnain
feedwater block vahes gh=en a Containmem holation Actuation Signal (CI AS) were instaHed and tested
in December 1991. As Etated in the JCO. these modifications eliminate the necessny to station a
dedicated reactor operator to close the mam feeduater block vahes foHowing a reactor tnp. j

in response to the August 4,1492 determination a muhi-disciplinary task force was established to
imestigate contamment response to postuhted MSLB's, and to propose moddications which ensure that
the response k acceptable.

,

Based upon the evaluations concerning all of the poss:ble single failute modes, plant modifications have f
been instaHed which mclude addmg redundam Main S;eam holation (MSI) signals to MS) actuated
components; addmg MS! srgnah to components which currently do not receive an MSI signah modifymg
the MSI logic to actuate on lugh containment pressure, as weH as low steam generator pressure; -

upgradine power supphes to vital power for selected vahes. lowering the containment spray actuation
setpomt, and providmg the Emergency Diesel Generators uith a Saf ety injection Actuation Signal. ,

Figure I shows a diagram of the main feeduater sptem with the insta!!ed mothfications. FoHouing these
modificauons, the predicted MSLB peak containment pressuu and temperature wdl be equal to or less i

j than 54 psig and 426*F. Therefore, the required safe shutdown electncal equipment will remain
,

' qualii'iaNe. !
!

A revised te,ponse to 1&E EuHeun 60-04 was subrrutted in January 1993 to update our previous | t

subrmital for contammem response and return to power for MSLB erems.
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V. Additional Information I
-

fThere were no fai!ed components durine this event. +

Similar LERs: 77-23, 80-05, 83-07, 85-01 and 56-10 j.

Main Feedwnter Reruhtinc Vahes f
1

Manufacturer: Copes-Vulcan .!
s

Model: P-200-12 Angle j
Size: la inch 900# l

EIIS Code: 5J-LCV-C635
Main Feedwater Block Vahes
Manufacturer: Crane |
Model: L-900 Gate !

Size: 18 inch 900* [
Ells Code: SJ-ISV-C864 i
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MSI A = Main Steam isolation Signal Facihty 1 o ; --

A I 3 {[[g "5 siMSI B = Main Steam Isointion Signal Facihty.2 X
E f $h..on $5

(Facility 1) = Pows.ed by Facility 1 orw-wa me.,

44(Facihty 2) = Powered by Facitity 2. iracii.D)
-
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'*

" 3E 6AC = Alternating Current .

{DC = Daect Current o-
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$rpJgi' ADDITIONAL MODIFICATIONS *

tio*g3"a3-1. Reduce Containment Spray Setpoint from'27 to 10 psig Q ?. 5. - ;r

2. Provide Diesei Generator Start on SIAS E 8%*
o 165-

'
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