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Question No. 3 (B) t(i§;m683)‘ww””

- ASLB 3/24

"Now, with regard to the reactor vessel and
related somewhat to inspection, in reading the information
that came from the construction permit stage, one, I think, is
impressed that at that time, at least, there is some conceri
about the possibility of a rupture of the reactor vessel.

_ The Applicant provided special concrete structure,
I will call it, shielding around the reactor vessel to prevent
missiles. The Staff safety analysis indicated and the ACRS

" letter indicated that certain provisions were being made in the
design of the plant to take care of meltdown fuel and this could

be expected in the event of a rupture in the reactor vessel.
In ACRS documents prior to that time a coneern

was expressed. Yet, as the plant comes up for an operating
license, it is indicated that there is now no concern about
the rupture of a reactor vessel, that this is not a design
pasis accident that needs to be considered and, in fact, there
is no provision for handling the meltdown of the core should
such an accident happen. '

S " I think it is important to justify this change
in outlook that has occurred between 1965 and 1986 when a
construction permit was issued and the present stand.”

Answer:

No provisions were ever made or considered for
Indian Point Unit No. 2 or for any other water reactor of which
the Applicant is aware that would take care of fuel meltdown
following the rupturé of the reactor vessel. It is the posiﬁioh
of the Applicant that the conservatism in the design and care
taken in the manufaéturing process,.sfricf quaiity control and
guality assurance during every facet of the design and manufac-
turing process combined with carefdl operation and a responsible.
in-service inspection progfaﬁ; both conforming to Téchnical
Specification requirements, eliminates the probability of
reactor vessel rupture and, hence, its consideration as a

L)

design basis event.
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Question No. 3 (B) (TR. 683) ASLB 3/24

The crucible was proposed as a back-up to the
Emergency Core Coollng System at a time when that system was

not de51gned to prevent. fuel clad melt;ng for large breaks in

the reactor coolant piping, The system as then designed permitted

- higher peak fuel eiad'temperature than can occur with the present

improved design. In addition, the present Emergency Core Cooling
System design ineludes valving and piping modifications which
give capability tolmaintain core cooling and containment'cooiing C
in the event of a possible failure in the safety injection system
or}service weter system for the long-term after a 1oss-of-coeiant;
The purpose of the crucible was spe01f1ca11y to handle molten
fuel should such occur and melt through the reactor vessel aftef
a large loss-of-coolant accident.

| ‘After the Indian Point Unit No. 2 construction
permit was granted the design of the Emergency Core Cooling
System was changed to inCreaée its capability to reduce'tﬁe
maximum fuel clad tempe*ature and restrict the amount of metal-
water reaction which can occur in a loss-of-coolant acc1dent
and thereby maintain the effectiveness of the Emergency Core
Cooling Systemo' Theaconcurrent development of the accumulator

system by Westlnghouse made this technlcally feas:Lble°

At the . same tlme, the developnent of a crucible

. to haﬁdle»the potential effec;s'of.molten fuel in the containment

was found to be impractical and because the improvements in
the EZmergency Core Cooling System removed concerns about fuel

clad melting which led to the adoption of the crucible concept




‘Question NO. 3 (B) (LK. buv3’ "~ ASLB 3724

‘in the first place, it was therefore proposed and the AEC

after its review concurred in not providing the crucible.
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Question No. 4 (B) (IK. bd4) _ 4 ADLD 3724

- . "In connection with the emergency core cooling
system, as I read the Staff safety analysis and the ACRS letter
for 1866, the emergency core cooling system as proposed at that
time was inadequate. The flow from the system was going to have
to be increased and increased to the extent that a meltdown of

the core could not occur.

: This at least is my reading of the reports at
that time.

In addltlon to that the Appllcant was going to
provide and the papers seemed to indicate that it would be nice
to provide for containment, at least, in the event this emer-,
gency core cooling system or one that was supposed to fail
actually did fail and this was the reason for putting the
crucxble below the reactor vessel.

' This was no longer. con51dered necessary. In ..
other words, no back-up for the emergency core cooling system -
seems to be considered necessary. Though there may be very

A - good reasons for this, I think it would be desirable to discuss

at the hearing more about what work was done on the design
of that core catcher, I will call it, because this is stated
in reply to the exten51ve de51gn work that was done.

Give additional information concernlng the reasons .
for removing this device, even though it was prov1dedvonly as
a back-up to a system that was not supposed to fail.

Answer:

The reasons for elimination of the crucible are
discussed .-in response to ASLB Question 3 (B) (TR. 683). Design
work done on the crucible prior'to its elimination was in the
areas of layout, structure,'heat transfer and materials selection. .

The result of this work is described in Section 7 of Suﬁplement 7

to the PSAR of Indian Point Unit No. 2 (attached).



7. REACTOR PIT CRUCIBLE

7.1 SUMMARY DESCRIPTION

The reactor pit crucible was. proposed in Supplemene 5 to serve as back-up to the .
emergency core cooling sys;em in the event that the core might melt and deposit
in the reactor vessel cavity. The reactor pit crucible, Figure 7-1, is

a refractory lined vessel with a sloped bottom supported and elevated from

- the cavity floor by structural members which allow free flow of water beneatﬁ
the vessel and steam separation by wey of the space between the vessel sides
and the concrete reactor cavity walls. The crucible is located directly

below the reactor vessel and in-core instrumentation guide thimbles, and
extends into the access tuﬁnel as shown'on Figure 7-2. The capacity of

the crucible is sufficient to contain all of the fuel (UOZ)’ fuel assémbl& ‘.
grids (Inconel), fuel assembly end fixtures (stainless steel) and portioms

of the lower core support structure and reactor vessel bottom head.

The addition of the accumulators to the redundant and iﬁdependeutly protected
eﬁergency core cooling systems relegates the reactor pit crucible back up to a
role which will never be needed, even under the worst accident hypothesis. '
Core thermal tramsient stu&ies (Section 1, Supplement Six) analytically
‘demonstrate the capability of the emergency-core cooling system, with its
increased capacity, in preventing any clad melting for a loss of coolant

accideﬁt even when considering complete rupture of a reactor coolant pipe.

The englneerlng approach to design of the reactor pit crucible was based

on the foxlow1ng generalized assumptions. fﬁ; .

i. The reactor pit is submerged with borated water from the break
in the reactor coolant system and introduction of containment
spray water from the refueling water storage tank (350,000 gals

capacity).
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2. Molten agglomerate ihcluding UO2 solidifies on contact with the

water cooled refractory.

With solid external boundarys of the.agglomerate mass, an insulating

'barrler is obtalned which essentially lowers the 1nterface temperatures

in the refractory to plate region.

Thermal analysis presented in Supplement 5 indicated refractories with
service temperatures in the range of 3000°F are adequate. Of the

many materials available today, silicon carbide brick and a high alumina

‘brick are presently being considered for use in Indian Point No 2. Chemicalﬂ

and Physical characteristics of the above materials are shown in

Table 7-1.

N

Both materials are available in the same fundamental geometeric shapes

.and are suitable for attachment to steel back up plates. It is presently

planned to cover the refraCtory with a ten or twelve gauge stainless
steel liner to preclude material damage and moisture absorpt1on during

plant life ‘time.

7-2
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CHEMICAL AND PHYSICAL CHARACTERISTICS
' OF REFRACTIES .

CHEMICAL COMPOSITION

41,0,
510,

Si0

PHYSICAL CHARACTERISTICS
Bulk Density

" gms/ce
lbs/ft3

Porosity-Percent

Modulus of Rupture-psi

Cold Crushing Strength-psi

Use Temp.-°F

Coef. of Thermal Expansion
(per °F - 212 to 1800°F)

Thermal Conductivity

(BTU/hr/fe2/1n/°F)

TABLE 7-1

7-3

Percent

"Alumina

Brick

89.0
9.0
0.25
0.10
0.02
0.02

3.01-3.06

188-191

14-16

2800-3600

14-18000

- 3100

Silica
Carbide .

0.78
11.75.
86.10
1.05

0.21

0.10

- Trace

None

2.57-2.65
161-168

14-17
3000-4000
14-18000



7.2 DESIGN BASIS

1

The crucible is designed to'contaiﬁ the residue from core meltdown
and vessel melt through, thereby preventing contact of the meltdown

residue with the containment.

The load criteria for the deéign of the refractory lined crucible
are based on a core and reactor vessel meltdown residug of 512,000 1bs. '

determined as follows:

ibs.

1.  Reactor fuel’(UOz) , 220,217.
2. Zr (as ZrOZ) _ '

Fuel assembly girds (Inconel)

Fuel assembly end fixtures (Stainless steel) 61,100
3. Lower core support structure L 166,000

(Stainless steel) | !
4, Reactor vessel bottom head | B 64,500

(Carbon steel) , '

' Total : 511,817

The limiting case for crucible structural design is the assumption

of meltdown residue collecting in a cone shaped mound with a 1:1 height
to diameter ratio and a denéity of 750 lbs/ft3 which results in a

core volume of 683 ft3. The weight of the meltdown cone over its area
resuits in a load of approximately 8300 psf on tﬁe crucible under the
reactor, a value well within the.étrength of the structure at its use

temperature.

74
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. The dynamic lcauing of the crucible structure associated with vessel

meit.through and Class I seismic criteria, as defined in Supplement

. ~Two to the Preliminary Safety Analysis Report, have been applled to

" the structural design.

The cooling mechanism of the crucible was analyzed in Section 2 of Supplement
No. 5 to the Indian Point Unit No. 2 Preliminary Safety Analysis Report.
The principle consideration for crucible thermail integrity is that the

steel vessel be maintained at temperatures below which its strength

satisfies the load requirements previously listed. The major item arfectlng

temperature in the steel vessel is the heat flux:which determines. surface
temperature and temperature rise through the metal. The heat flux is

dependent on the ' melt" volumetric heat generation rate, and conduct1v1t1es

of the SOlld and liquid UO2 phases which with the UO2 vaporizing temperature

and the refractory melting temperature establish the thickness of the
Solld and liquid UO2 layers which conduct heat into the refractory.
In Section 7.4, conservative estimates for the abcve parameters have
teen used in a steady state thermal analysis which establlshes that
the mode of heat transfer at the vessel water interface is nucleate
toiling and the. temperature in the carbon steel crucible vessel would
be maintained beiow 800°F. In Supplement 5 the transient effect of
initially molten UO2 contactingvthe crucible ‘was determined to result
in a monotonic heat up of the system verifying the appllcab111ty of

the steady state thermal analysis,. -

7-5
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7.3 MECHANICAL AND STRUCTURAL DESIGN

7.3.1 CRUCIBLE (See Figures 7-2 and 7-~3)

The bottom of the crucible is composed of 12 inch’wide flange sectioms
sitting on concrete pads to form a trough with a minimum angle of 20°
from the horizontal up to a maximum of 37° at toe of boot. One inch.
carbon steel plates are welded to the wide flange sections; this plate

supports the refractory. 4 : .

The side walls of the crucible under the incore insfrumentation leads
consist.of 18 inch widevflange columns resting on concrete and bearing

against concrete side walls. Where crucible side walls taper down to »

8 inch wide flange sectioms dué to clearance required for incore instrumentatic
the columns are 1 inch_plate_box sections. One inch steel -plates are

welded to these vertical columns. The side walls extend approximately

11 feet (up to El.-29“—0",‘t6p of crucible) above the lowest point of

the concrete,

The side walls under the feactor, consist of 2 inch thick plate agéinst
the concrete, 18 inch wide flange sgctioﬁs welded to the plate and then
a 2 inch layer of plate welded to the 18 inch wide flange columns. These
walls extend approximately 12 1/2 ft above the lowest point of concrete.
The side walls will have 2 inch T-bars welded vertically at 2‘ft. center

to center spacing to sgpport'the 4-1/2 inch refractory.

7-6




The bottom pléte.is désigned for approximately 8300 psf under the reacto:'
and based on approximately 685 cubié feet of molten matérial. A loading

of approximately 4300 psf is assumed at the toe.of the booﬁ. The temperature
of the plate as a result of meltdown is considered in determining allowable

plate stresses.

Thnere are four - 8 inch diameter pipes encased in concrete around the
reactor section that will carry water from elevation 46' - 0" to the

uhdersiderof the crucible by gravity flow.

The side Walls of the crucible will have a baffle located around the
top extending out from concrete wall to direct falling material 1nward
toward the crucible and away from the cavity annulus.

-

All structural steel sections and plates will be in accordance with

- ASTM A36 specification.

All welding will be in aécordance with the latest edition of Américan ‘ i
Welding Society D1.0-66.

Y
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T e 1HERMAL ANALYSIS

Section 2 of the ?ifth Supplement to the PSAR deséribes the mechanisms
af heat transfer which goverﬁ'the design of the reactor pit crucible.
A hypothetical accident is postulated in which total failure of core
cooling systems results in melting and migration of the core material,
lower core support and reactor vessel bottom head, to the crucible.

In this conflguratlon the core mass is surrounded by water resulting
from reactor coolant loss and containment spray. Self heating of the
core mass is only partially dissipated by conduction through the solldlfled
outer crust., The remainder is transferred by expulsion of UO2 vapor
and liquid through breaks in the crust created by UO2 vapor pressure.
Quenching of these eruptions by the surrounding water causes steaming
in the reactor cavity which is relieved through the access openings

to the reactor loop compartment where it is ultlmately condensed by

containment spray or the air recirculatlon coolers.

-It is the spec1f1c purpose of the cruc1ble in thls hypothetical situation
£o maintain insulation of the foundation mat and llner from the core
mass. A water space is prOV1ded surrounding the. crucible shell for the
purpose of cooling the steel plate and refractory insulation of the
crucibie. Boiling at the ‘plate surface maintalns a temperature gradient
through the crucible structure which is definable in terms of the volume
heat source, melting points and thermal conduct1v1t1es of the materials.
4 satisfactory evaluation is obtained when the average temperature of
the steel plate is within the range where adequate structural strength
is assured and the heat flux at the water/steel interface is within

the nucleate boiling range. .

Héat Transfer at the Crucible Wall

The transient and steady-state heat transfer models with which the temperature
distribution in the crucible wall was_dete?mined are described in Supplement
Five, pages 2-4 to 2-10. Fﬁrther,consideration of the problem during
subsequent engineering studies has confirned the applicability of these
models, subject to confirmation of the thermal'properties of the materiﬁls
used. In the present supplement, the results of a recalculation of.

temperatures with parameters_reflecting design are presenced.

7-8
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.The following refinements of input parametérs are here incorporated:

Internal heat generation rate (q''') of the UO2 has been selected as
0.4 x lO6 Btu/ft3 hr based on the residual heat rate (1.9% of the

full power value) at an elapsed time of 2000 seconds after shut down, |,
Noble gases,'halogens,‘and 5% of the cesium fission products are
assumed stripped from the fuél. ' The remaining decay heat sources

are aséumed;to be presenﬁ in concentrations representative of the
leading 10% of the core, having an average power density which is.

1.6 times the core average. '

A value of 5.2 Btu/ft-hr-F° was assumed for the effective conductivity’
of the molten UO2 below'the vaporization temperature. This was

the "worst case" assumption used in the Fifth Supplement analysis,

Solid UO2 conductivity was taken as 2.5 Btu/ft-hr-F°, again the

worst case'value, to maximize the heat flux to the crucible wall.

A maximum UO2 liquid temperature of 8000 F was assumed, correspondlng

to the vaporization temperature of UO2 at 4000 psia.

Refractory conductivity values of 1.33 and 8.75 Btu/ft~hr-F* were
assumed, representing-alternate material selections of Cerox 700
(alumina) and Kellog 3 AD (silicon carbide),~respectively. In

both cases the thefmal analysis was based on the assumption that‘abové
3000°F the refractory was removed from the slab, reducing the thickness
of the refractory layer until only material below 3000°F remained.

In this manner a conservative allowance was made for possible eutectic
formation which might reduce the protection of the steel afforded by

the firebrick.

7-9
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* The maximum heat flux to water estimated in these calculatlon is

1.28 x lO5 Btu/ft hr. No higher value can be expected, because:

a) Higher conductivity of refractofy is. not obtainable with the materials

under consideration.

b) Maximum values of UO2 solid and liquid conductivities are assumed.
c) Maximum value of UO2 liquid temperature‘is assumed. |'
d) - Lower values of the parameters listed in (a-c) give rise’'to less

UO2 contained in the conducting layer, hence a lower heat flux.

The maximum heat flux of 1.28 x 105 Btu/hr ftz is within the range where_podi
boiling heat transfer will maintain the wafer—side wall surface temperature
below 330 °F with a conservative heat transfer coefficient of 4000 ‘
Btu/ftz—hr-°F, DNB heat flux at this conditioc would be expected to be |
approximately 200,000 Btu/ft2 hr. The calculation has thus establlshed stable
neat transfer mode capable of dissipating the largest heat tlcx which can be
delivered to the crucible/fuel interface. Table 7-2 summarizes the region
thicknesses and interface temperatures for bogh the insulating materials under

consideration.

At a heat flux of 1.28 x 105 Btu/hr ft2 the calculated steam separation rqte

at the periphery of the crucible is a maximum of 0.122 lb/sec. per foot of
perimeter. A minimum of 18-in radial clearance is provided at all points, -
sufficient to pass this flow of steam with a superficial velocity of about
1 ft/sec, hence there would be no tendency to vapor-blnd the region under

the crucible.
The total rate of steam formation from the entire core mass, if it were

contained in the crucible cavity and assuming saturated water were returned from

the containment floor to the cavity, would be about 65 1lb/sec.

' 7-10
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The available area to pass ‘this steam flow is approximately 30 sq. ft.,

‘comprising the openings for personnel access and in-core detector

conduit into the reactor'bavity The superficial velocity of steam rlslnn
through these openings is about 32 ft/sec. The calculated’ pressure drop

for this steam flow is less than one inch of water, hence the back pressure )

created is of no consequence in limiting the natural convection flow of water

through the downcomers in the reactor cavity.

7
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TABLE 7-2

' SUMMARY OF THERMAL ANALYSIS
Volumetric Heat Generation‘Rate'(BCU/fts;hr)
Uo, Vapor Temperéﬁure (°F)
Liquid UOQ Conductivity (Btu/ft-hr-°F)
Liquid UO2 Thickness below Vapor Temperature (in.)
Solid U0, Conductivity (B;u/hr—ft-°F)
Solid UO2 Thickness (in.)
Heat Flux Through Crucible (Btu/ftz—hr—°F)

Refractéry Material Cerox-700
Refractory Conductivity (Btu/hr-ft-°F) . =~ 1.3
Refractory Thickness Below 3000°F (In.) 1.88

Maximum Steel Plate Temperature (°F) ‘ 800

7-12
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400,000
8000

5.2

3.4

2.5

0.5
128,000 -
Kellog 3 AD
8.8 )
0.29

. 800
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Question No. 5 (B) . (TR. 685) . ASLB 3/24

"In connection with the emergency plans, there
are procedures that are to be followed in the event of an
emergency. These are procedures that have been provided by
the Applicant and others provided by the State of New York.
If the Applicant has anlyzed an accident, one that would
involve extensive threat of radicactivity such as the State
of New York to be called in, we would like there to be some
discussion of the accident and the time that is involved.

Certainly the amounts of time required to
notify people and take measurements. I have Seen no description
of a typical accident; I should call it an accident that is
not typical, one that involves a considerable threat of
radicactivity, and the time allowed for carrying out these
operations according to the Staff's safety analysis;. within two
hours at the site boundary one could approach the 10CFR100
limits under certain conditions and 12 hours seems to be a
fairly short time to carry out all the emergency actions
called for in the emergency plan.

We would like to have some discussion about the
‘kind -of accidents that have been analyzed and the amount of
time considered to be available for carrying out these plans
and how they compare with this two-hour business.at the
site boundary." ‘ T
Answer:
The Applicant has designed its Radiation
- Contingency Plan to be responsive to a variety of accident
situations, which are generally described in the three categories
referred to in FSAR Question 12.5, Section 3.0 beginning on Page 5.
The Applicant has discussed with the State of
New York and the AEC Régulatory Staff the spectrum of accidents
with which the emergency plan for the Indian Point site is
designed to cope. It is.the Applicant's judgment that all of
these accidents either would not result .in releases of radioactivity:

off-site or would produce off-site doses significantly less than

those contemplated by the AEC's reactor site criteria (1LO0CFR100).



Question No. 5 (B) (TR. 685) | - ASLB 3/24

Taking the case of the hypothetical occurrence
of the most serlous accident with which the emergeno; plan is
detlgned to cope, i.e., a'double- ended fupture of the largest
7 prlmaryvcoolant pipe and consequent release of radloact1v1ty
into the'éontainment, the Appliéant would.be required to carry
out the following activities related to the emergency plan:

a. Notify the Department of Health through
the officer on duty at the 24-hour emergency number (518—“57-2200).

b. As indicated in Appllcant S answer to
Question No. 14 of the Board (offered in evidence on March 2u
1871), the Appllcant will also provide the Department of Health
with the'following information: the type of accident that has
occurred; the sa¢eguards which are effective; gross act1v1ty
levels inside containment as determlned by gross gamma instru-
meniatlon which observes containment act1v1ty through steam
line beam holes, a statement as to the nature of the release to
the containment; wind speed; wind dlreCtlon and meteorologlcal
category. |

- Con Edison will further provide the Health Department

with calculated thyroid dose levels due to iodine 131 at various
olstances downwind based upon the activity within containment
and an assumed 1/10 of a percent per day leakage from ccntalnment¢.
The 1/10 of a percent per day leak rate from containment is
assumed even though the pressurlzed weld channels and penetration

along with the seal water injection system is designed to prevent



" Question No. 5 (B) (TR. 685) - .. ASLB 3/2

hsucﬂ containment lecak rate, because the field survey monitoring data,
which would verify that such containmént leakage is not occurring,
would not yet be ;vailéble on .this initial notification. If
means are available of verifying that containment leakage is not
occurring at the time of the initial notification of that is is
considerably below the}l{lo of & percent per déy assumed, the
calcuiated doses wiil bé&adjusted.accordingly.
. ftis estimated that the foregoing information
could be‘provided to the Department of Health within one-half
hour,aftéb the onset of %he accident.
~ Other emérgency notifications and activities of
the Applicant in-connection with a design basis accident are set
forth in FSAR Question 12.5, on Pages 23 - 30.
The Applibant would institute off-site radiation
surveys following the above-described accident. Initial radiation
surveys off-site would be made by Con Edison's plant health

‘physics survey team who would use a survey truck with two-way
raéiocommunication to the controi rooﬁ. Theée personnel would
monitor airbdrne radiocactivity and direct radiation downwind of
the site. It is anticipated thét initial results of these .
surveys would be available in approximately two hours. Other
energency monitoring assistanée (e,g.; from the AEC) should be
available within four hours. The times involved in carrying out
radiaticn surveys by off—site'support grdups would vary, of course,

with the extent and nature of the radioactivity invoived.



Question No. 7 (B) (TR. 686) | "ASLB 3/24

_ "There is a question concerning whether the.
releases are as low as practicable or whether they are a small
percentage of the MPC value. I think at the hearing we will
go into some extent to the provisions that have been made for
controlling the routine releases from the plant and into the
question as to whether they are indeed as low as one should
expect, what kinds of modifications might be required to reduce
them further and whether there would be any real advantage to
such reduction. .

: In other words, whether the reduction would be
SO 51gn1f1cant as to be concerned. I don't believe I have any
other points to consider."

Answer:

The basic waste processing system design in thé
Indian Point Unit No. 2 plant to collect,radioactiQity has been
discussed in Chapter 11 of the FSAR« In tﬁe plant, various
radiocactive flulds are collected and processed by either
demineralization, flltratlon, evaporation, or scme combination
of all of.these.

Bésed on the estimates given in the FSAR of the
quantity of liquids to be handled in the WDS, and the design
objective for equipment performaﬁce, Table(l has been |
prepared'to indicate the dééign'objective of rédioactive
substances to be released from the Indian Point Unit No. 2
plant. The estimated activity to be released from the plaut
through the liquid system, exclusive of tritium, over the year

as been estimated at .025 curies per year. This represents 6n
an average annual basis a concentration when mixed with minimum
circulatin@ water flow of less than 1/50,000 of 10CFR20 regulations
for all isotopes, exclusive of tritium, 1Tritium release as caiég-

lated on the basis of knowledge available at the writing of the

!
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%SAR was estimated at 4240 cufies per year. This total quantity
.of tritium on an average annual reléases basis is less than
1/1000 of 10CFR20 MPC.valﬁe.s° Operating experience with
zircaloy cladding has indicated that this tritium.figure will
be.substantiaily reduced. In any case, some tritiated liquid
will be discharged from the plant in the form of HTO or TZO,‘as'
there is ﬁo practical means of séparating tritium. Concentratlons
bquoted above are in the 01rculat1ng water discharged from the
plan?, and further dilution will occur upon mixing with the
Hudséh River which flows past the plant.

| Table 2 has been prepared to indicate the/estimafed
gaseous releases from the Indian Point Plant. It will be noted
that approximately 10,000 curies pér yeér of gases will be
released from the plant throughout the year. The estimated .
integrated whole body dose for a person résiding continually
at the size boundary would result in less than 20 mr/yr. This
ievel of exposure represents less than 1/5 of the estimated
ahﬁual dose from natural background source. Based on the above,
it is clear that with this level of releases the plant will be
operating at a level which is a very small percentage of the
existing 10CFR20 regulations. o | .

In order to ensure thaf the design bbjectives are
realized, several modifications to the Indian Point Unit No. 2 |
plant are being made to the radiocactive waste processing systems.,
Several of these modifications represent mechaniéal'modifications

to basic plant equipment where leakage of fluid has been a problem.
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Specifically, modifications will be made to féciprocating
charging pumps to collect leakage from these pumps and return
it to the CVCS and secondly, modified bellows seal assembly is
being proVided on the pressurizer spray valves to eliminate |
the 1leakage being experience& from these components. Both of
these items have been problems on existing piants and only as a
"result of recent testiné and development has it been poséible to
incorporate these features in the Indian Point Unit Ndf 21ﬁlant.
These two specific modifications will reduce the amountyéf
primary coolant leakage, the processing load on the evaporators,
and consequently, the amount of activity being released. | |

In addition, modifiéatioﬁs will be made to the
waste disposal eQaporator and afe presently in design. These
modifications are being made to improve the capacity and to
achieve the decontamination factor as originélly indicated in
the equipment'specification. These modifications are éxpected
alsc to increase substantially the operability‘and consistent
pe;formance of the unit. |

As a back-up measure to reduce the reiease from
the plant in the event the evaporator by itself does hot produce

a sufficiently high decontamination factor, a polishihg deminer~

alizer/filter 1nsrallat10n is belng designed and will be procured .

for waste evaporator condensate cleanup The function of these
units will be to provide additional polishing to the distilliate
from the waste evaporator prior to discharge. Thne polishing

demineralizers will provide an additional reduction in activity
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‘released from the plant and will bé installed in the event the
modificationé to the evaporatof do not proQide sufficient
reduction in activity reiease; |

A charcoal filtration system will be *nstdlled
1n the plant vent to 51gn1f1cantly reduce any. gaseous peleases
of iodine,-which might occur from containment purge in the
event of the existence sf radiocactive iodine in the primary
'\coolant concurrent with primary leakage to containment
‘atmosphefe. | “

| An intertie will be provided between the Indian

Point Unit No. 2 steam generator blowdown lines and the new
Indian Point Unit No. 1 blowdown purification system. This
intertie will serve to significantly reduce liquid releases
in the event of steam generator leakage.

It is aﬁtigipated that the modifications
refefred to in the last two paragraphs will be completed by

the end of the first refueling outage.

SO
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TABLE L
Estimated Liguid Radionctivity Release From

Concentyration
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TABLE 2

Estimated Gaseous Radioactivity Release From
Indian Point Unit No. 2 and Resultant - Site Boundary Dose '

Isotope  Estimated Annual - Integrated Whole, Fraction of -
‘Release p Body Dose MPC
Curies/yr ' mpr/yr

Kr-85 - 5310 | 7 © 0.014

Xe-133 ' L540 6 0.012

Total 9850 : 13 0.026

% = 2.5 x 10°° sec/m3
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"Emergencies don't necessarily happen when the
weather is fine and everybody is home listening to the telephone
so that the question of back-up and organizational changes that
are required because people aren’'t available or communication
isn't just what it is expected to be, might be discussed in
some detail. :

The plan looks like a good one and it is quite
elaborate if everything works out as it is expected to in that
- plan. But if it doesn't work out, what then happens?"

Answer:

The capability td responé effectively to emer-
gencies_dt any time is necessary for the success of an émergency
plan. Tﬁis_need is recognized in Applicant's Radiation Contingency
Plan. Under that plan,‘persons immediatelyiresponsible~for
dealing with the emergeﬁcy (i.e., the Contingency team) are
part of the regular operating shift for the plant at the time
of the emergehcy (see Page 2 of plan). In particular, the
persons responsible for collecting the‘radiological, metéorological
and other information needed to evaluate the emergency are the same
fpérsons assigned around-the-clock duties as licensed Reactor ”
»Opérators, Senior Reactor Opérators,.;nd Health Physics
Technicians. Accordingly, there is no need for home or outside
telephone contact of Con Edison personnel»immédiately requiread
for .evaluation of and response to the emergency condition.

"The communicatibns available to reach the Atomic
Energy Commission'and the responsible agencies of the State of
New “/ovk. are prbvided through 24-hour manned telephone service.

- The governmenfal agencies in turn have available rosters of

persons by name and home telephone who are available. In the
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event of a telephone system breakdown at Indian Point, the
station has available to it radio communications with the.
" Con Edison System Operator who would then make contact with

the individuals and State and Federal agencies involved.

In order to provide up-to-date rosters of
telephone contacts, periodic reviews are performed to assure

current‘information to those responsible for implementing the

plan.

¥
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"But there have been two letters particularly
from Advisory Committee on Reactor Safeguards, one of which was.
October 12, 1966, a letter addressed to. the Chairman of the
Atomic Energy Commission and its consists of some four pages
outlining specific areas in"which the Advisory Committee on
Reactor Safeguards indicated that further research in Government
should be undertaken.

- Now, maybe it has been undertaken. We would be
pleased. to have both the Applicant and the Staff discuss that
letter with specifics on fulfillment of the R&D that probakly
has been undertaken since 1966. We talk about a possible
functional failure of the emergency core cooling system and
other aspects of the entire operations. This does not apply
solely to Con Edison. It applies to all reactors.

oo So I think this proéeeding might give the Staff,
specially, and the Applicant, if it could get the data, an
opportunity to more or less update these areas of concern soO
that the record will show and the Advisory Committee will have
an opportunity to review the transcript as to how the -programs .
have been carried out." " ' '
Answerx

The following are épplicant's’qomments with respect
to fulfillment of R&D undertaken since 1966 relative to the ACRS
letters mentioned above.

. 1. On October 27, 1966, the Atomic Energy Commission
appointed a task force to review the emergency core cooling systems
and core protection. The task force issued a report in 1967
entitled: "Emergency Core Cooling - Repbrt of Advisory Task Force
on Power Reactor Emergency'Coolihg"., Conclusion 12 and Appendices
7 and 8 of this report deal with the subject of molten mixtures
of fuel, clad and other materials and means of handling them.

Additional studies dealing withmolten mixtures

of fuel, clad and other materials and means of handling them have

veen inciuded in a broader program of review and evaluation of the
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loss~of-coolant accident and the emergency core cooling

experimental program started in 1968. The latest quarterly

report from this program which 'is available to us (Reference 1)

lists numerous technlcal papers and quarterly progress reports.

| Design modlflcatlons were developed and incor-
porated in the Indian Po;nt.Unit No. 2 Emergency Core Coollng
System which limit peak ftel clad temperature and restrict
metal—water reaction so that continued efrectlveness of the
Emergency Core Cooling System is assured thus avordlng the
onset of fuer clad meltlng. ‘These modifications are increased
capac1ty of the Emergency Core Cooling System by the addltlon

of a pressurized accumulator to each ‘coolant loop plus valving

-and piping changes which provide capability to maintain core

cooling and containment cooling in the eyent'of,a passive'
failure in the safety injection system or service water system
for the long term-after a loss of coolant.

. 2. The PWR Full- Length Emergency Coollng

Heat Transfex (FLECHT) Program was authorized by the AEC and
performed by Westinghouse with objectives to obtain experimental
fiooding deat transfer data under 51muraced ioss-of-coolant

accident conditions for evaluatlng the heat transfer capa~

ilities of pressurized water reactor emergency core cooling

systems. The tests investigated the effects of peak power;

power decay rate, maximum initial clad temperature, constant

and variable flooding rates, inlet coolant subcoocling, pressure,
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flow blockage, borated coolant, and clad material. 'Bottom
flooding heat transfer tests were conducted on full-length
rod bundles. The tests studied transient heat transfer (
coefficients and clad temperatures, axial and radial pressure

drop data, .local coolant'temperatqre and measurements -of

carry-over water.

Tge test results have verified the basic
assumptions used'in currenf‘reactor loss—of;éoolant éécident
analysis,:in particular,vthe effebtiveneés of bottom flooding
and the impoitance of liqﬁid entrainment as a heat transfer
mechanism, lA compilatiod ofvwotk pérformed under this program
up to January 1970 has been published in References 2 through‘S.

3. The development of practical systems for
.periodic.inspeétioﬁ of Reéctor Vessels was.implemented by ANSI
»\N45 Committee sponsored by the ASME as well as the Edison
Eiectric Institute/TVA sponsored program carried out under
contract to Southwest Research In;titute, The efforts of the
N451Committee resulted in the formal adOption by the ASME in
January, 1970 of Section XI as a pr;ctical'method for inspection.
The progfam sponsored by EEI/TVA relating.to Reactor Vessel |
tésting and .inspection (RP79)'waslauthbrized in 1967 with com-
pletion of this program schéduled during 1972. A compilation
éf work perfo:m¢d‘under this program up to January 1, 1971 is

listed in Reference 6.
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4. A program recommended by the Pressure

Vessel Research Committee was implemented in two parts. A

very large program, khown as the.Héavy Section Steel Technology

' Program was funded by the AEC and administered by ORNL. This

program uhaertook the developmental work necessary to improve

the knowledge of fracture, léading tonxnxrpoéitive'assurance

of pressure vessel séfety. This program inclﬁged very significant'
efforts in the development of fracture mechaniéé technology,

test methods,‘anélytical procéaures, material property deterx-
minations, and crack propagation behayior. ~The latter.also
included radiation effects programs. It has.been described in
detail in References‘7 through 9, and results have been

published in semi-annual feports, References 10 through le.

The second part of the program, called the Ihdustry CQoperative
Program; undertook to evaluate better £he properties of pressure
vessel steels in heavy sections. Sémples of many. plates and -
forgings being uséd for Reactor Pressure Vessels were tested to
determine the variation in properties that cduld be expected

from place to place and through the thickness of actual production
material. Another aspect of this program was to evaluate the
adegquacy of the‘non-destructiVe e#a@inaﬁion procedures used to
assure the integrity of veséels. :Pléte, forgings, castings and
welds are‘included in this study. Results of this work are
included in <the reports of p:bgress of fhe‘Weiding Research

Council. Reference 17 lists the results of numerous papers.




Quéstion No. 11(J) (Tr. 690) - ASLB 3/24

Extensive work on fracture analysis and
irradiation effects has also been accomplished at the Naval
Research Laboratory funded by‘HSST and other AEC programs.
Pertinent papers are listed in Referehces 18 through 24.
Westinghouse and éhe-Empire State Atomic Development |
Associates. (ESADA) have also participated in this work;
results of these efférts have been technically incorporated
into the HSST réports;

| Additional efforts to understand fracture
have been proceeding at Universities) such as Lehigh and the
Colorado School of Mines. Private industry has also'carried
out extensive work with its own funds, publishiﬁg its results
in various symposia andbin conjunction with HSST Program.
Further References 25 throﬁgh 34 are givén wherein results of
this large body of workvafe reported. Some of these references
contain many technical papers dealing directly with the results
Of the work discussed above.

Generally, it has been found that the effect
of thickness can reédily be handled by either transition tem-—
peraturé or fracture méchanics approaches. Variations in

properties have been found to be well within the allowances made

i

or them. Crack propagation rate studies have shown that present

criteria are very conservative..
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The extensive work on assessment of radiation
effects has also shown that the cﬁanges in préperties can be
accurately predicted and will not be detrimental. Several’
different_épproaches to setting safe operating procedures haye
been developed. These all result in similar criteria, giving
additional confidence that the subject of fractﬁre is well under-
stood, and therefore can be prevented.

| 5. The hypothetlcal large react1v1ty 1nsertlon

accident whlch is postulated for Pressurized Water Reactors is

the Rod Ejection Accident. This postulated event, in which a rod

‘v

- control clustervis rgpidly ejeéted_frdm the reactor core, would
cause a strong reactivity insertion and a dynamic powef redistri-~
bution. | |

As is shown in the FSAR, the hypothetical
ejection of a control cluster from the "full power" configuration
or from the "zero power" configuration does‘not lead_to over-
piessurization of the primary system or to gross fuel melting.
This FSAR analysis relies on methods which agree with the
appropriate Spert experiménfs. Analytical techniques described

' in Reference 35 show that the methods used in the Rod Mjectlon

analysis are conservative in comparlson with more recently

elo

’U

ed spatial kinetic transient analyses for cases of

b
r
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Westinghouse has developed space—dependent
kinetic computational capability. Methods are now in use which
treat three space dimen51ons, two neutron energy groups, fuel
temperature "local" feedback, and tran51ent water denSity "local"
feedback. Suffic1ent spatial detail is now practical to allow
detailed analyses of_such events as Rod Ejection. Other effects
vwhich are of special interest, in certain unusual cases, are |
also modeled directly, e. g., non-unity importance of. delayed
neutrons, and .spatially varying delayed neutron yield from
fission. These methods are related to the WIGL codes (Reference
36) although separately developed and give accuracy/stability :
performance equal to that of the W- R method, Reference 37. These
advanced methods, by allowxng direct engineering analy51s of
transients in which spatial effeets are important, reduce the
uncertainty in the study_of%reactivity accidents. 1In addition,
the Westinghouse spatial kinetic models are direct extensions
'or'the Westinghouse spatial static models which have been con-
firmed by reactor operating experience and are reconfirmed in
each reactor by startup'physics tests and periodically~repeated
physics tests.

Experimental results from the planned PBF
test program, as to fuel failure modes and fuel failure pr0pagation
modes (if any), while of definite 1nterest, are not essential to

the ueSiqn ana safe operation of Westinghouse PWR's. Even when
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subjected to hypothetlcal 'Rod Ejectlon react1v1ty insertions
from full power to zero power, the PWR is inherently limited
by conservatlve de51gn to staylng below the p01nt of gross
fuel meltlng or s:.gnlflcant prlmary pressure surges.

6. Stronger steels were not required for the
Indian Point Unit No. 2 reactor vessel. The materials used
(see FSAR Section 4) were those for which a wealth of data
and exprience already existed. | . )

7. ‘In 1914, the American Society of Mechénical
Engineers first published its boiler\code for use by inéuStry.
Along with this first code, variogs ASME sub-committees were
established to remain abreast of industrial experiehce and
developments ln several areas 1nclud1ng design, fabrication,
inspection and testing. Members of these sub-committees are
selected from both industry and government (i.e., Insurance
Companies, Manufacturers, Utilities, Designers, Regulatery
Bodies) with careful attention given to a proper balance of
representation amongst the participants. Each subcommittee
member is, of course,_active in his particular field. This
results in aggressive action by all committees to maintain the
particular segment of the code as current and viable as possible.
Recommendations are_made-by individual members on a continuing
pasis as advances in technology are madeeor as other specific

requirements arise. As a result, commercial experience on both
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llnuclear and non-nuclear coﬁponents is considered on a current
basis with applicable codes'and fegulatlons»being updated /
frequently. The nuclear codes are an outgrowth of these recom-
mendations and review work, recognizing the additional require-
ments of public safety introduced‘by the advent of commercial
nucleaf power;,”

8. The Plutonlum Recycle Program was: 1n1t1ated'
in 1964 to ensure the de51gn, fabrication, and operatlon of
plutonlum recycle fuel on a commercial basis as well as iden-
tifying safety- related problems associated w1th1n thlS type of
fuel.. The program 1ncludes.fogr'years of'operatlon and post-
irradiation examination of'Saxton'plutoniLm fuel, two joint
projects with the Edison Electric Institute, crlticality
studies for Empire State Atomic Development Associates (ESADA)
and operation of the Weetinghouse Plutonium Fuels Development
Leho;atory (PFDL) which was completed in 1969. 1In addition,
desién and fabrication development work is being conducted by
Westinghouse‘ This‘includes fabrication'of plutonium fuel
reload assemblles in the development laboratory durlng 1971-1974,
plus. the design and development work leadlng to constructlon of

a commercial plutonlum.fabrloatlon-plant during thls_period.
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The first part, ‘the Saxton Plutonium:
Program, was a joint effort with the AEC and the Saxton
Nuclear Experimental Corporation from its inception in 1964
until mid-1970 after which it was éuppofted complietely by
Westinghouéeo This part of the program has two basic cbjeq—
tives: to demonstrate perfbrmance.of'mixed oxide fuel'at
. linear power and burﬁup levels consistent with modern PWR
technblogy; and to obtain design information on depletion and
'transuranié isotope generation characteristics of plufoﬁium
fuel at higher burnup. |

An extensive Core II post-irradiation o
program was completed in early 1970. The éeak burndp evaluated
was 29,000 megawatt days per ;onne (MWd/t’; Saxton has continded
to operate satisfactorily since starting:Cdre III power operations
ih December 1969. Since fhen, a significant number of pilutonium
rods have operated at 19 kW/ft. Burnup for this fuel has achieved
44;000 de/t, demonstrating the peak power and burnup levels
required for modern PWR's. |

The EEI-Westinghouse Plutonium Utiiization‘
Study combined with_the.ESADA—Westinghouse Critical Experiments
(1566-68) was the next part of the program. This EEI Project
RP72 Phase I program was primarily an analytical feasibility
study of the technical and économié parameters influencing the

use of plutonium in a PWR.

-10~
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The EE15Westinghouse Pluﬁonium Recycle
Demonétration Program was undertaken (EEI=Projéc£‘RP—72) uﬁder-
Support of the AEC, Contract (30~l)~4167, to license,‘operate
and evalua@e'a repreéentative number Oof plutonium fuel rods in
the San Onofre reactor. Thié dembnstration experience under
actual utility,operaﬁing conditions will complement the,' |
material and deSign recycle information being generated in the
Séxton test reacﬁor, AEC Contract AT(30—1)—3385. In order to
achieve a meaningful demonstration, Westinghouse first determined
the characteristics of future comﬁercial recyéle fuel, Eésedion
technical and economic comparisons of varioﬁs recycle. methods
for'the Indian Point Unit No. 2 design. The comparisons.
included core power-distribution calculations, plus an in-
depth analysis of reactivity coefficients and control reguirements.

Four demonstration assemblies were loaded in
the San Onofre reactor in October'aﬁd the reactor returned to
fuil power in November 1970. Currently, these assemblies have
achieved a burnup of 3,000 MWd/t. On site tests and inspectiéns
at San Onofré, plus post~irradiation examinaﬁions by W, are
planned startihg in 1972. Based on the results of these demon-
stration programs, no safety probiéms are anticipated fo:

plutonium recycle in pressurized water reactor plants. Progress

H
cf

the program through Decemberv1970‘is described in Reference 38.

o 2 S
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9. Methods for detecting leakage in primary
fcoolantbsystems of reactors already existed at the time of the
October 12, 1966 ACRS letter. 'ﬁowever, as a result of work
performed by Westinghouse in 1966, an additional method
{described in Suéplement'7, PSAR).deterﬁines total leakage
of steam and Water systemg,inside'cbntainmént by measuring
the condensate colleéted By the containment cooling éoils.
Several other W ?reséurized Water Reactor Piants now utilize
thié‘method. With this method) indian Point Unit No. 2 has .
four methods available for early detection of small leaks.
These methods with sensitivities and basis for design are
described in Section 6.7 of the FSAR. |

| 16. Studies of dilution, dispersion and
transport of 1iquid radioactive wastes have been conducted for
the Hudson River and are reported in the Indian Point Unit No. 2
FSAR, Section 2.5. Other such studies, necéssarily site-
dependent, havé also been conductéd by others. for other plants

as part of normal efforts to obtain AEC regulatory staff

licensing approval.

-12-
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