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Zion Station Unit i;o. 1
-

On February 25, 1982 while preparing for tube inspection of the steam
generators in Zion Unit No.1, station personnel discovered pieces of
a hinge, one about 24 inches long and 2 inches :de, in the plenum area
(primary side) of the 18 steam generator. Oth.. smaller pieces were
discovered in the ID steam generator. The hin;e is believed to be part
of a tube nozzle cover which blocked the nozzles during the previous
steam generator inspection. These covers are made of aluminum which
chemically dissolved since the last refueling leaving only the hinges.
During the "pril 1981 startup of Unit 1, a loose parts monitor alarm
was received on steam generator 10 but later stopped. The licensee
evaluated the loose parts monitoring signals and determined that they
did not represent a problem for continued operation. 'n'e have also been
infonned that the loop "D" low flow trips had been set nonconservatively
for the period April 10 thru May 9,1981 potentially due to the flow
blockage on the pricacy_ side of the steam ganarator.

The licensee is developing plans to further investigate the presence of
foreign objects in the primary cooling system. Region III is following
the investigation.

,

David Wiggi , ProjeZianager
Operating Reactors Branch No. 1
Divisi n f Licensingn8501300640 840809,

PDR FOIA
SHOLLYB4-243 PDR
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ficn Station Unit ;o. 1
.

On February 25, 1982 while preparing for tube inspection of the steam
. generators in Zion Unit No.1, station personnel discovered pieces of
a hinge, one about 24 inches long and 2 inches wide, in the. plenum area
(primary side) of the IB steam generator. Other smaller pieces were
discovered in the 10 steam generator. The hinge is believed to be part
of a tube nozzle cover which blocked the nozzles during the previous
steam generator inspection. These covers are made of aluminum which
chemically dissolved since the last refueling leaving only the hinges.
During the April 1981 startup of Unit 1, a -loose parts monitor alarm
was received on steam generator ID but later stopped. The licensee
evaluated the loose parts monitoring signals and determined that they

- did not ~ represent a problem for continued operation. We have also been' informed that the loop "D" low flow trips had been set nonconservatively -

for the period April 10 thru May 9,1981 potentially due to the flow
blockage on the primary side of the steam generator.

The licensee is developing plans to further investigate the presence of
foreign objects in the primary cooling system. Region III is following
the investigation.

f

h.

David Wiggi . Proje7 Manager
Operating Reactors Branch No. 1
Division of Licensing
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;!! Following the TMIincident, Commonwealth Edison, as one of the utilities

%j.
''

that went beyond what was needed to respond to the NRC, and will have
singled out for "near-in-site" studies, developed a comprehensive study

-

h ongoing uses for the results for training and future design evaluations
,

Ed
~

.

;
_. .

By GEORGE T. KloPP, Commonwealth Edisone
.T ;i

%@'
, The closing half of the year 1979 saw an 1. To provide an up-to-date assessment much to the basic work done in the Reac-

intense flurry of activity on the part of the of the public risk associated with the for Safety Study (WASH-1400) and
7- U.S. Nuclear Regulatory Commission operation of Zion Station as currently much to the responsible criticism of that

' (NRC) in response to the Three Mile constituted and operated. work by the Lewis Cornmittee. However,e

gj|. Island (TMI) incident. Active licensing 2. To identify the dominant contributors the Zion Study extends the scope ana
' .f projects were shut down whife regulatory to that risk. depth of its risk analyses beyond WASH-

.. 7 { staff members became involved with a 3. To develop and evaluate mitigating 1400 and represents a significant ad-.D i ! major review and augmentation of exist- features based on the physical parame- vance in the state of the art in risk$ ng regu!ations. Atmost lost in the sea of ters associated with the dominant .isk assessment of nuciear power plants. S;g-
' *

.JT buffetins and orders, a small group of util- contributors. nificant advances have been made in the
,

y j ities were further smitten with "near-in-
y site,* study recuirements. The NRC staff As completed the Zion Study goes far analyses of plant systems and site con-

.

,

4 developed the idea that this select group beyW W rnight be needed to re- geces. Major breakthroughs have
'

s and to the NRC More will be said tater made in me areas of contasent
,

.[ of plants, including Commonwealth Edi- analyses aM h a%ses d hpodant
son s Zion Station, might represent an about the future uses of this study,-

y extemal events. The final report on then a

y undue share of reactor risk as a result of n ws sts of nearly 6000

j site area demography.- Study scope and concept
The Zion Probabdistic Safety Study owes pages of materialin ten volumes.

@j | son was asked to acectrplish three tasks Study is probabilistic risk ana!ysis or
;I In December 1979, Commonwealth Edi- The basic tool used to structure the Zion

g i relative to Zion Station: PRA. FRA has enjoyed' a widespreadf

9
.

: 1. Evaluate the feasibility of installing WF#WMAM@.. application in the defense and aerospace
.N1 t'ew features to mitigate the effects of full kI J/, "

U stries fw some be. As noted be-'~~
,

,

3 L cor meltdowns,irrespectiveof theirlike- d y
,

p ,

, he s ag e Am
.

% 2. Evaluate ether rneasures that might hB 6@Cb +Iq. y WASH-1400. Since then, the continuedM
,$J o use of PRA in this application has been
! | reduce the likelihood of such meltdown 0

Y..We .. W.. a.N mk.: J@ endorsed by various industry and regula-
$

F M .:.

N
Nc:~ENNh .: y tory leaders and by the President's Com-

M .

3 E aluate interim measures to reduce,

pr.%- M J
,,,,,,p g.q.

1 mission on the Accident at TMI (Kemenyg pub!ic risk pend.ing the outcome of the ,

ey Cmmio44.*,

first two tasks m'M ,
~

'

Cvir ncc. Edison was given 60 aMsk nsk assessment is an W,"
days to respond and was asked to have

- tenseh MM appmed to webab
.

* I* " " * " " * * I* *P *y th constmchns. Dedesigns for core ladies and filtered
I "" , itseN mqums esmful M
f,'on. A typical dict.onary definition reads

vented contamment systems, as a minh
.

rnum, evaluated in that time. At the end of
the 60< lay period, Cw.Azith EdF Figure 2. Secx nd levst risk curves. each of eye to h chame d W w

io s. Two key concepts are explici
this definition. They are the , chance ,t inson was able to produce a limited scope wNch has a probat$ty, or confklence level

assessment of the Zion Station risk ***'oned. or
which showed that risk to be far lower ood and me "W w %sv w
than originally perceived. It also gener- M.! U. __

j volves both of these concepts and seeks

.~ ~. damage. The PRA concept of risk in-
d ated a great deal of information that N% . %M'h,pgI clearfy demonstrated the need for sub- 7" 'g to quantitatively establish the relationshrpkt d''

A g between likefihood and damage. In aI stantialty rnere work before any firm
results coufd surface. k D ~ [% * g

o

T society of any type people tend to work

The Zion Probabilistic Safety Study rep- -#3 A * .g' r -t.? ''6
towards some perceived level of risk.c , y, r ;
which is acceptable in terms of definedI -

resents that add;tional work and provides D y au. ih standards, intuitive judgment, or morey . p^ g ggf'!h | a clear answer to the NRC staff. As the u- common'y, facit societal acceptance.
S {- study concept matured, early in the pro- d"

PRA now offers the tools to more explic-
g , cess, three basic purposes were estab- Osmere it!y define risk, at least w:No so e

fished. They were: defined scope, and allows more informed

50
rowam mometanosmu4av sees

- -- -
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Figure 3. A farnily of curves showw1g the risks of earty fatarities is generated
F rrom the anv.s or res. 2.

-
,

%.*.

Judgments to be rhade relative to various Therefore, to be honest, we must charac- reviewof theserevealedthattheycouldbe .

:. - risks. terize our uncertainty at each step in a grouped into 13 categories of initiating
d PRA and portray the combined uncertain- events. Each was used to start a separate

it With this background, we can proceed to ty in our results. This leads to a family of eventtree.Thelikelihoodof eachof these
r, . exarrune the specifics of the Zion Study in , curves as shown in Figure 2 wherein irutiating event categories was derived

d more detail. As with any PRA structure,it each curve has a probability, or confi- from the generic data base and modifW.

I- is centered around three basic ques .' dence level, assigned. where appropriate, by Zion specific data

I* " " *- "* "9 'Y"* #8 *
Deriving such curves for Zion Station

k 1. What can go wrong? *@ "" *

responds to the first of our three pur-
2. How likely is it that this will happen?.. p ses, the establishment of a basic nsk The event tree and fault tree construction

..

*

s 3. If it happens what are the conse- assessment. The second purpose. idenh- treated human error, ccmmon cause fail ._
" quences? fication of dominant contnbuters to risk, ures and system dependencies using,

e The answers to these questions can be fa!!s directty out of this work. The third state of the art techniques. A new ap-
4

,

.i listed in an orderly manner as shown in purpose, the development and assess- proach was taken relative to electric
.t Table 1: ment of mitigating features, requires ad- power avaliability. Each of the 13 event
* ,

d.fional work. In a broad sense then, the trees was quantified for each of the eightScenario LAelihood Consequences-

'I Zion Study involved 'six major work possible states of efectric power avail--} 3, . g,, y,
7,- 3 q g ability. This quantification involved theareas:

8
3 1. Pfant systems and equipment analy- development of a component level data, , ,

7. ses- base using the technique describedr . . .

j .| 2. Ccntainment analyses. above f or initiating events. The resu!! was
*

3*~, 3. Site consequences analyses, a mass of possible event tree end point3 ;

*/ - 4. Extemal events analyses. frequencies. Nearty 10,000 such values.

i ; The scenarios are descr ptions of situa- 5. Risk integration and evaluat;on. were derived, each representing a poten-
3 z tions defined in response to the first of 6. Mitigating features assessment. tial core melt sequence. As with the ini-
J ~{ the three questions. The likelihood and tiating events, it proved possible to col-

an s st " '"
3 consequences are responses to the sec, lapse this mass of information into cate--

a a has t a c purposes.| ,, ond and thud questions respectively. It is First of all, it identifies and defines those gories. In this case, 21 plant event.

p simple, given the responses, to arrange scenarios a sequences d events which sequence categories were employed,.

the scenarios in order of increasing so-
could fead to core melt conditions. Sec- each of which represents a unique set of,

venty of censequences. Also, it is possi- ondly, it develops the quanMication d charactenstics in terms of core melt pro-
ble to assign to each scenario the cumu- the likelihood of each such scenario, and gression, mass and energy release to the

[ -. lative likelihood of all subsequent scenar- it groups sirrular such events into plant centainment, and containment active
-

7 at me bottwn of me tah event states with collected likelihoods. safeguards status.
8 .- This aNows one to assess the likelihood Drawing on the basic event tree and fault Mathematically, the initiating event fro-3 d queAing a % cmsequence*

tree tN developed in WASH- quencies were found to resemble a 13-s 4, X, as the sum of L,+L,+. .1,,. This M, and m pmgrams like the NRC's (.vi4KE-61 row vector. Sirrularty, ther ,- . frequency d em'' format re-
Integrated RehabHity Evaluaum Pmgram plant event sequence categories could1 .K suits in a first level risk aarve as shown in (IREP), we were able to structure a be characterized as a 13 by 21 metrix.f Y Figure 1. This curve is simaar to that por- senes d logc, models Ga Statim. This representation was found invaluabler 7 trayed in WASH 1400.
Each such model represents a myriad of later in the study..

.,
.

3 Careful consideration of the comments possible plant responses to a particular
3 on WASH-1400, particularfy those of the type of initiating events. Our search for a Containment analyses
i

1.ewis Committee, and of the nature of comprehensive list of initiating events, or The work in this area represents a r .ajor
g any such study reveals that a single plant perturbations, took us to Final Safe- advancement over that done in any previ-
; curve does not represent risk adequate- ty Analysis Report (FSAR), generic op- ous study, including WASH 1400. The$

: ly. The basis for this conclusion stems erating experience data and Zion specific Zion Study inc!uded a great deal of origi.
, from the signkant uncertainties inherent operating experience in addition, both nal work and scme specific experiment.**

in the quantified relationships defined by pure brainstorming and a master logic programs aimed at understanding spec;t-
,

. any cuch curve. The state of knowledge diagram were used to assist in making a Ic phenomena related to a variety of core
and the data available for any such PRA list comprehensive. The resuff was a list melt events. It was found that these rec.,

g do not perr .it exactly def.ned results. of nearly 60 possible events. A careful nomena were, in many cases, very ser.:
r,e

q. M 6MMAANf 1M OI

,,e h
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SAFETY STUDY
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hFI U cn$n' I

$E$ $_k W D _.[ 5,_T.._ .m
..y;~ : ki.3% rh=: i;i. Q it pgg**j

*
~'*

u wre m erorvam % 4 eu.. e
a gatetive to the sequence being considered. It the reactor vessel has failed. Second, for -p Wjmor .rmn'c y

was found that the study's experimental over 99% of the ceremelts considered, @ ^p~ _T7.' d* I50s1 4 7. *;[ '"f8.-

results, the results of other U.S. experi- no containment failure is predicted. t "W * xM b i.1:i" o

Mg .c !. h 4
E . ].~'.I. Wypmonts and the results of foreign experi- 'g. .

hy(YO .ments muld be correlated by analytical The last area.iswolved the collapse of the C ' ~

t *?@ A %. d" h ?modele. Some of the areas considered sequences in 'his event tree into release :
%W ~4 - 46 MN,

were steem explosions, reactor vessel categories. Basicall'y, the WASH-1400 y ; g .8-

M _.3,i,
. pfailure modes, hAvw generation and source terms were employed in this -' ,.

f . , , , . ' ,
.

; h ,g.igration, steem spiking, and debris bed study. Eleven release categories were /g
cooing. employed which resulted in a 21 by 11 e . ' roa 90s yyj (*C ' .90*-

.,

matnx representaden, ya 7, , 7, &, ,,, ;

were used as inputs to and verification % .M V pp.W p,' '
3

,

These phenomenological Investigations
Q@

g j w ,g aSite consequence analyses 4
checks on a major program of contain- The work in this area employed an ;g j ,

. . f. ,

'

33
. f-3ment transient analyses. These analyses updated version of the WASH.1400 gigz. ,Jy. : =3 m

wera run with "best estimate" analytical CRAC code. The update included provi- .g p -, j 4.~tton ros' 4 !--E f. gy,

,.

models and with a variety of other mod-
-

sions for varying plume d.rection over jg - gg g ;y
els as weff to provide a spectrum of time and and for varying the direction of _ .;

- ,g .ggr;sults. Furthermore, a major effort was
7N2 i . , , I Q .f IC

,

' _evamadon to accowit for kal kanspw"

$A , g % g g. - ' g; g g g g
made to vary input parameters to all tation networks. Basically, the work in-

.

pp g -

;; y.g
these medals to provide sensitivity stud- volved an elaberate computer model, : ( ,les yield |ng an even wider spectrum of usbg he fa2 sWatan to relate . ~.QQ g_ j r a
resu!!s. The results were all compared to each re8 ease category to me We,ccd of ,

,u ,,,m

an ultimate centainment capability having varying degrees of damage. Damage ;
a best estimate value of 149 psia. This war measured using five health effects,
v"fue was derived from a reafistic f! nite

,

foremcst of w was earh fata%es.Cement containment analysis which in- Risk integration
Five separate matrices were deve!cped, Risk integration essentially took the formc!uded consideration of penetrations and
one for each health effect.gg of a matrix multiplication cperation. It led,

conceptu2''/, to a tab'c stilar to Tab!e 1
Thus far, the work was deterministic in [,aatt ent of extemal events in the but one in which the d:screte values were

replaced by distnbutions to include un-nature. Converting this massive amount Zion Study involved censideration of certainty. One such table can be derivedof technicalinformation into a probab;hs- se!smic events, fires, floods, tomadoes, for each health effect in principle. In reali-tic format was a unique challenge. The aircraft crr.shes and other similar events. ty, arves of me fmn of Figwe 2 weremethod used was an event tree. As many Scoping considerations showed that only generated and prasented as results. Fig-of the issues in containment response did seismic events and fires warranted ex- ure 3 is a sampfe cf these results show-not involve system behador, the nodal tensive treatment. Fires in turn were ing the early fatalities curves. The curvesquesnons in this event tree tended to shown to have an insignificant impact on are read by selecting a damage level and j
,i

involve the various phenomena and con- risk at Zion. Seismic events were not reading up to the confidence level of ,eWnment success w faHwe resW easily dismissed and the analysis tech- interest, then left to the frequency of" ****PI*'0"* 9"**U "
would read ''Does hydrog'en bum at this nique is of interest. Basically, the analy- exceedance. In English, we can say, for -

Med an amM of N e-.

example, To are M conMent mat
,

point?'' The next question would be micity of the site, including uncertainty the frequency with which an event will
,

e og presswo exped me an assessment of the fragility of plant
occw at Zlon mat wm cause 100 ea@containnunt cepe%T h queahs structures and components under vari, fatalities is no greater that about 4 x 10**were errenged in approximate chronolog- acceWa induq m- per reactw year of operaum.* * ***#""8*** certainty, and the formutation of Boolean in assessing the risk, one of the tasks istainment response. The 19 nodal ques- expressions for coremelt scenarios and to identify the dominant contnbutors totions were quantified by reference back release categories given failure of struc- that risk. In the case of Zion, three eventsO e phenanenologd wak and me tures and systems. Then, using probabil-
out of the tens of thousands consideredtransient analyses. Uncertainty was istic arithmetic, the seismicity and fragili, dominate risk. In decreasing order ofbased on assessments of these samp ties were combined through the Boolean
importance they are:areas including the variations in analyt - logic to arrive at frequencios for various ,

cal modefs and sensitivity studies. release categories including uncertainty. 1 Seism dcwemd.
Two key fac >rs came to light. First of all, This data cou!d then be factored directlya

| for the vast ma;ority of coremeft cases. a into the work described previously by 2. The double rupture failure of the disks

coolable debris bed is formed even after rnodifying the matrices as appropriate. on two, series, motoeoperated, normally
.

{ MN MANANv M$
f
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;ci newjeenirostaanitivi
,erz;., y firJieesectsutcorumens,3,h,,9s3,her(todoof 7 containment building. Such a failure is not Beyond this obvious set of responsive

h'h ih expected to occur for at least 12 to 14 conclusions to the originat NRC interest ,
'

VNar$'r/$M4j'i.G.@N.{.i-

- jdCg hours after the event. the Zion study can provide Common-1e p '

M g Sy^ . x:s |:- -|. a **** e an o@g resmeav amar me ' g-_ An additional perspective on the Zion risk.g
-

for trattung, evaluating plant modifica-..
-.' . . . .

.- ,y .gtn eme = ,n.,s ; can be obta.ined by superimposing the~

tions, evaluating changes in technical* - I f 1- WASH-1400 risk curve and the original
N bge< spe a s, a wa a es gns W.99- . Ziaa 805. ~. NRC perception of Zion on the results~

3
" N '''' .I shown earlier for early fatalities. Figure 4 future pfants. Future uses of the study

J' I 5:$ . .~ h i!!ustrates this perspective. Note that the are currenW Wer scmte Howw,
-

E #
\ Zion 50% curve, labelled 0.5, is com- "*" "***# Edison has gained a

kgs[ /| \ parable to these other two 50% curves. much deeper insight into Zicn Station asj *. .

'.'
~

g a result of th:s study. Th:s afone has
3"Q-76

'

. d-f,y ~
-*--------% Mitigating features prompted consideration cf sWar stud:es'

- N As requested by the NRC, a detaiied on ether Edison nuc! ear p! ants.
[J,,,.1 - u gg

i

U b"h \ evaluation of new features to mitigate the'
p. y,, g ,

pg.d / e'fects of core me!ts was made. The Zion-

g g g
.g Mi *[.4 g Study carefully considered the following:.Cv. , . evaluating extremely rare events. We,, ,,

g. W- .*-g -+-w d-- M- 1, Core lad'es to retain the molten debris have shown that to be the case. Howev-
*ry i after reactor vessel failure thereby pre- er, the tilegree of e" ort expended and the

$, N.,pOOO venting failure of the concrete basemat. fact that we discuss such events tends tog g{ $ d y @q*g d,Ists1! recs 3 u ;Q 00,
'

e y.,:q.-m 1E have a reverse impact. There are those#2.G,0.G.'' i C,qnc 2. Filtered vented containment systems
?w /

&M 4 who, seeing the subjects addressed ir
g to filter and release post-melt centain-

print, automatically ignore any perspec-
.. ment steam and gases thereby prevent- tive effered and eievate these rare, ;. ing an over pressure fai!ure of the c6n-

events consciously or otherwise,into the

clnsed gate valves betwnen the Reactor reakn of eWay hap #ngs. Es is

ff; Coolant System and the Posidual Heat 3. A mod 3 cation to the existing riiesel g[*t
"

g og
b e i

J{. ' 'semoval System.
driven centainment spray system to per-ble I hoped that the detail and candor in the
form the same function as the filteredwg, Zion study and the perspectives offered

$ 3. The total loss of all onsite and offsite vent without any releases., un-
electric power coincident with the failure w11 overcome this tendency for the ma-

.$ of the turbine. driven auxiliary feedwater4. Hydrogen c,ontrol systems. jority of readers. ENDrived
.eali- 3
,ere g pump train and the inability to operate the Using the PRA tools described earfier,
p;g, m. diesel driven containment spray pump the effect of each of these features,

g trairn, except hydrogen control, was evaluated.,,
,

fy , g. The core ladle was found to offer no per-
and s'e.. The design of Zion Station included provi- ceptible risk reduction due largely to the

'f sions to allow the plant to withstand seis- existence of effective debris bed cooling, og .

& mic events more severe than the max- at Zion. The filtered vented containment, og
for T, imum recorded earthquake in northem system and the modified spray system at

that { Hnois. The earthquake that causes core- best provided only marginal reduction in
,g melt is at least three times more severe the already low levels of risk. Figure 5e

O then that chosen as the design basis for illustrates these results. The hydrogenarfy
1 0.e % the plant. Given that Zion is located in an control concept was dragped from con-
I X area characterized as having " low seis- sideration when it was found that hydro-
Ib' F midty" and given the substantial design gen posed no significant threat to the
g ? margin noted above, it can be argued containment.

its i easily that classical failures in the plant
ed E design and operation must offer very little Conclusion
of risk to permit seismic events to dominate The basic conclusions are obvious from:

the total risk. For perspective, the sels- the results. Zion does not, by any avail-''

mic events of interest most likely corre- able standard, pose an undue public risk.
late to the San Francisco (1906) or The effectiveness of new mdigating fea-

- Alaska (1968) earthquakes or worse. It tures is, at best, marginal at Zion and
O should also be noted that the earthquake Zion should not be singled out for further
'Y induced events do not directly fail the consideratio9 of such features.. , , . -

O powsianemstmMQA#NuANYtoeg $$,

A
,


