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Subject: Teledo Edison Company .’
REFORT Q! DEPRESSURIZATION EVENT
Davis-Besse Unit | . .
BaX Reference 4SS-14

Dezr lr. Domeck: oo

By telecen of October 10, you have requested BIl input for a repert to MNAC regarding
the deoressurization event of SeptemSer 24, The NAC exit interview notes dated
Octoler 7 swmarized the necessary content of the resort. BIW is providing write-uos
in the following areas in order to sudbstantiate the conclusions of CiT-1573 and BWT-1379
dated October 5§ and 7: -

A. Description of the chnt

B. Evaluation of the reactor coolant corponents

€. Evaluation of RC purps

D. Evaluation of the fuel -

In orier %o expecite sudbmittal of vour report, we are senging Sections A, Cand D at
this tire, as agreed in cur telecon of Octoder 24. We expect to forwars Section 3 by

loveer 7, and we will try to impr. 'e on this date.

Section A descritec the rezuonze of events as reconstructed from corputer 2larm print-
out, reactirater :ili, ang control room recorders (Attachment A.1). We have attached
pertinent recsreoer charts of T, RC pressure, sressurizer level (Attachamonte 22, A3 and

o ~AVE

As) and rezciizater dlois of A0"'nlet termerature, RCS flcw in each loop, RC pressure,
presturizer leval, inc uatar level and outlet pressure of each steam generator (Attach-
rens A5 througn G13). .

Section 3 will include evaluaticns of stresses in the precsure boundary, the depressuriza-
tion transient, beiling the SG dry, jet impingement or the SG, and effect ugon fatigue
life.
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Section C exnlatng the evaluation which was performed to verify that there was no
stgnificant damage %3 AC puro bearings, seals, or ircellers (attachment C1). The
transient as it affected the PUDS 1S suTrarized in Attachment C2. Attachrent C3
defines the instrumentation and operational checks aocplied to the pups, The
resuits of the operational checks are tabulated in Attachment C4.

Section D evaluates the effect upon the core %o determine (1) whether steam was
procuced in the core (2) the maximum irntemal fuel rod pressure, and (3) whether
maxirun 1€t force axceedad the 1imit (Attachment 0.1). Reactimeter plots are
attached for reference Attachrents .2 through D.6. ;

Very truly yours,

A. H. Lazar
Senior Projecs Manager

%&’6«:—#

A. Laver
roject Manager
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Sequeace of Events -

hthand bt

The event started at time 21:34:20 on Septecber 24, 1977. The plant was
4n Mode 1 with Power (MT) = 263. The turbine had been shutdown earlier in the
evening to repair a leak in the main steaz line ac.an instrusent connection
betvees the turbine stop valves and the high pressure urbine. At this tise
a balf trip of the Stean and Feedwater Ruptures Control Systes (SFRCS) wvas initiated
by an unknown cause. This trip shui the startup feedwater valve to #2 steaz gencrater
and stopped all feedwater to this generacor (because of the low power level (he =ain
feedvater block valve vas already shuz, {solacing tae zain feedwaler suntrel valve).
The lov level alarm was reached in #2 steaz gencrator at 21:34:4a, Bcfnre the
operatar ¢ould identify and co'vrect the problen, the low level in $2 steam gevarator
produces a full trip of the SIM{5. This crip shur the main steas isclation valves
and feeduster isolation valves (a Doth steaa genaritors (cime 21:7%:13). SKC
xls0 started both auxilinry fecdwacer puzps. Thes nuster cne pu=; =nic med as 1n-
tended, however, nuabe: ;wo auxiliary feedwater jump only LiTe up 0 650 AP, la-
sefficicnt =v feed its steum generaror (€2).

D

‘he loss of feedwater, firsz o cme and then both rream gescrators, ciused an
{ocrerse in primary wvater tesperatud.’, whizh resulted { sa incressa in pressurizer
1orel ac? thus reactor coclans systas jressute. At 2038 PSIC the pressurtirr zlestros
macic velief valve recelvec az opat gignal. During the neat 4«C secoads, it 'moedved

sine different open and cluse sigoals Lter one of chose rignals the valve stecs
op=n. This provided a c-atinuous 2%™-west path from the pressurizer Tt the awench
cank, When pressurizer levul got to 240", tne operator aanuaily irigpic ‘he £« ctox
41:36:27). Er:vgy escaning fros ‘he eleccromatic relief valve anw Lhuee waia

- {t. =

oy o iy A steis velic! walves. caused a rupid evoidfows - d cepressurization of the .easiler curlane

. - sys:'m. Reactor coulant srstem pressure Jr.g.ed 0 1600 PSIC (cdme 2):37:47) fadviaciag
(3TKS) Mis startea %igh pressure 1] sction azd

the Gafecy Teatures Autus:iica Systea |

lation ve. ves incluling the guench tank edoudng lines.

eliaes numsicus coatainmeat iso

. ¥ith che alectromatic relief wilve ezill open and cooliry water igolated tv the
quench tank, b quench tank Tupture disc ruccwred (tize 21:40) relieving water/stesa
to the contairment buildisg. This discharye dazaged a nearby vern {iztica duct, was
deflected off this duct and directed onto 2 steam generator. The steam tore off

- appraxizately a 10' high x 20' circuaferential section of insulaticn from 7 steaa
generator. The paint from the then exposed area of the ste:a generator was blasted
svay, The stean in the contairment also resulted in two fire alarms (one near RCP 2=

and one near the pressurizer) and a single channel RPS trip on high reactor building

pressure (4 PSIC).

SR W YL
Mh.-&-‘u»«.wo’“m > aenb ddd
e — - —— o —— NI

ah daaa gt
"

reseated the decrease in Teactoer coolant system
re injection pumps staited to raise pressurizer
topped the high pressure injection puz=ps. (The
ime in regair 1g seal iojection flovw
topped by the SFAS actuation. By

and normal flows restored o

: When the main steam rclief valves

temperature stopped and the high pressu
level. At time 21:40:34 the operator s
operators had been heavily involved before this €
to the reactor coolant pu=ps. This flow had beea s

21:39:40 the appropriate SFAS signals had bcen overriden
the seals of the pumps). Reaczor coolant system prossure cortinued to decrease until

saturacion pressure vas reached and steaz began o form in the RCS (approximate time
21:42). This causcd an insurge of water into the pressurizer and pressurizer level
went off scale high at 120 izches. During this level increase the operator, seeing
average reactor coolant systea temperature and pressurizer level increasing stopped

one reactor coolant pump in each loop (time 21:43:11).
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i{n {2 ste~= gencrator, the STALS s¥vd Tave a
low pressure block pernit signal at tize 21:43:33. This alerted the epeator to
Be blocred the low pressure

: the lov level and feed comdition of ¥2 steanm gencrator.

trip (ti=e 21:49:28), ook =anual contrsl of the speed of 21 auxiliaTy fcedvater
pu=p and fed #2 gencraror (tize 21:50). The operator sav che rapid addition of
cold feedwater dropping the reactor cooclant system tesperature and stopped the

feedvater addition To this geacTatar.

‘Due to decreasing pressure

da

L

21:55 the operator shut the biock valve for the electromatic
relief valve on the pressurizer and stopped the venling of the reactor coolant system
to the guench Task. As 22:05 pressurizer level came back on ccale. ' At 22:13 “he
eperator started 2 second makeup pump to LTY and stop the nressurizer level decrease.
This additional cold vater started the reastor coolant systes on a slow decruasing
temperature transizaz. At 22:17 pressuzizer level resched ste low level incerlock
ard cut off the pressr izer hezzers. At 22:23 che operator starzed 3 high pressuTe

injection pu=p &3 I 3ad stop the d

At approximately

dia#rk f“&ﬁn.

Al i « o

ecreasing pressurizer iszel.

Sl e 5

The level and pressurs iu 2 sieam sererater agaln decreasaé te the paiat where

the UTRLS gave & low pressuve slock permit sigamal. The aperatar again blacked the
4 coatrol of its auxiliary feedwator pu=p, restored

t trip and. Chrough mazual spee
2 tewel ap+s sressurte in §2 steam generaror (zime 22:257.
? Wizh pressurizer level vell en its wvay to recovering,rhe operaior szopped the
high pressuse iniecziopn puzp (tize 23:27:44). AL tize 22:31 he restcoved AL masenp
fng RC temperatuTe z-anuient starced

1his steprel the siov decreas!
vere now fully uadeT sonzrel énd ghe plaat vas

owm started.

flow LC DOTWEEL.
ar time 22:15. All plant ia‘amoters
brought T 3 steady srate cnnaitien and a normal plant coo.d
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1 . RC PuPS

As a result of the Septerber 24 abnormal system transient, the reactor coolant
pumps experienced the conditions outlined in Attachrment C.2. In orcer to
demonstrate that there was no serious damage to the pums, a series of operational
checks were performed as cutlined in Attachment C.3. The results of the
operationdl checks are described in Attaciment C.4.

3 Bad has reviewed the resulss of the operational check. and conc'uded that no

1 detectable damage has occurred tc the pump corponents., &L« finds ti2 putor T3
; be serviceznle for sustzinee full operational conditions witlh ro femzciate

3 requirement far caintenance.

It should be noted tha” a step increase in vertical vibration of 2-I pum was

; otserved during the initial low pressure checkout runs  Thic indication was

1 later 2ssessed to be spurious instrument roise as a resalt of a loose conmectir on
an instrurent line. After the cornector was tightened, vertica’ vibrat.ons remaince

: tess tnar one quarter mil peak-to-peak amplitude,

3
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ATTACIZCET C.2
RC PUPS
SEPTEMBER 24 TRANSIENT @ D3-1

ur RC pumps were subjected to the following:
0:00 Reactor trip
1:10 SFAS trip )
1:12 Ceal return valves shut for 1:16 -
1:13 Seal injection valves shut for 1:32 2
all four purns operatec for 1:15 with no seal -4
{3 jection and no secl return flow during an RCS 5
de-pressurization 1
2:28 Sea” return valves open s
3:05 Seal injecticn valves open F 3
~ 6:00 Steam formation E =
pressure oscillating near P AT for ~30 to 45 minutes -1
36:07 Total sez2! injection flow low Uaré i
Pup I-Iv ' ! '!
7-0¢ . Pumg tripped :
7:45 Shaft stopped .
36:07 Atcut one minute of low seal injection flow (near 2 gpmj Y e
flow iebalance starved seal injectica o4 f‘ ¢
36:20 Seal retura valve shut . . ¢ 3
1212:55 Standpipe level high 'y Eﬁ
1:17.% Standpipe level normal " 2 B
Sump 2-2: 3
4:20 High vibraticon
“ 7:04 Purp “ripped .
; 35:07 Lost seal injection fur about one minute “
36:22 Seal return valve shut for about 40 seconds

'
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Aczess vhather paintenmance is required of RC pu=ps oc a resutt of adnormal

trensicat of 9/2k/TT. Operssicnal checks will be required 2o demrnzarate

tha: no significent dimege has occurred %0 the pusp Lierinls, ghnst anéd

seals., TFirz: scries of testc vill b2 performed i{n liade S duc to ezaraticnal -
restristions oy LES. ser on orarstionc’ chzens will bBe perfor=zd in lizde

3. Esch pup will be opereted indiviganally for o Gevision mcs %o cxceed
ten (10) mis=tes, providing all defized paransters reziia within liz=its
establizhed in this proescuTe,

T TR U | T

Operationzl sequonce vill ve asz fcllowz:

A4St puzpn vill be ctarted pnd pimp shofts potstod by ha=d, Zomze values
are =t $o cxseed 220 fi-1lds, A steilcoscene w212 Be pruvided
axy toasual sreenzalcsl moises ia sezl nounizs avel. (wais hes Deen

tacto~ily scmpieced ea 10/3/7T).

AT R

Hode § %e:tics 225 sig.
2.1 Instru=entetiaon Roguired - see stteched (1A). :
2.2 Comurer Data - "o

= 15 seeonds,

Priatyzt 7SS special swmary tread for Tusning RCY every S
2.7 Followisg limits skall act be crcesdesis
A. Shaft vibretiaon - 15 mills pesk o peaze

5. Total stasipize lesrage (oprer seal leet 2ge) plus seal retura should
nos exceedl€ mp=. IS, during the test tois lizmit ‘s exicedad, the
poszidility exisss of t= open seal. In o case will sesal ecel

leakzge be allcwed to excesd 2.5 o=. IS this limit tz exsecded,

paintenznce will be required before further F==p operuiicz.
€. All cther mor=al plant lizils and precs3tiocas prevall.
2.4 Sequeance cf Cperatioca:

A. Secure standpipe flush. p,

B, Estaclish seal iajection in accordance with plant operating proccdurc.

C. Measure =né reccr? standpipe lesv=ge azd return flov, confirm that
total leaxage lizits arc oot excuziod, y

D. cure comuaicasicn betwesn contril roes ard perzonnel stationed
at NCP standpise leakege dradc U,

E. Countiown frem 10 to O
Start strip chart rccorders at L0 oeed;

' start lieactar Codlant T=n 2.7 ooy cspdunee with plast op. procedunc.
After epprox. 11 oee,, reduse ©F ¢y hart. speed, p
.
—— e S p—— e - - ——— — - f
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1 . ¥. Run pusp for tvo (2) uisutes unlezs wny ebove li=mits arv execcded.

C. Dota tuken vill be uszessed by MW aad IeJ represeatatives.

- TR Y ot - -
‘ fl. TFollosing usseszment of data, pwmp =y be run for an addiilonal f.7e (5)
" - - * .
mimutes to allov for venting proczaurs requirenentis.

I. Follow adowe ceguence on 2-1, 1-2 and 1-l.

i t o e z{ntenance ic
8 censement of this deta will deterzise whather aay ciin

potarr

-4 - - 1) o
required dbefore higher pressure operciizn is wilc ed
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sAMILAR - = them 1300 :sis 3
3 "...,. - test will Be mrpeated vith systea pressurc st ":"'"' : I"J"‘ - 4
I 3 - - &P v A (he DU=DT s cz?-.;-( - ¥
- dater=izatican on conditicn of the R
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rore: Al af above ehould be reeardec oa '3 8 s
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Upper and lcwer cavity pressuTes = all four pu=D3.

Both herizeatal T30 vitresics Probes = all focr T=3S.
VR Systiz Preasuss oF sustion prESIWLM.
Versizul pride o 2.7 T3

Standpipe lew.sl2 e 5% Sowes

hanncs rTon recs résr lecated

{u the coutici YOR.
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Syste= pressurs 25 psis

254 Seal cavity sressure 165 psig
3rd Seel cavity pressTrr 123.9% psig
Aarizonsel vitrailca € - T.5 =lls
Verticel vidratica 25 aills

Ates the tvo minule IEl, e pep

Aweus 30 ceconls ballre e pumy vas shuliovm, Shere Sar
The Ty VAl maa gguiz cn
e vertisel =t enticon <23

vidratica ts 2.9 aillx.
checkout Shis phenes=ncn.

e out S-secuats Ye Pume SEELAS.D VIeTE g% tioressed 11 7.5
——my WETE WD

2ei a2 242
29 =icales.

lopger ~ua tiow,
ges Tur-alace I9

7 ——

b
i STATUS OF = OF REACTOR C&Dlgﬁ. PLPS:
] .
! 11 four
g vita the fallowing results: - -
RCP 2-2 1C/S/TT B {2 ;:.‘:.!:

e veriiiel

= meyring sSzred AT 25 =Hils

wirfT /‘:...,, ~CH pl

fidimar~

Peactcr Ccnlmt- Pu=ps vere ruz on 10/5/T7, per the sttacheld proceiure,

2rd Seal leazege 24 L
- R e
serl return I.CW
vis o for Sen ndnotes ear srste= ventizg.
g = so3 Lnasrecse i e
1p €, = Z:r i3 =isutes

stz 23 gitls weil
To aslcw &
“hez 2-2

- -
P

& 4"
Ve .

sagetnrr Jar 19 =!mites,

the s0%ire rUR. “nig oA ecmiizue 7O Be ooritcred ATLLE T wos o0 FelNC
heut UPe
1 -
E
! L WA 4 G
Cystia pressure 2t psig 3=d Seal leasese ;lu ' b o= f
4 2nd Seal covity jresswe 12 psiy yetuza fl04 J <
2rd Sea cav .ty pressmE 70 pig z
Eorizontal vibrstics S - T.§ -:...u ¥
;
L <y - ’.z .
) — W _.‘
4 Svetes pressure 2T pais 3rd Seal leatase PidS 5 ) om ]
2nd Seal cETATy TTESSTS ~=.27 P8l retma OV ) p '
3rd Seal caviiy press== 3i.3 psis o
1 HSorizontal vibratica 5 = 7.5 aills
1
E Re 1-1
1 Syste= pressure 225 =13 ard Seel lemkase PIUS b L oo
2nd Seal cevity PresST=T .59 peis returz flov i
ﬁ 2rd Seal cavity press=— a1 3343
E Horizontal vidratis= § - T.5 =22
3
1 i
1
"
4 -
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gauges read as follovs:
1-1:
164-2nd cavity
121 -3xd cavity
1-2:
18k-2n2 cavity , -
J12.3rd cavity )

e realings indfcst> th» seals ave siagsg Sesperiy
FPased oo the aduve performance, 349 sees no concerm =hiczh would Jus

snce at tils time, N

Purther Testing to be Dame:

1. During heatup, coatsct 3&F whenever TECO plans to etart a RCP
: data can be taken at Es&d's discratiom,

ail Jour pwmps.

ol G = ~gat o

[T ol p*

The spparent discrepancy oo seal cavity pressures on l-2 and 1.2 vas checked
en 16/6/77 by imstalling pressure gauges at tie pressure transziiters. The

tily maluten~

, 8o add!tiomnal

2. At systes pressuwce > 1300 psig, 3 pu=ss ruasizg, dats Vil be taken &

s AT
biarccy 1 'S5 L ¢
1 r——— ’
4
d

Py | S—

-~



. ; e s teiiiia aadibaas
’ .

4 §TATLS OF GEZIMCUT OF PEATICR cocLasT FMPS:  10/13/TT

E

1

A

8 All fzur BC Puzpz zave Deen Tun al systes pressure greater “tan 1300 psi.

% RC Pu=pzs 2-1 anz 2-2 have eamzinued to run from the initial cold piu=p starts.
1 Below is a =ypical lize of data Ire= each pu=p.

o

RCP 2=~

Systen Pressure - 1650 psig
2nd Sea. Cavity Presscre = 1024 psiy
Ird Seal Cavity Pressuse - 3500 psig
tord onsal Vitratiss - 3 =ils

ROP 20
o —

Systen Pressure w 2650 psi3
i 3eal Cav iy Press ue - 079 Feo
srd Seal Caoity Prusscrt ~ €38 sl
Farizeatal Yiyeiiius « 3.7 =

&

RCP YL

Systoa presrture o WSC psig

2nd Sewl © rity Pressne - 1056 ps.g
Sra 3mal Savicy FressTt - S40 psiz
Horirrate.. Yitresicn =~ 4 mils

ikl e ST T chia s MARLY nt? o it il 1

2 lei - .

- ———

-
-

Syster. Pressure - 1£5¢
2nd Sea) feviz Prosiu: - 520 peig
3rd Seal (arity Tressur: - %20 sad
Torizozcal Vibwaticn - 2 =ils

w N
L1

Based on the above data, 34 feels that all four pu=ne are in good operating
condision and require =othing =oT= st this time than periodic aeonitorizg.

RFS:ale
10/23/T1

kb i b

'y

Ty




PRI WL

PSS LT

PR TR | g o= & B adak aa o ol

b il b latente &

acd Mo ¥

08 1 CORE
RIALYS]S OF SEPTEIBER 24 QEPRESSURIZATION EVENT

A rore detailed analysis was done to 2ssess core thermal cenditions during the Septerber
24 depressurizaticn event at Davis-Besse 1. Core conditions were analyzed o (1)
doteroine if steam was produced in the core, (2) acternmine the maximun internal. fuel

rod pressure during the transient, and (3) determine if maximum 1ifl ferce exceeded

the limit,

CORE COOLANT CONDITIONS

Attachment D.0 shous sransient thermal conditions as monitored by the reactimeter,

The system pressyre j« measursd at the pressure I3d. which is approximately 63 feat
above tihe top of e core. The RC pressure at the top of the core is encruximately

$3 psi higher than the measured pressure beCluse of unrecoveratle and clevation
presoyre josies. As shown in Attachmert 0.3, tne predicted core coolart temmeralure
ig slightly higher than Tne ® aimage saturation temperat.re {basad uoon wasured
onss:'ﬂ. howsver, thers is scme gncartainty in soth lhe mwasurczent and the
pradiction, therefore, it is possible thal sore sapor publ'e forution ($team bubdbles
i water) culd have cceurred within tha core., An eramnation of the reachyreler

data {aitachmen D.3) indicates tnat the RCS pressure Jevei was near toe soturetion
pme. .ume for 1253 than one hour and that duming this time gericd the preaciuTe osc:1lated
with 2 variation ¢f * 50 pai. Thersfore, the naxirum time pericd during wnich the
core woulé ha'e 2een subjected 2 bubbly $1ow was less than cne hour, Asproximately

f1 ftoen tirutes ofter regctor srig the ccolent temperature drepoed below tne minimua
estimated saturation ‘empera.ure, theretore, the budb'y flow, 1f it existed at atls
oz rred for w0 Tore thin len winuytes 1 f bubbies were éormed curing this neriod,

the formation would le ir *he liquid as w11 a; on the surf. ce, as osposed to formation
from a hot surfice, With toe remperatyres, time duration, and type of formaclice, N0
signifizint effect on the components ~ould be predicted.

FUEL R0U PRESSUFE

Pwige t0 the Aspressimization svent the reactor had been operating at 15% power for
aporox/racely one weet. imrediately prior %0 reactoT trin the scwer level was 52 of
ratad power. The core buriug =as 1 EFPD, therefore =0 sigai ficant fissicn gas
production hag occurred 314 none was reieased. During the 60 minute time period in which
the indicated RCS pressure w2s ecrirated to vary from 200 o 1000 psia at tre top of the
core the average cocolant teroerature was less than 520%F ana no significant heat
generation occurred in the fuel. An initial evaluation had predicted tensile stresses
in the cladding nased uncn 3 mazimum pressure differential across the cladding of 2CGJ to
200 psi. This evaluation had been based uoon 2 BOL TAFY analysis with an aroitrary
safety factor added to ensure that aczual conditions would he bounded b¥ the prediction,
A more recent analysis, again using TAFY, has resul ted in a predicted maxirum internal
fuel rod pressure of 1000 nsia. This analysis consicered as-built fuel propertics and
hot, near zero power conditions at a coolant average temperature of 540°F, On the

i
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Assrzing @
At zach=wts
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sasis of this analysis it is concluded that
2ny significant

cince the cladding
7 long term effecis on
occurred would have
chort duraticn of the tensile siress,

level of tensile siress during the s

the clagding resulted.

CORE LIFT

-

coalant tammavatuty of 337
6.8 and 01,5 n: net b &2

i€y fgrce it 472 1.,

fir e

K 4

she fuel rod
ubject depressurization event,

wae not subjected to a large, Yong temm
Tne tensile stresses which could 'ave

little effect on the cladding due .to the
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cladding was no* subjected to

tensile stress, ne significant

small stress lewved and the

£ sné 1O X .',)6 15/ran systea flow (per
Force will be less
rharefore foel asseadly
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