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MEMORANDUM FOR: Edson Case, NRR
John Davis, I&E

FRO'4: John Ahearne N'
|

SUBJECT: RESTART OF DAflS-BESSE UNIT 1

Attached for your information and review are copies of two analyses of
the September 24, 1977, incident at Davis-Besse, one by Babcock and /Wilcox, the other apparently by the licensee. I note that the B&W pape
is labelled ' Advance Copy," so there may have been a later version. I '

would apprecia M any comments you may have on these analyses, particu- y
larly how they mby relate to the Three Mile Island accident.

f~

I understand that I&E has requested that Metropolitan Edison not restart
Davis-Besse Unit 1 without first notifying I&E, and that this restart is ptentatively scheduled for sometime in the April 9-10 time frame. Since
the reports from the operators of B&W plants called for in the IE Bulletil
79-05, Nuclear Incident at Three Mile Island, sent on, April 1 are due at j

about that same time, I strongly recommend that Metropolitan Edison be
requested not to restart Unit i until NRC has received and reviewed
these responses for whatever implications they may have on further i

operation of Unit 1.

Attachments ,

cc: Chairman Hendrie ,

Commissioner Gilinsky
Commissioner Kennedy
Commissioner Bradford
SECY

EDO
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Of these two transien'ts the loss of feedvater results in the greater
volumetric coolant cont: action, because the forced coolant flov (RC

,

Purps operating) causes a faster rate of heat rejection to the steam.

- -
generator.

1. Loss of Offsite Pouer .

Prelirinerv c e l tu.lti.hr.s f o r a r e a c t or t r ip f oll owing a lo s s o f'

of fsite power show that the pressurizer loses indication'but de:s
not empty. The assumptiens used to derive this' result included
full runout auxiliary feedvater flev M400 sp=) resulting in a
fill tioe to 120" of about 4 einutes. No net mass change to the
pri ary coolant (no takeup, no letdown) was considered, even thou
the makeup controls vould respond to decreasing pressuricer level
by increasing the net input to above 200 spm. At the ter-.inati:r

,

of the transient the pressurizer level is slightly above the outl
into the surge line. Reactor coolant. pressure reaches about 16'.'C
and high pressure inj ection nay be automatically initiated.

Although the net makeup was not considered, it would in f act caus
the pressurizer to refill to the normal level. At the same time
co:pression of the steam would cause a partial repressurization e
the system ensuring that the coolant remains subcooled. This tra
presents no safety concerns.

'

'

2. Loss of Teeduater -

.
-

.

This transient has a g cater reactor coolant contraction than th:
loss of of f site power case, resulting in emptying of the pressu:_

.G.ul b Consequently it vill be described in greater detail. .

.

A brief st=::ary of the events is:, ,,w. . -~~ m .,
$2- ~< . cy # M'

Reactor trip Time = 0e

g. ytr 'J. ?d -

Fakeup control valve opens vide admitting , c~~~ . = 0+e .

~

full cakeup to reactor coolant sys".es

'. AFW initiated Time M40 se:. w. . - w
, . - - = * " * p es,,

y,;., in :.y < ~
pressurizer empties; RC systen pressureo. .- ..n .-a e - slightly greater than 1800 psi Time y 2 min. y

h?I initiated by STAS; =akeup isolated Ti=eg 2+ ci:e
,

Stea= generator level = 10 ft; voids* o
exist in reactor coolant Tite ~^'4 =in

550040)5 y.,, 1,,1,._. ,,,1,c,, ,,1 ,, ,cc,1,, s,,

voids; pressuri:er Icv.1 begins to be
restored Tiney7-8r.i:

,

t . '- J ; - ' - - % ^ ", w* The mejor concerns thet evolv: from this trcnsient are the
dispositien of the stea= voidr r..d the approach to D';3. E::h -' - ~ "

. . . . - . . - . . . -
of the conce-ns a.re .a.telierat ed b.y the. rec.e. tor coolant pumps.

_ - 3---..- -- - - -- . .
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License So. S?T-3 .- - ,

.

Serial So. l75.
.

,

Dece:bar 22, 1978
? age 7cer . .

- ,

Stean voids vill not colicet in reacter coolant piping cnd to flev-
.

blocka;e vill occur because cf dispersal and =ixing by the forced
flev. DS7 accep:r.n=e criterien li .i: vill be cet because the power
output of the core is at the decay heat level and all reactor pu.ps*

are operating, maintaining core hea: re: oval. We conclude :*aa.: no
'

safety proble:: exists.
. -

.

.

.

. . .

.

. . ,
, , _

. ....- . * ..

STI.C AD TIbDWATIR LINI RL?TCRI conROL SYSTn:TA3LI 1:
(STRCS) ACTJATIOS ?A?J.XIIIRS

.

.
. .

Acciden:
Actuation Part:eter

Statien Variables Seto: int ,

.

*

< 591.6 psig ;2 3g,3;,ttne. 37,33l
1. Lou'Stez Line

"
-

Feedva:c Li.e I:Pressure ,

1
2. Lou SC Level 4 17 inches Loss of F/W

-.

3. SG Pressure Minus > 197.6 psi FWLS, LOYFW

Main Feedva:er Line Pressure
3 Loss of off-Si:e

4. Loss of All RC Purps
.

. . ,

.

.

NOTIS:
.

1. k~nen actua:ed, S??.CS closes both =cin s:ez isolation valves, closes ~ :
cain 7'J cen:rol and s:cp valves, initia:es AT.: and con:rols AP.? ::o cai..
a 120 inch level in the sos.

2. Align =en: of ATJ to a pressuri:ed SG is provided for stea: and feedesic.

line breaks. . :
.

and feedva:er line l'sola:1cn doer no: occur.3. L: d e 4. 3 . - < -.. but sten:--

.

.
'
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.' ' ' . - .III. teundit: Ar.civsis of less of Teedvater Even: L'ith Tailure of
" ooerater to Centrol Teedvater Level at 35"

'

Introductien:
.

.

'
.

.

The f ollo".ing bounding analysis conservatively predicts the even:s*

occurring vithin the primary reacter coolant sys:ce and reaq or,
following a loss of main f eedva:er frc= 100% pouer for the Davis-
Lesse Uni: 1. Auxiliary feedvater con:rol has been assu=ed at.10

~

fee: v thin both stean generators..

Recults: '

*
.

|Eecause of the censerva:ive, bounding, nature of this calculation,
ithe overcooling of the primary systen due to auxiliary feedva:er
Jinjec:len causes a centrae:1on of coolan: volume suf ficien: to

(creates:ca: vi:hin the pricary system. The steam is shcun to be
unif err.ly distributed vi:hin the RCS and the void fraction is 1.i'.*

The rea::c: coelen: pu ps maintain f ull ca.pability. The DX3 ratio
is shoum :o exceed 2.0 and no return to cri:icality potential
exists. Thus, during the course of the incident, no core problems
develop. 7erther, following the time of caximum contraction, the
syste recovers to full pressure, presser'i:er func:fon is ' regained

'and the reactor coolant returns to a subcooled vater configura:ien
without operator ac: ion.

.

Analysis:

The following assurp:icns have been =2de to assure the bouniing
na:ure of the resul:s:

-

-
.

Reactor power:

200% un:11 boiling s: ops in the stea: generators; 0% after that
'

,

tire. This asserption is conserva:ive as cere hea: vould compensa:e
for the cooling caused by the auxiliary feedvater.

Initici Coolant Inven:ories 'a'ater: .

'

3RCS = 112o0 f r

pressuri:e = 864 ft
.

These assun;; ions are n: inal operating values.
.

Initial Te:pera:ures:
.

The whole sys:ce is taken to be a: ~ ,. , , = SS2 F.,,

This asse:p: ion is a reasonable average.
.

Initial Sys:e: 15ss: N 500,000 lb:

The = ass is figured frc: the te:perature and volumes above.
'

.

'

95004017
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12keup System:

So credi: $s taken for additional makeup flow which vill occur es
the pressuri:er loses level., (In all likelihood, the O.akeup sys:e:
vill centribute approxt:ately 200 f:# extra licuid volute).*

.. .

Local Power (kv/ft): 18.4 kv/ft

This value is taken as the =axi u allowed by Technical Specifica-
tions. ,

Eccenda:y Side Volume A: 10 Foot Level ,

3 '711 f t per generator, actual volume.

Auxiliary Teedva:c Flow:
.

3166.5 ft /cin. per generator ac:ual value.
,

Auxiliary Teedvater Enthalpy:
,

. .

B 3:u/lbr. lover bound for =axir.u cooling. .

,

With the initiating event, loss of nain feedva:er, the reactor coolant
syste: pressure vill start to rise. Reactor trip vill occur en high ECS

pressure. Following trip, the RCS pressure vill fall because ' core power
has been reduced and boiling of residual cain f eedva:er or auxiliary
feedus:e: is occurring in the seca genera: ors. These even:s are altos:
identictl. to those which c: cur in a main f ced line break and are analy:ed

in d e:til in Se:: ion 15.2.S of the TS AR.

In sh::: order, the sys:e vill return to its ini:ial configuration but,

s,, [because the aur.ilicry f eedvater heat shoorption rate exceeds the decay*

heat genera:Lon rate, the RCS continues to depressuri:c. During this

phase, residual cain f eedvater and inj e::ed auxiliary f eedvatar vill be
boiled and vented through the s:ca: genera:or safety relief valves. The T

[pri=erysysta: average te:perature vill f all to the saturation te perature!
at the saf e:y valve set pressure., 'l:~this :~ ice, pricary and *

\,oj,va:c
secondary conditices are expec:cd to be appro>:ima:ely as follevs:

~.

Pri=arv S econdn v
,

Pressure 1800 psia ,950 psia

Te:perature 542 7 542 r ,
,

12ss 50334' lb: 0 lb:

Liquid Volume in Press. 400 f: N.A.

Time in:o Transient N 2 010. 4 2 ein.

..

e

. _ _ _ . _ _ _ _9500 04 18 _ _ _
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It i: conscivative to assure c:eplete boiling of the secondary side
vater and comple:e equilibrium be:veen prin: y and secondary sides, as

.

these assu:p:f ons lesd to the.caxieu: follow on inj e : ion of auxiliary
.

, f eedwater and therefore, naximum contraction. RCS pressure is held up.
by the stect bubble in the presseri:er.

The time has been estinated by calculating the necessary energy loss by
the pri=ary system fro: its initial conditions, the cass of auxilit:y
feedua:e: required to recove this energy and then dividing by the auxiliary
feeduate: flou ra c.

* -

(SS6 - 5'.2) 503341 . '
'

tim e .%_ (11oa-S) 353 62 .s 54 sec.-

Six seconds was used to es:ima:e the initial pressurization portion of
the transient.

In performing the remainder of the evaluation 10 f'eet of cooled (40 F).

auxiliary feedva:e is placed in each steam generator and the _th,ez Al
_eguJlibriu condi:ica calculated. Because af:er'a 10 foot level is
ob:ained this .* auxiliary f eedva:c: flev stops, this condition represen:s
the maximum contrac:ica possibic. The state variables resulting are:

,

S e cond a r'vPri:2:v
,

_
-

Pressure 560 psia 560 psia
,

478 F 478 TTe:perature
.

'

En:halpy of Vate: 462 3:u/lba 462 Stu/lb:
3 3

Specific Volune .020 f t /lb: .020 fc /lb:'

Tre: the spee .fic volume, the pri ary liquid volume can be calcular.ed:d
-

Vol = r,'. = 10052 f 3:

As 10052 is smaller than the RCS ninus pressuri:er volume, the re sining
vole =e rus: be filled with steam.

10426 - 10552 = 374 f:3; : 400 f:3V ,=

st

400 f:3 cc :e.= ponds to a sys:c void f: action of 3.E% 2 4%, and as vill
be shown la:er, is of no consequence as f ar as core hea:ing or sys:e
perf or ance is concerned. This stea: volume is larger 'than actually

expec:ed for rvo reasons: 1) so e te:perature dif f erence sould always
exis: between the primary and. seconde.:y sys:c=s, and 2) the effect of
core decay he:: has been ign::ed. Both of these would increase the
pri=ary side liquid te:pera:ure, thus increasing its volu e cnd reducing
the s:e:: voluze.

Tellowing this s:a:e of maximum centrac:icn. no fur:hcr heat is recoved
fro: the RCS vi: the secend: y sido until the RC3 rises in te=pera:ure
due to de::y hez:in;; this vill expand ;he liquid volume, compress the

and repressurice the F.C5. /.s no cass can be lost fr:: the second::y
s:ca:

.

95004019-
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syster prior to achieving SSO ps!c the first reheating s: age vill end a:
a primary systeg pressure, tempera:cre, and liquid volume of 9S0 psia,
542 T. 10S32 f: Subtrac:ing 10426 f:c: 10S32 shows that about 400 f:3

.

, . of fluid has been f orced back into :he pressurizar. Pressuricer f unction
vould then be resto:ed (if no: directly, then, by either the =akeup or
EFI system), the RCS subcooled and the transient ended. . .

*

Several questions exis: about the ::ansient:
.

and can that
I. How is the 400 f: dispersed within the pri:2:y sys:c:

volume collect in one loca:icn? T ce the ausiliary feedva:c flow
As th

-

rate, over 4 minutes a3e required to fill the generators.9S0 psia and the RCS has 400 f:gpressuricer has 400 f in it a:
in i: at etximum contraction, approxicately 2 minutes are used to
eject stean f rc the pressuri:er to :he RCS. Because this steam
vill be superhea:ed when 1: enters the RCS.it vill first desuperhet:
and then cendense at a rate governed by its expanding p cscure-

In the ti e ofto: pared to the contraction of the liquid coolant.
2 ninutes the reactor coolan: vill have made about 8 cc:plete
circles of the primary sys:c: and the stes: can be considered well
mixed. As the flow velocity in the RCS vill remain normal, abcut
25 ft/see, s:ca: water separa: ion vill tend not to occur. Sone

limited steam accumulation may occur in the upper head of the
reactor vessel as in that specific location of the RCS, velocity is
lov.

II. Hov vell vill the punps work? Experi:ents perforced on steam carry
over capability show that f or void f ractions up to 10% no loss of
pu:p capabili:y is observed. Ihis is docutanted in Tigure 5-47 of~

EA%-10104, "I'k''s ICCS Evaluation Report Uith Specific Applicction
to 177 FA Cices Plants With lover loop Arrangenent." Actually pu:p
capabili:y increases for the firs: 5% of void in::oduced into the.

sys:cm.

III. Will any return to pouer be encoun:ered becan;e of the lou RCS
te:perature? A return to power can occur for a non-bora,ted cora at
4907. This terperature includes the assu ption of the cost reactive
rod s:uch out of the core; if that rod vere taken as inser:ed the'

critical .:ceperature would f all to a: or below 400T. Although no

credi: vas taken f or EFI in calcula:ing the RC steam volume below
1600 psia, the EFI vill be inj ec:in; borated water and, therefore,
preven:ing any re: urn to power condition. If the primary sys:e.-

vere to stabiline at 1600 psia and thus preven; the E?! f:c providin;
boron the RCS te pera:ure would be at leas: 5117 and, therefore, no
re: urn to power would be expected.

IV. 'lill D53 be encoun:cred in the core? The2x1=un con:raction
condition is agein: _

.

? - 560 psia .
.

= *i --/s: -.
4

a = 4%, ;

95004020- .
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'

fir. C. R. Domeck .i * r . . . ,, D. J. Delacroix 2
~

. .

.. . . . -

I!uclear eroject Engineer . <
~ - .1 . . P. P. la as/.,c w'. . . - .

sol o c.o cdisen Company .

g ,.w w ,
E. C Novak/lc w'

-. -

Pcwer engineering & Construction {heCP,
h)J

f300 l'adisen Avenue ~--8/c//'3:.
'

Toledo, Ohio 43552 CM ,

"
. -* -

7 ) M 9 W C c~ . CW' H
''

Subject: Toledo Edison Company
f-

REPDRT 011 DEPRESSURIZATIQd EVENT d ' ": "~#
Davis-Sesse Unit 1

[' OFV d . 6. ^' - +
BLW Reference 11S5-14 7' f / ,. r

.-
t.

,

Dear tir. Domeck:
-

.

i } e r ' m .I.>c:.. .

..__.~

j !

By telecen of October 10, you have reRuested ELW input for a @pcFt ti:l!k't reca.rding:
zcs,

the depressuri:a: ion event of September 24. The I4RC exit interdE E65 dal.cd '.
in the foilewir.g areas in order to substantiate .the conclusior{ is .p@ro'7)Wi)gr,4 * :.Octcber 7 se- ari:ed the necessary content of the report. B &'. n dine .irite u;s

s o.ffT: -
i 1

Mdated October 5 and 7: -

_vv. s.' 9._. J' i
-

,

;; p:, : Sa c.f o. r~

e.i q A. Description of the event p~- , , :. tiu vin.,

~~ij ntc_ __ - f i .-

l I I
_j l~~is, p: [t) B. Evaluation of the reactor coolant components _s. c ., '

GLH'

'
| d

- ;._i-i
_ ,

y/@) C. Evaluation of RC pumps f':'.I__l_.M !
_I __L

*

. AS:

_c'i.)_]_I_! ' I I
.

j-3 [ .S D. Evaluation of the fuel
'

_e : . ' ._|__! _ ! I_. '

e
rn,

3 r..y .._i...: , u, ,

In order to expedite submittal of your report, we are sending Ssctions A,'C and D at ; p
--

.

this tiro, as agreed in our telecen of October Za. .
i

!!cvember 7, and we will try to improve on this date.We expect to <foi aard.Section E- by- ]
1,"

'

a.

t ; >. .ri;

Section A describes the sequence of events as reconstructed fr5m ccmpdter alarm pri::t.' 4

. .. .. .;

rc2ctimeter plots , and control rocm rec:rders ( Attachment !N.'l). We have attache-d d
cut,

certinen: recorder charts of T '

A') and reactimeter picts of RP,, inlet temperature, RCS ficw in e-ech locp, RC, RC pressure, pressurizer lejdi .(Attachacnts A2, is3 M7 res s ui'e ,ipressuricer level, and water level and outlet pressure of each etm genera cri m. Q- -ments A5 thrcu;h A13). '' ,

.

Section S will include evaluations' of stresses in the pressure boundary, the depressucit
transient, boiling the SG dry, ' jet impinsemen t. e S n fect uper. fatigw I

__

e
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Babcock &Wilcox October 28, 1977
EUT-15E9-

.
.

. _

to

Section C explains the evaluation which was performed to verify that there was no Yi
'

Tha M
significant damage to PC pump bearings, seals, or impellers (attachment C1).AttachmentC5"!transient as,it affected the pumps is sum..arized in Attechtent C2.
defines the instrumentation and operational checks applied to the pumps. The

-
,

results of the operatienal checks are tabulated in Attachment C4. .. . |
'

Section D evaluates the effect upon the core to determine (1) whether steam was
produced in the core (2) the maximum internal fuel rod pressure, and (3) whether
maximum lift force exceeded the limit (Attachment D.1). Reactimeter plots are
attached fer reference Attachments D.2 through D.S.

Very truly yours,-
,

A. H. La:ar*

Senior ProjecgManager

JAL/hj f A. Lauer
-

rojectNanager
Attachments .

.
-

eb

e

.
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.
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u
i
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.;.j
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4
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u
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Sequence of Events-
.

.

.

.

.

The even started a: time 21: 34:20 en Septenber 24, 1977. The plant was

in Mode 1 vi:h ?over (:L*T) = 263. .The turbine h:d been shutdown eatlic: in the '.-
evening to repair a leak in the ::in ste: line at an instrument connection -

be:veen the turbine s:ep valves and the high pressure turbine. A: this time.
~

a half trip ef the Steam and Teedvater Rup:ure Cen:rol Syste: (STRCS) was initiated ,

by en unknown cause. This trip shu: the star:up feedwater valve to #2 s:e : genere::: .

and s:cpped all feeduater to this genera:or (because of the leu power level the : tin
feedua:c: bleek valve was already shu:, isol: ting the main feedwa:er control valve).
The 1:w level clar vas reached in #2 sten: generator at 21:34:44. Before the ;g

cpe: ate: could identify and correc the problem, the low level in f2 steam genera:or
produced'a full ::1p of the STRCS. This trip shut the main stea isolation valves
and feedvater isolation valver in both steam generators (tice 21:35:15). STROS

also started both auxiliary f eedvater pu:ps. The number ene pump perfer ed as in-
tended, however, number two , auxiliary feedwa:er pump enly ca:e up to 2600 RPM, in-
sufficient to feed its stes: generator (f 2).

.

The loss of f eedwater, first to one and then bo:h stea: generators, caused an
increase in primary water temperature, which resulted in an increase in pressurizer
level and thus reacter coclant systen pressure. A: 2255 PSIG the pressuriner ele::ro-
natic relief valve received an epen signal. During the nex: 40 econds, it received
nice differen: epen and close signals. Af ter one of those signals the valve stuck

cpen. This provided a centinuous 2h" ven; path f:ce the pressurizer to the quench
tank. h* hen pressurizer icvel so: to 290", the eperater ::nually tripped the reacter

(:ine 21:36:07). Energy escaping frc the electromatic relief valve and three = sin
s ea: relief valves caused a rapid co ldevn and depressurization of the reactor eeelan:

syste:. Reat:c: c elen: sys:c: pressure drepped to 1600 ? SIC (time 21:37:17) ini:da:ing
the Safe y Tea:::es A::uation Syste (STAS). This started high pressure injection and
closed nutarous con:ainmen: isolation valves, including the quench tenh cooling lines.

With the ele.::certic relief valve still open and cooling water isolated to the
uench tank rupture disc rup:ured (time 21:40) relieving va:er/s:eaquench tank, the s

to the containment building. This discharge damaged a nearby ventilation duct, was
defle::cd eff this duct and directed on:o #2 steam genera:cr. The s:ca: tore off
appr:ximately a 10' high' x 20' circumferential se * 'en of insulatien f:c ' 02 s:ea:

C:h+-in.. aione ' sf e r .s ir.:.erae:icn d.ue -rh,e,,s:can generator was blas: d , , .
-The paint f c: the then exposed area oi :hgenerator.

phe ste: in the con::in .en t ~~ '.D,away. ,-

include :Vo fire alar:s (ene near RCP 2-2 and one near the pressuri:cr) and a single
channel EPS trip en high reactor building p: essure (4 PS1G). '

?
. 'T s%% .

o .. I 3

When the( 2in stead ~re/
~

lief valvep iescated the decrease in reac:cr eccl n: syste Al

:c:per::ure s:Opped' and the high pressure inj ection pumps s::::ed to raise pr:ssuri:cr 19
level. A: time 21:40:34 the operator stepped the high pressure injec ien pumps. (The a

,a
cpera:::s had been heavily involved before this time in regnining scci inje::ica flev p,
:o the reac:c: coolan: pumps. This flew had been stopped by :he SFAS :::ua:ica. 33 -

21.39: 40 :he appropriate STAS sign:1s had been everriden end ner nl fleus :: stored to

the seals ed the pumps) . Reac:o: coolan: sys:cm p:cssure cen:inued to dec ::sc un:il
s::ura: ice pressure was reached and ste:: be;an to f ern in the RCS ( ppro:.in::a tim:
21:42). This ::used en insurge of water into the pressurizer and p cssurize: level

v:n: cff sc le high at 320 inches. Durinc :his 1cvel increase the caerator, seei.:g
average re:::c coolan: systen tc=pera:ure and'pressuri:c icvel increasing, s:cpped

One :2::::: : 01:n: pg_p i each loop (:1:e 21 33:11).
.

.
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Duc :o dec casing pressure in f2 stes gener::cr, the Spr.CS syste:. c:ve a

:ev pressure' clock pc::i: signal 2: time 21:45:33. This aler:cd the opqater te'

the icw level and feed condi: ion of f2 steam gene a:cr. He blocked the icw pressure
,

::1p (:ize 21:49:3S), teok manuel control cf :he spe:d of 02 cuxiliary feedva:e
; ump cnd fed (2 genc~ra:or (time 21:50). .The operator s:.. the rapid additien of . _

:old feedva:er d:cpping the reac:cr coolan: system tc perature end s:cpped the L -.
!;.' ?

fecdvater additien to this generator.
-.

. . .

At approx 3 c:ely 21:55 the operator shu: the block valve for :he ele:::::a:ic ,

:: lief valve en the pressuri:er and s:epped the venting of :he reac er ceolant syste: .

:o the quench :tnk. A: 22:05 pressuri:c: level came back on scale. A: 22:15 :he
Operator s:ar:ed a second takeup pu:p to try and stop the pressurizer level dec ca:e.
This aedi:ional cold va:e: s:arted the reacter coolt.n: syste en a sicu decreasing ;-d

te:pera:u,re ::ensien:. A: 22:17 pressuri:e: level reached the 10w level interloch
and cc: eff the pressuri:c: hes:ers. At 22:23 the opera:c star:cd a high pressure
injectien pu p : :ry and stop the decreasing pressurizer level.

The+1 vc' c ' p: essure in C2 stee: genera::: again decreased :: the peint where.

the STRCS gave a lev pressure block perti: signal. The cpera:c: again blocked the
trip and, throu;h canual speed centrol of its auxiliary feedwater pump, restored
level and p: essure in 02 s:can generater (: ire 22.25). .

With pressuri:e: level vell en its way to rc:evering,the opera:or stopped the
high pressure inje::icn pump (time 22:27: 44). A: tire 22:31 he res:cred RC cakeup
dlow to ner:21. This stepped the slow decreasing RC tempera:ure transien: star:ei
at tire 22:15. All plant parace:ers were new fully under cent:01 and the plan: vas
brought to a s:ead;. s:a:e c nditi:n and a ter:21 plant cecido.en s:ar:ed..
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As a result of the Septa-Aer 2*e
abnormal system transie"-'' +*"'. reactor .coolan''

-"~

pumps expe rie",-,- s 5, conditions o"' lines <- "- .

A..f"as,._,35tra te tnat there was no serio[s d''"aS
" 'D In orc'er to5'* " '

.

ecks were performed ae .+1ined in n.tt2*' on'' C J.'he pumps, a ceries c. eperational
.

.O ',
' e* - -

-- -

epara'*ioUBI Checks are describeg jn 4;;ae{,{;nt C
,

_he results of the jt**

@ tectable data;e has occurred *'o !L$ ,{Bt1 F.al checks and concluded that no1 h'as reviewed the results : 4 .

''ca
s '"' E *".; comp on en ts . EM! finds tha
we serviceable for sustaine[ ful1 cperational conditions

s --

withno{cEjda.
"

requirement for caintenance s
''

#

It should be notad +5 +
ebserved durino the i.fitfa

Pi
{od pressure checkout runs-rease in vertical vibration of 2-2? "' '' ' 'iater esseeses's-- -- wo y, s p u ri o us i ns t r"~.n. n oi s e a s a res ul +' o'''his indication we'e

'
'

i

an instrument lin,ier^$,i1p" pi _f"'2p*g[' r[{,as '*ig tened, verti cal )ffra'fokseEafned.

--a<. .
' ' # Cless than one qua'r g , .

t

.
.

.

.

.
.

m

,
&

;

.
.

,-

i,

:
.

.

-

>
-.

-

.

/ 95004038
__ ,



. .. .

W

ATTAttc'. NT C,2
,

/ .

- .
.

RC PUMPS

SEPTEM3ER 24 TFANSIENT 0.D3-1 '

,

-

All fcur R:
pumps were subjected to the foliewing: .

-

0:00 Reacter trip
1:10 SFAS trip *

1:12
Seal return valves shut for 1:151:13
Seal injection valves shut for 1:52

all four pumps operated fer 1:15 with no seal
'..

de-pressurizationinjection and no seal return flew during an RCS
--

'

2:2S
-

Seal return valves open3:05 Seal jnjecticn valves open
,

N 6:00 Ste,am formation i .

pressure escillatin; near P36:07
.

Total seal injection flow icw alar $ 'tS. fer s30 to 45 minutes *

Pump 1-1: . c

7:04 Pump tripped
7: 45 Shaft stepped '

35:07
About one minute of icw seal injection flow (near 2 gpm)

fic'.l imbalance starved seal injection35:30
Seal return valve shut1:12:55

1:17:07 Stencpipe lavel high
Standpipe level normal

Pump 2-2:
.

4:20 High vibration
7:04 Pump tripped

,

25:07
Lost seal injection for about cne minute35:22
Seal return valve shut for about 40 seconds

.

. .

e

.
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.

., ._ 4e..... e. o,jgyj,,7. c . . . * ' ~. ~. . ~ 1 ch e '..*. v. 4 '. \.> ~. -~.m.a.. c<.' '.o t.......c. .er . . . - . .u- ~ . . .r....... ... , 3
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. . . . . .s . . .
. . . . . . .. _ . . , . . .. . . . . . .

g e d.s. T.4 .. e, C , < * * O .# *t.~,'..* V . '. .'. D '' *y * * *' O '".". . *. 3' .# * ' * * #.' C $ C' ",. ' #. * O p* .' .'* .* *.' 4. C ''. L' '.#
..o . . . .. ... . . . . .

.. . . . .
'y~.~.*~~.....^. '. ~. .L' o ' ~.

'

c '. ~. ~ .'. .'- '.. ' 1 1 * ~.s . v. . . . . c . c . . c;'. *. t'. '. .~ ~. .~.1 . .'e . ,a. . 4. e.),. .. . g . 4. . .., .
. . . . . ... .., . .o e .e,.a -

.s . . s. ._. p ,-4 3 3. s. e . . e 4. ,u.. . < e . . u.. 7 c. E ,..,.. o.. . ..a .r. ... ... . . .- . .. .
2..... . . . ... , . . y .. .. ...
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(.mn.,) . ...... , ....a.c.e. ., a .m c e.4 g a o g. . . * c ~ s . e ... e." .. . ' '. *. . *. n. 1'. w' '. s.. .. . . .. . . . .

f.. ..c .... . . . .

es ayn.4..,u > 4.. . s. 4. ,4 , .e n. ,. .a .. e . ..
.

. . . . ;. . .

a:.

C9ere.tiend sequence vill be as fo11cv : T

,..2.e e e a. .,...p s. ~.s o'..'c.a. b h e'. ' . ' . - - . . . . - s c '." a..e,s
.,. . . . . , s. 3. ,.s.3 A.4. c. s . . ... . ., . , . ...

L... . C. . O L.. . . . e ~& g o ~._ , s. s , n s.L+w.. ...p.e v.411 se ,2.es.d.* 'o da'.c~..- . .

. . . . . . . . . . . . . . . . .. . .

c.ny u .usuz.1 e:htnicci nc*ises in sed housins e. ret. (Tnis hs.s been natis.
facterily ec:;1eted en 10/3/77).

2. Mode 5 testing 225 psig.
-

..

2 .1 Instru:entation R.: quired . see e.ttached (1A).

2 . 2 . C.. ..f .'. e . '., < . t -- '*
..

t..,.<.A...*.. . . sa: g s e c < L. s. . 4..e.ya .co. .. . 4 ,g e., 3 *'t. gyg.4 13 ge o A,3
. . . .-. . . .-..g.. p .

.

.

p ~e v. a, . a. ,. . a _4. , .s...,3.1 o e cx,.e.e.a. -

. . .. .. .. .. e .

15 . 4.v. s ,c a. + o ,y.. ~.;. . e u.~, .r . s . . + 4. . .. ._. .. . a. . ... .- .

3. Tetd stedpipe leeltge (upper sed lerlege) plus sed retu n should
s c .. e d <.a. , +.'. ..s ,es*. * '. i s m' d .-d *.

** ey o , ,, x. . . ' O. 6 57... . ' . ' , #'.., *** .. .
. .. . - . . . . .

pc.=sibi'ity exists cf c cpen sed. In no etse vill .ctd ser1 .

a... s. 4 ,. .., 3.4.a . 4. ., CX.ee. a,- -

leL.C . be E.n ..e. .., 0.. ew,.4 l. 5 67 . r .ce -. . .. . . .
3 . .a .. .w
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... c... .. . . g v. ga *.s . .%. g..4
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... . .
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3.3 g. . 4 3 .g. r93 C*.g. e, .. 3 p.e. ... . .$. 4 :3. 3 6 . . ,
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,,1
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L

2.h s e e.r. . .. e e ' C, . . '.'.4. .. . . g<g
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. . . .

.
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.'.;A. Se,n.e s4.C.nA 4.. .e.i.n sk.* ..:.g.
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> an
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C '. *. P *. E'.' M *. Q " .C N '. N !*. P.'.".D C '' t , ; g ,. , .q. p, m ) ;, .,Q ., ,. .,,1 ;, .,, . , py g, , ,, . , y...
,

.

. .'
* . . ,

_ _ . - - . . . . . . _ . .. . _ _ . . . ._



. . , . . . . . i I'-
i . . ..

I.i
.. . /*-

. - . "p. ,

;un -e. :.p rer tw o ( 2 ) ; .inu t';; u .3 et: e.y c'.: c v e i: .i t:, :.re er.c c c ce c.'
. .

.s ..
/

/ c. At td.en vill be un:c:..ed by DrJ :;.nc U.J repre c.t:,tivn:,,
'

.

c, . c . 4. .t , . . . .. p :. . . . %-1i. . eo,.,,..._...,..,......,...
-

3
. 2.... . ..r . - ,, . . ,u < . .: . . ,..~......-.#.4.,. ( .r ).e .. . . . . . . . . . . . . . . . . . s. .. . .

< . . . . c. , . o a,. , . . . s, t. . 4. ., ..
,,.,,<... ..., , . . . . . ,
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. , ,7,. a.re r.t dis e r ap t. ser.1 ::vity presr.:. es en 1-1 tai 1-2 was che:hed, . , 3 . 07 c:

-c. -n *jy- s.. 4... ,s4..
*' *J -"*"'---"o :...i... ..- *~ ~ cg.....~''~ g. .s~ e . . . . . . . . . . . g . . e . . e *. .~ t'~~~~~ ~~ '~~~~~ ** *".*g.c.:ces rett as fell:.s ;

-

.

3 .3 .4.. i

1
_m 'v . g > . . . a. . y

. ,
.. .u. ..

3, s .t a c . a. . . ..
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001 CORE.

ANALYSIS OF SEPTEIGER 24 DEPRE55URI2ATIO.y E'/ENT,

2t depressuri:atien event at Cavis-Cesse 1.A more detailed analysis was done to assess core thermal :enditiens du im
r ng the Septembt'

deterr.ine if steam was produ:ed in the core, (2) determine the maximum i tCere conditiens were analyzed to (1);

r:d pressure during the transient, and (3) determine if maximum lif t fcrce e
..

n ernal fuel '

the lir.it. -

xceeded '.

I' ; )
CORE COOLANT CONDITIONS

.

s

Attachmen't D.2 shows transient theral : nditions as monitered by the reacti
The system pressure is measured at the pressure tcp, which is approximately 55 freter.above the t:p of the core.

50 psi higher than the teasured pressure because of unrecovercble and elevatiThe RC pressure at the top of the core is approximately
eet

pressure icsses.

is slightly higher than the niinimum saturatien temperature (based upon measuredAs shown in Attachment D.5, the predicted core coolant temperature
en

pressure), heuever, there is scme untertainty in both the measurement and thepredictien, therefore
in water) could have o,ccurred within the cere.it is p;ssible that scme vapor bubble formatien (steam bubbles
data (attachment D.4) indicates the the R;5 pressure level was near the satan examination of the reactimeter
pressure for less than one hour and that during this time period the pressure oscill t duratienwith a variaticn of e 50 psi.

Therefore, the maximum time period during which theae
core could have been~ subjected to bubbly flew was less thtA ene hour
f.ifteen-min'tes af ter raattor-trip the c clant temperature dr App rod ma tely---7~-
es tim.ned satura-icrt

.

- c::urred-fcc-no-c:-na-.terperature, therefore, the bubbly flow, pped belo.t the minir:vs -
'

tha r -te r--mri re.J t es . i f i t exi s t e d a t -al l , C---
fr:m a het surface.the formation would be in'the liquid es well as on the surfaceIf bubbles were formed curing this period,

t

significant effe:t On the components would be predicted.With the temperatures, time curation, and type of formation, as opposed to formation, no

.

FUEL ROD PRESSURE

Frior to the depressuri:ati n event the reactor had been operating at 15%
,

t:;r:ximately one week.

The core burnup was 1 EFFD, therefore no signficant fission gasIm. mediately prier to reactor trip the po,zer level was 91, of
-

p:wer forrated pt..er.
m

pr: duction had c: curred and none was released. j
T.he.maxicum-ini ti al b a ck fill pres s ur,e ,-- > i i

..:: 3 t s a.te l w a s,-., n- psia..at. n-r. During tg..e :3
c

'~.5
pressure was e,stimated to vary fr:m 903 tg 1000 psia at the top of th

.
m .

.

. minute time peric, i n u.u,1 :n th e i n di c a tt ,
..

. . g

tvera;e ccolant tem;erature was less than 540 F and no significant heate core the L.I:::urred in the fuel. An initial evclunien generation

" the :ladding based upon a maximum pressure (differential acr:ss the cleddin;w:.ie:grce7 had predicred tensile s tresses
,t

3jT.0 :si.
This evaluation had been based u;0n a COL TAFY analysis with an arbitr> jcf 200 to i

iafety f at Or addst to ensure that actual ::ncitions would be bounced by the credi::icn
' el r:d prissure cf iCOD psia..:ra re:ent analysis,'again using IAFY, has resulted in a predicted =*ximum inter ~al.
-

~~oer c:nditiens at a coolant average temperature of 57F.This anclysis :ensidered as-built f;ei;r0:erties and
.

.::, near zer:
'

On th
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/ sis of this Intlysis it is concluded that the fuel red claddin:s sets not subje:ted to
eny signifi: tnt level of tensile stress durir; the subje:t cepreisuri:sti;n event.

Since the cladding stas not sur.jected to a large, icn; term tensile stress, no significenticng tem effe:ts on the cladding resulted. The tensile strestes which could have
'short duratica cf the tensile stress,c::Urred WOuld have little effect en tne cladding due to the setil stress level and the

.

.

. CORS Lir7.

Assuming a cociant temperature of 537 F and 150 X 106 lb/ min system f~ low (per
Attachments D,5 and D.5) the net lift torce will be less than 375 lb. The maximum

'

allcwable lif t force is 472,1b., therefore fuel assembly lif t-off :: r. ; t ; . M-W,
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