Clawp 7

FN 357

MEMORAR DUH
To : Dr. T. J. Thompeon
Indian Point 2 Subcommittes Chairmen
From i M. C. Caske, ACR2 Staff Flened Barvia ¢, Gaske
Subject : INDIAN POANT 2 SUBCOMMITTER MEETING, JUNE 23, 1966

Attached (s a draft cof the Subcommittee wmioutes for the June 23, 1966 .
lndian Point 2 Subcommittes meeting which was held in Washivgtom, D. @,
Copies of the minutes are being distributed to the other ACRS members

vho attended the meeting, in the event they wish to comment, end the
reninder of ACRS for informatiom.
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MINUTES OF
INDIAN POINT 2 SUBCOMMITTER MEETING
Washingtom, D, C.
June 23, 1966

e purpose of the lodian Point 2 Subcommittee Deetiog held ca June 23, 1966
‘n Washington, D, C., was to continue the Subcommitiee reviev of Consolidated
Edison Coupany's application for a constiuction peim't for the
facility. Present at this mesting were the follovieg:
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Tndian Point

LeBoeuf, Lamb & Leiby

E. B. Thcaas
Gifford A, A

A, Upton
Hanauver
Newson

Consolidated Edison Consultants
Palladino

G. Brown
C. R, MeCul lough

Mestinghouse Electric Corp.

H. N. Andrewvs

E. 8. Beckjord

R. Mueller A. R. Collier

E. Noriag H « Cordle
chauer « French
Le Waterfield + Harstead

: : laster

8. Moore

C. Nicholw«
Porse

G. Ruspell
L. Russo
Stern
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. .

“onsolidated Edison Company

we J. Cahill, Jr.
H. ¥, Dierman

J. J. Grob, Jr.
J. A. Prestele

C. F. Soutar

.

HEGUrOPLTO

United Engineers

8. B, Barnes
J. H., Hemsarth
R, O, lubotf
D. EBhodes

D. Ross
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Pr. Thompson stated Chat the Possibility of & reasctor COre melti ~ apd forming
& molten mess of materisl hes previously been considercd for fas. -eactors.

The problem of Fecriticality was tue primary item of concern, and dividers have
Leen placed ! +lovw Some fast resctors to Seperate the molten flesionsble materi-
&l should a core welt down occur,

Or. Hansuar cai.ed attention to the las* paragrach ia Third Supplement to:
Preliminary Safetry Avalysis Raeport. This paragraph 6Tates that the cavity below
the Ind an Point 2 Feactor pressure vessel will ‘d4ve the capability of Preventiog
broacning of the containment by the molten core through the use of water 1o tha
Cavity. He believed that, if Consolidated Edison cculd Bubstantiats thie clain
there mey not be au Guaccepteble safety problem lovolved wich core melt down at
‘he Indien Polnt 2 facility. The question was raised whetner Quastion 9 in the
Third Supplemant (Question 9 reeds: Provide & discussion of the adequacy and
reliability of the eneXgency core cooling system.) ig Present becauss of & desire
OB the part of the applicant or at the request of the Regulatory Scaff.

It was reported that, on Juns 14, 1966, the DRL Staff contacted the ACRS Office
fegarding whecthuir the Committee desired that written loformation be submitted by
the applicants Yegarding Dresden 3 and Indian Poing 2 relative to (1) the course
of & core malt down 8ccldent without core cooling systems in Operation and (2)

the reliability of the emsrgency cooling systems. Following this, DRL contacted
Feprasentatives of the applicant for each reactor and informed them that neither
tie ACRS nor DRL was Tequesting that written information be Provided in regard

tO the above two items. Commonweslth Edison Fepresentatives (ndicatad to DRL
that no written Loformation would be submitted fegarding Dresden 3. Con &d repre-
Sentatives stated that they might provide a limited amount of loformation in the ir
Third Supplement vhich they were in Lhe procesr of Preparing for submission. DRL
emphasized that beither they nor the ACRS was Fequesting such written loformacion,

Prior to the June 23, 1966, Subcoumittee @eeting, Con &d requested a list of ftems
which might ba discussed at the Subcommit tee meeting. Such & list veas provided to
Con Ed, and a copy of this list (s &ctached. Dr. Thowpson stated that the Coamit~
tee might want to write « lettar to the Comniseton BUggesting that safety research
be performed Fegarding the problem of the consequences of & core melt down sccident.

that
In regard to Item 3 of Attachment | (resctivicy transiecis), Dr. Heosuer stated/ the

were used in the enalyses. Pr. Thompscn Provided the Subcommittee vith a listing
of characteristics of & number of bolilng water Feacturs and pressurised water
reactors (list forwardad to Committes members on 6/23/66). He pointed out that
five Westinghouse Teacors in succession have the same gensaral reactivity charac-
teristics and that San Onofre s the first in this series.



He indicated he believed that, i1 the ACRS approves the proposed operation of
San Onofre, the Committee may Dave establisbed & precedent for the ~.. . ...
allovabig fesctivity characteristics of subsequent Vestinghouse vesctors. He

also potnted out that the Committee had reccutly acted in a favorsble manner
regardiag che Brookwood application and that t’ 1 Brookwood resctor has essential-
Ly the same resctivity characteristics a8 those of Indian Point 2.

De. Thompson stated he believed that ths Indian Polnt 2 reactor could be made as
safe r:lacive (o reactivity treusients as any i- Operation. He said that Con Ed
Zight have to retrest somewhat ond that, perhaps, the ACRS should inforw Con £d
that they wust place a burnable polsvn io the core during the first part of the
Life of the initial core. He stated tnat Con Bd could place a boren stainless
steel or other suitable poison ia cmpty positions iu the fuel assevtiles and
thereby make tha moderator tomparature coefficieant significaotly less positive
during the iaitial operation ot the 1eactor.

Begulatory Staff

DRL reported that o .5% reactivity luserrion during full power opesration would
bring the Lottest fuel pellets in the core t. a just molten condition. A 1%
insertion from full power would result in 1% of the core reaching a molten con~
dittow. If 11% of the core were tc melt, it might jeopesrdize the iotegrity of
tha primary systeam.

The DRL Staff reported that their consultants for structural matters, Newmark
and Hall, had most of their questions regarding the coutainment structure
answered lo Supplement No., 3. DRL understood that they still had one minor podnt

which was uoresolved, but DRL had not yet secured the final report from their
consultants.

Mr. Boyd stated that the DRL Staff presently believes the proposed Indian Point 2
plant is an acceptable one. They consider Indian Poipt 2 to be & "Suburban:
Teacte. '. Dr. Hansuar inquired whether the Staff was satisfiled it had enough {n-
formation to convincec. itgelf that there Ls not a great extension cf the contain-
@ent through use of the Lsolstion valve seal water system and that failure of the
System will not cause greater leakage than tha eystem is intended to eliminate.
The GRL Staff indicated thay were satisfied with the naw seal water system which
has been proposed by Westinghouse.

Au intermediste size pipe break io the primary system is considsred to be the
worst type of pipe rupture. In ewent of a large pipe breck, the eystem will
rapidly blow down,and the low head se‘ety injection system pumps can i{oject water
into the resctor pressure vessel. If the pipe break is small, the high head
safety Lojection pumps can handle the situation.

Mr. Boyd stated that Coo Rd had elected to provide the ioformation contained Lo

Question 9 of the Third Supplemsnt ou their own initistive. The DRL Staff indi-

catdd that they did not believe there vas & significent difference between Indian
’ Polnt 2 and Dresden 3 regarding the consequences of a core malt down sccident

[________‘_______—__“____________
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400 the ultimate fate of the wmolten fuel Mr. Boyd said bhe recognized the incon-
sist acy of tha Staff's present position that the core will melt for fission pro-
guct release end wetsl-vwatar resction considerstions but that the core will not

MLl and couse a problem as a result of the molten maes of materisl which would
buw present,

Mr. Proctor reported that he and another person st the Naval Ordoance Laboratory
had both developed models regarding the effects of a pressure veassel ruptvre,
Both of these models gave approximately the same results as the wodel used by
Westinghouse. If s longitudinal rupture occurmg, the pressure vessel would move
outward approximately six inches and contact the concrete shielding located
dround it. Simultsneous r.pture uf the pressura vessel head bolts would result
‘0 the head passiog through the top of the contaioment. Westingbouse still
Delieves Lhat such a rupture of the pressure vessel head bolts is incredible.

1§

L La2 bead were to fly off in such a mamner, the entire core would probabliy be
T,y

MY. Norian of the DRL Staff reported that it appeared that the only oressurs
vessel fallure that the reactor containment could not withstand s simultansous
fallure of the prassure vessel haad bolte

Lonsolidated Edison Representatives

ir. Beckjord stated that Westingb~use had concluded that the ahlelding structure

Tound the reactor pressure vess.i would not f,il violently so & to cause
nissiles 1o the event of a longitudinal rupture of the prassure vessel. WVest-
\Nghouse has assumed that a longitudinal crack would proceed down the wall of
the pressure vessel but would stop at the bottom hemispherical region which is

socatad outside the area which might be made brittle by {rrsdiation.

Mr. Beckjord read a sumnary of Westinghouse 's corclusions regarding rupture of

'@ pressura versel bDelow the flange. The statement wes as follows:

"Contvol rod drive mechanism shield, resctnr vessel shield, lifeing
rig, control rod drive mechanisme, studs, that part of vesssl and
flange above bresks, internale, core barrel and core sere sccelar-
sted to a velocity of approximately 85 ft/sev st an elevatiocn of
spproximately 25 ft above starcting point. With no collision with
Crans, the above masses would rise an additional 112 ft approxl-
mately to s point about 21 £t below the top of contaioment. 1f o
collision with crane occurs, the initisl mass together with crane
would rise between 30-39 ft based on inelestic impact, lesving
distance of 16-25 fL vertical rise to the point where the cran:
glrder proieciion would Louch the contajument."

Westingoouse has studied resctivity fnsertéon sccidente iovolving the relesss of
large quantities of sensible heat to the resctor coolant. These studies indicate
that the pressure vessel might f2il due to the quasi static pressure riza in tha

vessel. The quasi s*atic pressure iz the preseure wulch pavsiat {o the pressvre
vessel after the initisl shock wave pressure rise.

dpn




1f pressure wire countinuously raised in the pressure vessel, the concrete
shielding surrourding the vessel would be contacted by the vessel and the
shielding would eventually fail. The comcrete shielding is capable of with-
stending an internal pressure of approximately 750 to 800 psi. The design yleld
streng-a (650°F) of the press.ure vessel baesd boits is 9300 psi. Mx. Backjord
stated that the primery system pipiog and steam gensrator tubing would be expacted
‘o fall before the pressure vessel. He believes that hhe previocus Westinghouse
estimate of 500 - 550 ft rise of the pressure vessel head, in the evemu of simul-
taneous rupture of the pressure vessel hesd bolts, is conservative aud cbat the
vaosel head might not rise that bhigh. Mr. Beckjord said be would classify the
poseibility of pressure vessel failures as fol. os:

1. Simultaneous pressure vessel head bolt failure - incredible

2. Circumferential pressure vessel failure above the npazkes
but Below the flange - not a finite probability

3. Pailure of the pressure vessal below the nozakes - extremsly
remote

Con Ed does not intend to place & wmicrophone iu the con.sinment to essist in
the detection of leaks withio tha contaiunment. Failure of four adjacent head
bolte would prevent reactor pressure from being maintained. Westinghouse has
recomnended to Con £d that one half of the heed bolts be Luspected th ugh use
of ultrasonic testing and dye penetrant esting at each refueling. They also
have recommended that all of the head bolts bc visually inspected at each
refueling.

The reactor core would be expectad to rise Lf the pressure vessel heri lifted
from the top of che pressure vessel. Mr. Beckjord steted that :the [roblem is
alleviated somevhat because most of the water in the pressure vessel ig located
above the core. It vas his opinirn that the core would probably rise approxi-
mately 20 to 25 feet but would not leave the pressure vessel.

Dr. Gifford stated ha believes ths degres of concern relative to off-site
emargency procedures should have some relation to the number of reactors pres-
ent at & site. Con Ed har had soms discussions with the New York State Police
regarding arrangemsots for mmergency off-site evacuation. Con E4 has not, how-
ever, tested emargency procedures for majovr sccidants becauss of possible adverse
public relations sffects. No arrangements have been made with a nearby waatber
station for weather information to be provided i{n the event of an ateident.

Dr. Gifford suggested that such arrangements might de made and periodically
tested.

Dr. Doan rtated that Con Ed seoms to have developed paggendes plans forohandling
releases of radicactivity at Part 20 limits rather thas for tlie more significant
releases which might result from possible accidents.




Dr. Henauver pointed out that, if a group of intelligent people can vot devise
emergency plans for use during accident conditions, the reactor supervisor can
not be expected to devise such plens on the spur of the moment at the time of
an accident.

Dr. Hancuer {nquired how well Con 84 would know what quantity of radivacpivity was
being reiessed from the reactor stsck ig the event of a major accident. Con Ed
repreéscatatives did not know the raoge of sensitivity of the presently installed
Indisn Point 1 stack monitor nor the range of sensitivity of monitors to be.
installed for Indian Point 2. Dr. Hanauer cautioned that the need for stack
monitors with an adequate range for possible IadidniPotnt 2 accident conditions
wae being indicated to Con Ed at an early stage.

Tha 47 peig contaioment design pressure is greater than the pressure in the
water in the cooling coils of the air recirculation system located lonside the
contaloment. The pressure in the coils is approximately 20 to 25 peig.

Dr.. Thompson was concerned that, during accident conditions there night be a
leakage of radioactivity to the river vater circulating through the coils.

Dr. Hanauer pointed cut that, in tha event of a lau-of-coolm:~ucldont. three
sets of pump. are requivred to functicn to remove heat through the residusl heast
exchangers. The service water system supplies coolant weter from tha river to
the reactor plant component cooling heat exchangers. The component cooling heat
exchangers in turn provide cooling water to the vesidual heat exchangers located
inside the containment structure. Ther: residual heat exchangers then remove
beat from che contsinment internal recirculation system.

The isolation valve seal water System has been redesigned to Lloc- rrorute the use
of valves which seat at both the inlet and outlet portions of the valves. Water
can be injected into tha area between the two sests Lo prevent the leakage of

S&ses through the valves when they are in & closed condition. These valves sre

leakage path from the containment. The applicant maintains thet the new design

is merely a change in detail and does not intend to submit an aendusnt describ-

iog the new system. Con Ed reported that thers has baeen experience in the gas
industry with the type of valves being proposed for use in cthe containment igo-
lation valve seal water systam,

Following a loss-of-coolant accident and injection of the contents of the refuel-
log water storage tank into the containment, the water level in the conteinment
structure will be &pproximately 3 feet above the floor level. The sttached skatch

was Irawn by Westinghouse to show the ievel that the water would reach relative to
to the core.



Westinghouse supplied the following table of items which would be in operation
{f two of the three emergency diesels ara cparable:

{Injection Phase) {Internal Recirculation)
Compouant Horse Fower Component Horse Power
4 fans 1400 2 fauns 780
safety injection
pump 350
1 residual heat
pump 250
L spray pump 350
2 service wvater 3 servics waterx
pumps 800 , LpuUmMPE . .af 1200
1 recirculation
pump 350
1 component cooling
puwp 200
Total 3150 2450

Approximately one hour uafter the occurraxe of a loss-of-coolant accident, exter-
nal pumping of water through the safety injection system and the coontainment spray
system is ended, and a shift is made to the iaternal recirculscion operational
mode. Approximstely 10 minutes are required t» start and stop pumps, close valves,
trip coutainment fans off the line, etc. during the shift. Dr. Hansusr inquired
whether thers would be adequate cooling through all of the charcoal filters if
two of the air reeirnulation syetem fan coolers are turned off after the filters

come laden with figsion products. There is one charcoal filter ‘u series with

- b fan. The discharge from esch fan pssses into a common discharge duct. West-
L. aouse maintained that, Lif tw of the fans wers turned off, thare would be
sufilcient . back flow through the other fans and their assocliated charcoal filters
to pravent the charcoal filters from burmipg. The refueling water storage tenk has
a capacity of 320,000 gallons. It will take betwean ome and uwo weeks to mix the
boric acid solution required to £1i11 the tank.

" =




Con 4 will establish a criteris as to how much water must be in the refusling
water storage Lsuk to permit reactor operation to proceed. Westipghouse reported
that, at & tempersture just above freesing, the boron concentration in the refuel-
ing water storage tank would be approximately a factor of two below the saturas-
tion concentration. Dr. Newson inquired as to the reason the resctor pressure
vessel 1s oot locsted deeper in the cavity at the bottow of the coutaioment in

order to obtain better assurance chat the core wovld be flooded Lif water is
iniected into the containment.

Mr. French of Westinghouse reported thst burnsble poison could be placed in the
core without seriously affecting the power distribution. Hs stated Cthat,

weight percent boron stainless steel were inserted in the core, ounly 8% of
the original borom in

if one

the stainle:s steel would be present at the end of the

if found necessary, a burnable
peison could be added to the fuel assemblies near the time Chat reactor opera-
tion is to begin. Dr. Hanauer caucioned that, in view of the fac:t that rod pro-
graming is very important in the prevention of reactivity accidents, tols matter
will be looked at carefully at the operating license stage.

first core cycle. Westinghouse iladicated that,




Westinghouse presented the following table:

NES ON CORE MELT THROUGH

- Reactor coolant system integrity

4. Designed to guality cootrol standards
b. Pressure vessel above NOT
¢. Ductile pipe

- Safety injectiou aystex veliability

a. Redundancy

b. Pive pumps (3 high head, 2 low head) not including recirculation
pumipe

¢. Bight injection points

d. Three diesels, 3 inatrument and control channels

€. Neactor vessel and rusctur coolsnt pipes supported for double ende
ed pipe severance

£. Failure analysis

8. Recirculation

3. Safety lnjection Performance

4. Approx. 20% of installed deluge flow will prevent melt throug'
b. 1 diesels - only two required

For the core melt through accident, Westinghouse has postulated that approxi-
mately 60% of the core is in a molten condition at the bottom of the resctor
pressure vessel and that the bottom of the vessel is located in water. Several
inches of inaulation will be present around the prassure vessel, but this ine
sulation is of a reflective type. It comsists of aluminum foil placed between
stainless steel sheets. iMr. Stern stated that, if steam is generated in the
insulation, vater can communicate freely through the insulstion, and any stesm
formed would be readily removed. Assuming 60% of the core is wolten end pre=-
seut in the bottom of the pressure vesssl, and that the after hest gemeration
rate is 2% of full power, Westinghouse believes that the cors would mot melt
through the bottom of the pressure vessel. Vestinghouse, however, had wo ex-
mmmcomnurmu-mm-uuu-\m-
hasat flow through the pressure vessel. It vas pointed out that, 1f 60% of the
core wers actuslly moiten, the fusl pellets reosining i{o & esclid form would
peobably fall to the bottom of the vessecl. The question was raised as te the
effect the crust, whick wuld form ou the outer surface of the molten fuel,
would heve oo hest trans. ¢ charscteristics. Westinghouse hae calcul.ted that,
tlmmmnlm-im"dmomu, thers would ba & 15 pel vise
in the pressure tnside the contsimment. It vas suggested to Vestinghouss chat
they might wish to conaider the meit through accident a general problem and
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West ioghouse presented the following table which represents the sequence of events

Lf all of the core 18 ailowed to melt:

b 1 owdown C =~ 12 secs.

lst sone melts 145 sece.

bottom of pressure vessel dry 575 sece.

barrel melts ¢ : ey 2300 secs.

melt through preassure vessel 2300 secs.
Executive Session

Dr. Thompson believed that Con Ed wight be asked to cunsider:

1.  Provision of means of insuring an adequate contaimment flooding depth
to cover the core for any breaks in the primary system,

2. Placing & burnable poison in the core so that the quantity of borom
in the coolent would ba limited to the maximus of 1500 ppa during
resctor operation.

i Placing a large U tube between the Indian Point | and Indisn Point 2
containemuts to provide for blowdown of pressure into the other coo-
tainment in the event of ewcessive pressure in sither containment.

4. Providing for cooling water to be added to the secondary side of the
sSteam generstors in order to condense steam sod rewove hest on the
primary side in the event of s lose-of-coolast sceident.

- m.duttcuotnholddanndommthmhutumu
the event of an sccident.

in
Dr. Thompson decided to present the above /inforwal di.cussions wvith the appli~
cant and present these as his own individual 1dess. ™he mner of handliog
esch of

to
the ten items in the list presented to Com B4 for orsl discussion at
the Subcoumittes meeting vas agreed upom.

-10=-



1. Be preparnd to discuss.
2. Be preparvd to discuss.

3.  DBe prepared to discuss briefly and indicats the general means of re~
treat if the magnituds of the positive void coefficient is comsider~
ed too large.

4., Be prepared to discues.

5. Be prepared to discuss briefly.

6. Be prepared to discuss, especislly the opervating szperience with the
type of valves proposed for use.

7. Be prepared to discuss, particularly possibility that interssl pressure
of contaimment may exceed the pressure of the water in the cocling
coils of the air vecirculation system.

8. This item appeared to be reasonably well documented in the Third Sup~
plemant .

9. Toie item also appeared to be sufficiently well documented.

10, Emergency procedures would not be discusead at the full Committee meet~

ing, but Con Ed should keep smergency procedures in mind for the operate
ing license stage.

Dr. Hsosuer stated that a question which should be explored is what would happen
Lf the core melted through the pressure vessel. Vestinghouse indicated they be-
lieved that, vhen the molten fusl meltsd through and hit the water located below,
there would be rapid chilling and formstion of solidified ursnive oxide. Dr.
Thompson saphasized the need for sdequate information to be provided to the full
Committes regarding the core wmeit through accideat.

Westinghouse reported they ave counsidering the installstiom of an cpen stainless
steal tank at the bottom of the contaimsent. The tank would be located below

the pressure vessel snd would be raised to permit cireulation of water under it.
The bottom of the tank would be lined with £ ick. Ia event the cove malt-
ed througk ths pressure vesssl, spproximstely foot wese of weonil o
be deposited on top of the fire brick. Hest () by boil vater
mupotm-lt-m,.dbymwou. the
water located below the tank. It wes suggested that of the
have to be slanted Co prevent the occourrsace T Rem ing bslow
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tank.

At the end of the mseting, Con B4 revised their
the pressure vessel hesd bolts by ultrasonic and dye

fusling., They agreed, instead, to inspect all of the bolte
refusling.
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2.

9.

10.

SUBJECTS POR ORAL DISCUSSION
AT INDIAN POINT 2 SUBCOMMITTER MEETING, JUNE 23, 1966

The poesible course of a core meltdown accident without core cooling
Systems in operation and possible sdditional means of coping with
this type of accidemt, (f nececcary. (Discuse, in particular, the
ultimate fate of the wolten fusl and amy effect it may have on com~
taioment integrity.)

Beliability of the smerzency core cooling system. (Discuss the
differential pressure which mey exist acrose cors components during
primary system blow down sccidents and the abiiity of the components
to withstand the forces involved. Discuss the effect that disarvange~
ment of core components may have on cooling of the core by the emer-
gency coolant system. «leo, discuss the ssount of pressure vesssl
@ovement which could orcur without impairment of the proper function-
ing of the core emergency coolant system.)

Reactivity tracsients.

Current plans regsrding designing against the longitudinal rupture of
the resctor pressure vesssl.

The capability for simultansous oparation of the emergency core cool-
ing systems and the containment SpPraEy systems.

The isolation valv. seal vater system regarding its vulnerability to
salfunctions which might violate containment integrity.

Esliability of the service water system during accident conditions.

The degree of inspection of the containment liner welds following
fabrication.

Requirements, above those stated in Sectiom III of the ASME Boiler and
Preasure Vessel Code, which will be in effect for the Indian Point 2
reActor pressure vessel.

A brief description of all Srrangements, procedures, and epecial equip-
went provided for use in emsrgenciss which might affect persons locat~

¢d off-sike. Discuss the degres to which emsrgency plans have been
tested and the vesults of such tests.

ATT. | to Indisn Point 2 Subcmte Minutes of Meg held June 23, 1966
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