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Introdugtion

Consolidated Edison Company of New York, Inc, aﬁplied for a construction
permit on December 6, 1965, for a 2758 Mw(t) nuclear power plant., The proposed
pressurized water reactor will be the second nuclear unit to be located at the
Indian Point site. The existing PWR, Indiaﬂ Point Unit No. 1, has a thermal
‘ :aﬁing of 615 Mw(t), Meetings between the applicant and the Division of Reactor
Licensing staff were held on’January‘17—18. 1966, and‘;dditional information was
requested by letter dated Febrﬁary 28, 1966, The applicant expects to file the
requested information about March 31, 1966,

This report discuqéés the status of the staff's review of this project
with respect to: (a) site charaéferistics related to locating a large PWR at
the Indian Point site, (b) those'design features (containment and engineered
safeguards) which are included'to cémpeﬁsate for the relatively high population
density, (c) the accident analysis; and (d) other related topics, The proposed
facility is being considerednﬁy”the:Committee at this time for information
only, An ACRS Subcommittee megting at the Indian Point site is scheduled for
March 30, 1966, and we antiqié@té a sécond full Committee meeting in June,
Discuséigg

The power level of the proposed Indian Point II reactor is considerably
higher than any previously reviewed pressurized water reactor (preQious high
was Connecticut-Yankee at 1473 Mw(t)). The reactor is similar to the San
Onofre, Connecticut=Yankee, and Brookwood facilities in most respects as
regards general design and operating objectives, The reactor will be located
at the Indian Point site which is in a>region of fairly dense population;
therefore, the applicant has proposed an improved containment design along

with other engineered safeguards which it believes can adequately limit the
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pdtential off-site doses in the event of the maximum credible accident,
The proposed conﬁainment (reinforced concrete with a single steel liner) is
similar to Connecticut-Yankee, but will be designed to preclude leakage
through all known potential leakage sodrces uhde:”accidént conditions,
A, Site Characteristics

The Indian Point site comprises 250 acres owned by the Consolidated
Edison Company of New York, Inc, and is located on the eastern shore of the
Hudson River in Westchester Countyngew Yotk; The site is located 2,5 miles
from the center of Peekskill, N, Yq and aﬁprpximately 24 miles north of New
York City, The current‘Peekdkillfpopnlg;iop’ias}9,000 within an anticipated
growth to 30,000 by 1985, The population in the vicinity of the site is
as follows: o

Cumulative Population

Digtance : , 1960 "~ 1980
0,5 mile 46 100
1 - 1,080 2,110
2 10,810 20,910
3 29,630 59,520
4 38,730 78,860
5 53,040 108,060
10 155,510 ° 312,640
15 326,930 670,210

The minimum exclusion distance for the Indian Point site is 0,32 @iles

C—

W

center is 0,87 miles (1400 meters). In view of the short distances involved

(520 meters), The nearest boundary of Peekskill, the.hearest population

~ in this case, it is evident that the specifics of 10 CFR 100 are not too
meaningful. . For this reason, we have elected to evaluate off-site doses
at 0,32 miles and 0,67 miles, which are the distances assumed by the applicant

for exclusion distance  and low population distance, respectively.
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The meteoroclogical parameters for tﬁe Indian Point site have previously
been determined by on-s;te measurements in conjunctibn with the operation of
Unit No. 1. This study provided the diffusion coefficients (Cy, Cz, n) for
various lapse conditions, but not under inversion conditions. These measure-
ments indicated that inversion conditions exist at the site about 42% of the
time, Accordingly, in evaluation of accident consequences the applicant has
assumed the parameters recommended for inversions in TID=-14844, with a
modification for the effects of building wake, to determine the atmospheric
dispersion for these conditions,

We have received the'éommgnts from the U. S. Weather Bureau concerning
the site meteorology, and it hasIAOnéludedé X"Inqsummary the computedv
atmospheric dispersion factors for both the short term and long term accidents
are realistic and somewhat conservative in light of the meteorological con-
ditions observed for a year's period at the site meteorological tqwefo"
Accordingly, we have used the diffusidn farameters presented by the applicant
to compute the potential‘offssité doses given later in this fe?@rto

Comments have not yet been received from the staff’'s consultants con~-
cerning the hydrology, geology and seismology of the Indian Point site, We
anticipate no problems with respect to hydrology, geology, or seismology.
With respect to seismology, we understand that the USC&GS intends to recommend
a maximum earthquake acceleration of Oolg‘(wichout loss of function) which
agrees with that proposed by the applicant,

B, Céntainment
1. Design Description
The Indian Point containment is a reinforced concrete structure having

a single steel liner and is designed for a reference incident pressure
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(design pressure)_of 47 psig, The containment penetfations have been designed
to preclude leakage following the‘pOStulated maximum credible accident, In
the following section, the pressures resulting“f;bm various potential energy
inputs to the containment atmosphere are discussed, It should be noted that
the containment stresses will nof éxéééd 95% of §ield for accident pressures
up to 70 bsig (1.5 times design preésure)'with no ‘earthquake, or 59 psig
(1,25 times design pressufe) with a simultaneous earthquake of intensity
1.25 times design acceleration of‘Oglg; The freeﬁvolume of the containment
is 2,61 x 109 cubie feat,

The following syéfems have been pfovidgd'to limit containment leakage:

.a.: Pgnetrgtidn Pressurization qutém ; The containment liner penetrations
are designed with double Seals‘tb permié coﬁtinuous pressurization during
plant operation. The‘épa;e bé;ﬁ;ééw§héidéu§}e seals will be céntinuously
pressurized to,approximatel& 50 péig‘fc éﬁélude"ouciéakage under accident
conditions, Pressurization will be provided by air compressors with a gas
bottle system as backup if poéer is lost. The gas consumption of the system
will be continuously monitored and recorded, and will provide continuous
verification of system integrity. Individual sections can be isolated to
permit the location of leak;ng components, The penetration pressurization
system is a new containment feature proposed for this facility.

be Isolation Valve Seal Water sttem'- This system is designed to
provide afﬁqater leg in lines penetrating the contaimiént to eliminate possible
ldakage p§Fhs through pipes and valves to the atmosphere. The water leg is
established using gas bottle pressurization to eliminate system dependence
on electriééi power, This system is not provided for closed piping systems

inside the containment (ones which do not connect to the containment atmosphere
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or a sdurce of radioactivity within the containment) that are’'designed for
pressures above design ptessu*g and are provided with missile protection,
This system is similar to the one proposed for ﬁhe Malibu containment,
| co Containment Liner Joint Integrity - All containment liner joints
will contain testing channels to permit periodic verification of weld
integrity (continuous pressurization can be provided, if required), Pres=-
surization for this systemrwilllbe providéd b&ithe penetration pressurization
system, | &

Westinghouse has stated that the proposed Indian Point II containment
ié superip: from a leakage‘viewpoihfzto the double containment proposed for
Malibu, They'beiieve that by operating'the pénetration pressurization system
at a differential préssure of 50:psig. greater assurance against outleakage
is provided than with the pumpBack system which proVided only a slight
negative pressure (10 inches of water) in the popcorn concrete zone between
the two containment liners, The staff is not yet in a position to evaluate
the relative merits of these systems since additional information requested
concerning operation of the penétration pressurization system and identification
of all lines that will and will not be provided with the isolation valve seal
water system has not yet been received (See question No, 19e of our letter
of 2/28/66), |

2, Containment Design Requirements

The applicant has presented a sﬁudy of the containment pressure after
an assumed double-ended rupture of the largest primary pipe for the cases
listed below., The examples are listed so as.to emphasize what the applicant
.believes falls within the range from typical to worst cases which should be

considered,
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a, All components of the safety injection system, containment spray,
containment ventilation fan coolers operate., A 1% Zr-H,0 reaction
occurs resulting in a peak pressure of 40 psigo

bs No engineering safeguards operate (i.e., no safety injection, no
spray, and no fan coolers), A 33% Zr-H20 reaction occurs resulting
in a peak pressure of 42 psig, :

¢o Safeguards driven by 2 of the 3 emergency ‘'diesel generators. A
4,7% Zr=-H20 reaction occurs resulting in a pressure of approximately
40 psig, : _

do Delays in initiation of safety injection for arbitrary delays up
to 15 minutes with and without some engineéered safeguards, No
mention of amount of Zr-HzO reaction; a peak pressure of approxi=
mately 45 psig, .

e, Same as above but it was also assumed that hydrogen gas released
by the metal-water reaction accumulated and then burned (rather -
than igniting spontaneously)o No mention of amount of Zr=H20
reaction; a peak pressure of 56 psig,

It is obvious that'meny'a&diéiqnal cases could have been examined,

such as situations with the edﬁtainment spray system operating, but not the
ventilating fans, and situations involving a range of Zr-H20 reactions, The
containment pressures fesultiﬁngfQALthese analyses would cover a wide scale
of values including ones well above ‘design, In fact, given the amount of
energy, water, and zirconium available in the Indian Point II system and
combining them at the appropriate time, it is not difficult to envision
insurmountable containment problems = combining them at other times obviously
can lessen the consequences,

In addition, because of the use of computer codes by the applicant
which employ various analytical models (not necessarily verified by
experimentation) and which incorporate various assumptions at different
points in the analysis, it is difficult to determine the conservatism or

relative importance of the various parameters involved in the cases that are

examined, In view of the preceding comments, the staff is attempting to

OFFICIAL USE ONLY



L @FFICIAL USE ONLW

= 7 -
develop an approach based on epergy_considefations which it believes may
allow a better pérspective in which to jgdgq the maximum containment
pressures that could arise and the negdé-eff¢gt,'and;marg1n of safety
provided by certain engineering safeguafdsg 'In line with this approach,
we have asked the applicant to (See question No, 4):

(1) Indicate the total energy available from all primary and secondary
sources including decay heat and 100%Z metal-water and hydrogen
recombination reactionso'

(2) Show the fraction of each of the componént heat sources in the
containment atmosphere as a function of time and show the  energy
the containment’ and structures can absorb as a heat sink as a
function of timeo

To indicate how we will use the type of information we expect to

ohtain, the staff has'caiéulatéd the initial containment pressure following

a loss of coolant accident utilizing all energy sources available before

the blowdown,

- B . % of Total Total Cumulative

Energy Source Energy=BTU Available Pressure-Psig
Primary Coolant 3,09 x 10° 78 38,6
Internal Core )

Energy Available

for Transfer 0,20 x 108 5 41,8
Excursion Due to

Positive Moderator

Coefficient (S1

Insertion) 0,027 x 108 1 42,2
Secondary Coolant 8

(one loop) 0,62 x 10 16 49,6

The staff has also calculated the energy available after the blowdown,
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Energy Source Energy-BTU % qf Total
Primary System 3,09 X 108 48,8
Zr=Hy0 (100%) 1,23 x 108 19,4
Hy Recombination 1,0 x 108 15,9
Decay Heat (30 min,) 1,0 x 108 15,9
(10 min,) 0.4 x

108 -

Based on the preceding':eéults we éhésé to calculate the increase in
containment pressure which wéuld result from an initial blowdown energy of
41 psig (approximately what the applicant calculates) followed by varying
amounts of Zr-H20 reaction resulting in hydrogen recombination. The results
are based on the assuﬁﬁtioh of n6 héat.losses'to the containment or other
structures and ﬁsés the éneigy,aVailéble from the hydrogen recombination
to superheat the containment atmosphere’ (the Zr=-H20 heat as well as decay

heat energy remains in the reactor vessel).

. L . Energy to Containment .
Z Ho Recombination Containment-BTU Pressure-psig
10 0,1 x 103 | 48,5
20 0.2 x 10 56
33 0,33 x 108 66

The applicant in contrast to the above assumption of no heat losses
to the conﬁainment and structures has examined a 33% Hy recombination case
assuming only heat losses to the containment and structures (see page 6,
Case b), For this condition the pressure remained relatively constant for
the first hour indicatiﬁg the energy abosrbed in the containment as a heat
sink equaled the energy available from the Hy soufceo This ex#ﬁple appears
to indicate that (1) the assumptions used in calculating the energy absorbed
b&_the heat ginks for this case, or engineefing safeguérds in other situations,

are cfitical_in determining the containment pressure, and more importantly
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(2) the amount of_Zr-ﬁzo reaction occurring as a function of time is of
prime significance since the heat sink capability may not be sufficient
for short reaction times, There is sufficient decay heat, given the proper
mechanism, to raise all the clad to the Zr-H,0 reaction temperature in 7
minutes, This being the case, the Zr~H20 reaction assumed to occur should
properly be used in a pafamétfic study with the time for the given amount
of reaction being varied. ‘We expect to réview the answers to our questions
with the aforementioned comments in mind, and with the thought of requiring
the applicant to ﬁrépafé coﬁtéihmeﬁt capability curves which would show |
the containment.prégsufes resulting ffom a given me:gi»ﬁéter reaction
occurriﬁg over QarfousAtihe intervals:witﬁjthg engrgi absorbed in the heat
sinks and removed by the safeguards as an additional,parameterO
C. Accident Analysis |

With the assumption that leakage from a containment building is to
be expected at the penetrationg° the Indian Point II containment has been
designed to have essentially negligible leakage following the assumed
double~ended failure of the largest primary pipe. If this can be demon=
strated; the only engineered safeguards that would be required are those
necessary to prevent overpressurization and subsequent failure of the
containment, Safety injection, containment spray and air recirculation
systems have been provided to perform this function (similar to Brookwood
and Connecticut=Yankee), The design criteria of these systems are that
containment integrity shall be maintained under all credible accident
conditions,

The verification of negligible containment leakage under accident

conditions may be difficult to demonstrate experimentally because of the
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limitations of current leakage measuring techniques. As a result, the
applicant has prdvided two iodine removal systems to limit the potential
off-site doses following the MCA, Caléulations of the effectiveness of these
systems assume a containment leakage rate of 0.1%/day at 47 psig. These
systems are the internal air filtration systém (impregnated charcoal
filters) and the containment Spray system. A chemical reagent gspdium
thiosulphate) will be added to the containment spray water to aid removal

of elemental forms of iodine, The chemical additive is also a new feature
for this(facility and should improve the effectiveness of the spray system,
The system is designed to provide iodine removal equivalent to that provided
by the internal air filtration system,

The potential off-site doses following the MCA have been calculated
by the staff to indicate the dégree of iodine removal required (filter
efficiency) to meet the siting criteria suggested in 10 CFR 100 under the
following assumptions:

Power level - 2758 ‘My(t)

Equivalent 1131 available for leakage = 3.2 x 107 curies
(25% of total inventory)

Unfilterable iodine - 5%

Fan capacity - 650000 CFM each, 4 of 5 operating

Recirculation rate = 6 containment volumes per hour

Filter efficiency = as indicated

Containment leakage rate = (ground release) 0.1%/day for
first day, 0.045%/day for next 30 days

Flow bypassing filters = 10%

Credit for building wake effects

The following is a comparative tabulation of the potential off-site
doses using various combinations of the calculational model and filter

efficlencies, To account for building dilution, the model suggested by

Gifford & Fuquay has been used,
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Integrated Thyroid Dogse (rem)
Site Boundary - -Low Population Distance

(520 meters) (1100 meters) ,
Filter

Condition Efficiency (%) 2 hr, 30 day

TID-14844 assumptions
on meteorology and
constant 0,17 leak-
age rate (no credit

for building wake) 0 2,390 39,000
Assumptions as
- .stated above 0 870 3,250
‘ 30 300 *
45 * 300
90 130 ‘ 230

* Not calculated

The above table indicates that a filter efficiency of 45% is required
to limit the low population (30 day) and exclugion distance (2 hour) thyroid
doses to 300 rem or less, These dqses would be considerably lowered by
functioning of the containment'sprayvsystgm and by functioning of the contain=-
ment pressurization system,- The éélcﬁlaced doses are a direct function of
the percentage of iodine assumed to be unfilterab1e§ Fotiexample9 by
increasing the unfilterable fraction from 5% to 10%, ‘the 30 day thyroid
dose at 1100 meters (assuming a filter efficiency of 90%) is increased from
230 to 3801rem° We believe that the assumption of 5% unfilterable iodine
is acceptable for calculational purposes for Indian Point II. (it was also
assumed for Brookwood), but have requested that the applicant provide ani
analysis of the available experimental data in this area. (See Question No. 6)

We recognize that the containment vessel may not be the only source of

leakage of radioactive material under MCA conditioms, Accordingly, we intend
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to evaluate the off-site doses from all potential sources of release of
radioactive matefial as our review progresseso. (See Question No. 9)

The following tépics are areas in which the staff believes that the
Indian Point II facility represents a significant extrapolation from the
Brookwood facility design or are worthy of special congideration due to the
size and ;ocation of the reactor,

1, Thermal Analysis - The Indian Point II reactor, besides having
the highest power rating of any proposed or currently licensed reactor,
has many thermél and hydraulic‘paraMeters which are clogser to design limits
than for previous cases, Table I compares thesé pa;ameters for the Indian
Point II, BrookwoédD and San Onofre reactors,

'TABLE I

COMPARI SON Og THERMAL & HYDRAULIC PARAMETERS

‘Indian Point II Brookwood San Onofre
1, Maximum Specific Power, 18,5 16.7 15,0
Kw/ft _
2, Maximum Heat Flux 571,000 518,000 463,000
BTU/hr-ft2
3, Average Heat Flux .
BTU/hr-£ft2 175,000 152,000 143,000
4, Average.yass Velocity |
1b /hr-ft 2.6 x 100 2,43 x 106 2,02 x 106
5, Core AT, °F 57 54 49
6, Number of Fuel Rods 40,000 21,000 28,000
7. Core Equivalent
Diameter, inches 134 96 111
8, 'DNBR at nominal conditions 1,81 1,90 . 2,07
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. : Indian Point II Brookwood San Onofre
9, Hot Channel Factors 3,25 3,41 3.23
10, Maximum Overpower, % 112 112 118

In addition, the W=3 correlation used to predict burnout represents a
"best=fit" of experimental data at pressures, geometries, and lengths not
found in the Indian Point reactor, Based on the applicant’s statistical
analysis of the data points, at a DNBR of 1,3 there is a 5% probability of
DNB occurring; at a DNBR of 1,49 there is a 1% probability; and at 1,77 there
is a 0,17 probability,

We believe the applicaﬁt's presentaﬁion of thermal analysis results
(i.e., statement of nominal and transient DNB ratios) does not allow an
assessment of the conservatism of the proposed design. We have asked the
applicant a series of queStioné‘(Seé Question No, 5) which are expected to
result in information to allow us to ascertain more clearly the condition
of the core during nominal and overpower conditions, and the required power
level increase before significant fuel damage occurs. In particular, we
have asked for a distribution curve showing the fraction of the core operating
above various power levels with their corresponding DNB ratios for the design
and overpower conditions, and an indication of how many channels require only
5Z additional power to cause bulk boitingo We have asked the applicant to
estimate whether any fuel rods approach design limits (e.g., DNB or center
fuel melting) at a hypothetical 125% overpower condition. Finally, we
have requested the applicant to arbitrarily raise the hot channel factors
in heat flux and enthalpy by 10Z and report the resultg of its thermal

analysis for assumed conditions of 100, 110, and 125% of nominal power, With
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this information we will be able to assess the conservatism of the
;hermal design.,

2, Reactivity Accidents - The stgff.has reviewed the applicant’s safety
evaluation of the effects of plant abnormalities and transients, and because ’
of the lack of any specific information we have requested evaluations to
support PSAR results for the st#tfuﬁiacci&ent, steam line rupture, refueling,
and control rod cluster éjeétiSn aéc;déﬁt-(Seé Qdéstipn No., 11), The staff
believes the applicant has not fully evaluated the consequences or possible
mechanisms of a massive reactivity excursion, In particular, we believe the
applicant should evaluate (1) the type of damage which could result from
energy releases within the reactor vessel (i,e,, rupture of the primary
system boundary or massive fuel rod failures), (2) the required energy to
initiate such failufe, (3) the feactivity insertioh (ramp or step) which
would produce the réquired énergyb and (4) the possible mechanisms for
inserting the reactivity.

The applicant's assumption that no reactivity insertion considered
causes a potential safety hazard does not indicate how close their calculated
situation is to a severe accident condition.

In line with this, we have requested the applicant to consider cases of
hypqthetical réactivicy insertions considerably greater than that which it
has assumed for the ejection of a single control cluster, and to consider
the generation of curves that relate reactor period to (a) integrated
excursion energy and (b) average fuel temperature (See Question No. 11),

We have also asked the applicant to state and justify the energy required

to initiate failure of the primary system boundary and to state possible
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mechanisms to provide this amount of ehetgy By reactivity insertion (See
Question No, 3L)°' ﬁe expect the applicant to 1ndicatg, for the situations
examined, the reactivity inserted and the reactivity worth of the shutdownv
mechanisms (e.g., Doppler and void) showing at least some sort of parametric
survey to account for uncertaintiés;in"ihese'shutdown'méchanisms (eoBoyp
moderator coefficients'ﬁhicb could bé'pgsitivé or negative and scram delay
times), o |

3. Xenon Oscillations - Spatial instability due to xenon oscillations
is a function of the uniformity of the core power distribution. The applicant
has stated that the core ﬁill be stable early in life but as burnup progresses
and axial flux ﬁéakiﬁg is reduced, calculatioms indicate that a xenon oscillation
may occur, The applicant beiieves the in%cdre and out-of=core nuclear detectors
will detect this oécillatian and rod\insertion can be used to maintain the core
within safe limits, We be}ieve'thé applicant has not fully presented the
possible magnitude'or'grfor’inbdétérmination of the xenon oscillation, or
demonstrated that he'haé‘féctdredzphis_into his safety analysis by using
appropriate axial flux shapes, for example, in his thermal analysis calculations.
The applicant hag been requested to provide experimental evidence to indicate
the sensitivity of the external ion chambers to changes in the axial and radial
flux distribution (See Question No., 14F),

4, Plant Interaction - The proposed facility will be the second PWR
tb be located at the Indian Point site., The staff recognizes that some
interaction between the two reactors may exist, and has requested the applicant
to discuss the relat;on to nuclear safety of any systems or equipment that Qill

be shared by both facilities (See Question No., 17).
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From our review thus far, it is evident that the Indian Point site and

size of Unit No., 2 pose special safety considerations relating to containment
and engineered safeguards for the former and to thermal and accident analyses
for the latter. However, based 65 the information thus far presented in the
application and considering the undefstandiugideveloped in meetings with

the applicant, we do not foresee any insurmountable problems with the design
and construction of Unit No. 2., We expect to be in a position, following
receipt and evaluation of the requested information, to be able to fully
discuss, in Report No, 2, the overall acceptability of the applicant's propggal

to design and construct the Indian Point II reactor.
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