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1.0

1.1

INTRODUCT ION

General Background

v

This is the Atomic Energy Commission's (Commission) Safety

Evaluation Report relating to the application of the Consolidated

Edison Company of New York, Inc. (the applicant or Con-Ed) for a

1icense to operate the Indiaﬁ Point Nuclear Generating Unit No. 3
(Iﬂdian.Point 3)L

‘The applic;nt by application dated April 26, 1967, and as
subsequehtly amendgd, requestéd-a license to conétruct and operate
a pressurized water reactor, to be known asAIndian Poinf Nuclear
éenerating Unit No. 3 to bé located in the town of Buchanan, New York
about 24 miles north of New York City. The Cdmmission reported the
resulﬁs of its comstruction permit review in its SafetyﬂEvaluation
Report daged February 20, 1969. Following a public hearing béfqre an
Atomic Safety and Licensing Board in Montrose, New York on May 15
l969,vthe Dirgctor.of Reactor Licensing issued provisional conétruc—'
fion permit number CPPR-62 on August 13, 1969.

On December 4, 1970, the applicant filed, as Amendment No. 13,

the Final Facility Description and Safety Analysis Report* required

'by'Section 50.34(b) of Chapter 10 of the Code of Federal Regulatidns

(10 CFR) as a prerequisite to obtaining an operating license.

The current application requests an operating license of 3025

megawatts thermal (MWt), equivalent to a net electrical output of

*Throughout this safety evaluation, the Final Facility Description and

and Safety Analysis Report is referred to as an FSAR as in the Final
Safety Analysis Report.



about 965 megawatts. This is the séme power level requeéteé in the
initial application. |
The radiolbgical séfety reviéw with'fesbect to a décision con-

ceiﬁihg issuanée of an-operating license fér Iﬁdiéﬁ Point 3 hés Been
based onAthe‘applicant’s Final SafetyiAnaiysié Repbrt (Amehdmént 13)
and'sﬁbsequent Suppiehents one through él inclﬁsivé, alltof whiﬁﬁ

are available at the Atomic Energy Commission's Publié Docuﬁeﬁt»

Room at Ifl7'H Street, N. W., Wéshiqgton, D. C. and'atithe Hendrick
Hudson Free Library; 31 Albany Post Road} Mbntrose; New York. In

the éoﬁrse‘bf the review of thé material shbmitted, nﬁmeroué ﬁeétings
wefe heldlﬁithvthe aéplicant, the nuclear steam systém sﬁppliér,.
Westihghoﬁse Electric Corporation,ana the applicént's archiieétQéngineer,
United Ehgineers and Constructors, to diéﬁuss the plaﬁt design;
construcfioﬁ, and.the propdsed~6peration, Aé é coﬁseqhéﬁce, addi-
tional inforﬁationrwas reduested which the applicaﬁt ﬁrévidéd in
certain of the supplements. A chronolégy of tﬁe prinéipal actiéns
relating to the processing of the application is atfachéd as Appendix
A to this Safety EvaluatiénQReﬁbrfg

| This Safety;Evaluation Report summarizes the results of the
rédiological safety review of Indién'Poiﬁt 3 performed by the
Commission's Regulatory étaff..
This Safety Evaluation Report aléo delineates the scope of thg

technical details considered in evaluating the radiological safety
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aspects of the proposed operation of the Indian Point,3 facility.
In accordance with the provisions of 10 CFR Part 50, Appendix D of
the Commission's‘regulations, a Draft and a Final Environmental

Statement will set forth the considerations of the environmentalﬂ

impact of thé‘proposed operation of the Indian Point 3 facility.

General Plant Description

The Indian Point 3 facility utilizes a nuclear steam supply.
system incorporating a pressurized water reactor and a four-loop
reactof coolant system. The reactor.core is composed of fuel rods
made of slightly enriched uranium dioxide pellets enclosed in-
Zircaloy tubes with welded end plugs that are grouped and supported
into assemblies. The mechaqical control rods consist of clusters
of. stainless steel—clad silver-indium-cadmium alloy absorber rods -
that are inserted into.Zircaloy guide tubes located within the fuel.

assemblies. The core fuel is loaded in three regions, each utilizing

'fuel of a different enrichment of U-235, with new fuel being introduced

into the outer region, moved inward at successive refuelings; and
removed from the inner region to spent fuel stérage, Water will serve
as both the moderator and the coolant, énd will be circulatéd through
thé.reactor vessel and core by four vertical, single stage,
centrifugal pumps, one located in the cold leg of each loop.

The reactor and reactor coolant system will operate at a pressure
of 2250 psia with a nominal reactor inlet temperature of 543°F and

a nominal outlet temperature of 600.4°F. The reactor coolant water



will be circulated throﬁgh the four steam generators to produce
saturafed steam and then be returned back to the pumps to repéat
»the cycle. An electrically ‘heated pressurizer connected to
the hot leg piping of one of the loops will esgablishband maintain
the reactor coolant pressure and provide.a surge chamBer and a water
reserve to accommodate reactor cooiant volume change during éperation.
The steam that is generated in the steam generators will be ufilized
to drive a four element tandem compound turbine and will be condensed
in a radial flow single pass deaerating condenser. Cpoling water
drawn from the Hudson River will be pumped through the tubes of the
- condenser to remove the heat from, and thus' condense, the steam
after it has passed through the turbine. The condensate will then
be pumped back to the steam‘geﬁerator to be heated for another cycle.
Tﬁe reactor will be controlled by a coordinated combination of -
a soluble neutron absorber (boric acid) and mechanical control rods
whose érive shafts penetrate the top'head of the reactor vessel.
The control system will aliow the plant to accept step load changes
of 10 percent and ramp load changes of 5 percent per minute over the
range of 15 to 100 percent of full power under normal operating
conditions. Plant protection-éystems that automatically initiate
appropriate action whenever a monitofed condition épproaches pre—
established limits are provided. These protection systems will
act to shut down the-reaétor? close isolation valves, and initiate

operation of the engineered safety features -should an& or all of
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thése actions be required. Supervision and control of both the
nuclear steém supply system andbthe steam and power conversion
system will be accomplished.from the control room. -

The nuclear steam supply systeﬁ is h&used in a steel lined
reinforced concrete cylindriqal structure. The control building,
the spentvfuel pit, and thé primary auxiliary building are'all
Category I* structures. The safety injection pumps, the containment
spray pumps, the spray additiQe tank and boricracid tanks are among
‘the equipment housed in the primary auxiliary- building.

Thé plant is capable of being supplied with electriqal power
from two independént 138 kV feeders and two 13.8 kV underground feeders
and is provided with independent and redundant onsite emergency power
supplies capable of supplying power to shut down the plant safeiy or
to operate the engineered'safety features-in the event of an accident
and ‘a loss of offsite power sources. -

'Comparison with Similar Facility Designs:

Many features of the design of Indian Point .3 are similar to .
those we have evaluated and approved preQiouSly for other nuciear
power plants now under constpuction of in' operation. To the extent
feasible and appropriate, we have madé use of our ﬁreVious'evaluations
of those features that were shown to be substantially the same as those
previously considered. Where this has been done, the appropriate

sections of this report identify the other facilities involved. Our

*Category I structures are defined in Section 3.2 of this Safety
Evaluation Report.
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Safety Evaluation Reports for these other facilities have been pub-
lished and are available for public inspection at the Atomic Energy
Commission's Public Document Room at 1717 H Street, N. W., Washiﬁgton,

D. C.

. Identification of Agents and Contractors

The Westinghouse Electric Corporation (Westinghouse) is furnishing

the nuclear steam supply system for Indian Point 3, including the first

- fuel loading, and is also furnishing the turbine generator set. For

those items of the plant included within its scope of supply, Westinghouse
has also acted as procurement égent; Westinghouse had contracted with
United Engineers and Constructors as the architect engineer. Construction
of the plant was performed by UnitedrEngineers until December 1969,
when this function was éssumea by WEDCO, a wholly owned ‘subsidiary
of Westinghouse.

Quirk, Lawler, and Matusky was. the applicant's principal consultant
for hydrological studies while Environmental Analysts, Inc. prepared

population estimates for the applicant. The Research Division

.of New York University was the applicant's meteorological consultant.

Summary of Principal Review Matters
vThe evaluation perfprmed by the staff included a review
of the information submitted by the applicant partiCularly with regard
to the following matters:
We>evaluated thé.population density and use characteristics

of the site environs, and the physical characteristics of the site,



including seismology, meteorology, geology and hydrology to establish
"that these characteristicé.had been deterﬁined‘adequately and had been
given appropriaté consideratién in the final design of the plant, and
that the site characteristics are in accordance with the Commission's
siting criteria (10 CFR Part 100), taking into consideration the
design of the'facility, including the engineered safetf features
provided.

We evaluated the design, fabrication,'construction, and tésting
and performance characteristics of thelblant structures, systems, and
componenté impo;tant to safety to determine“that they are in accord
with the Commission's GenéraliDesign Criteria, Quality Assurance

o 2
Criteria, Regulatory Guides, and other appropriate rules, codes and
standards, and that any departures from théese criteria, codes, and
standards have been identifiéd and justified.

We evaluated the expected response of the facility to varioqs
anticipated dperating transiehts and to a broad spectrum of accidents,
and determined that the potential'consequences'Qf a few highly
unlikely postulated accidents (design basis accidents) would exceed
those oanll other accidents  considered. Conservative'analyses'Qere
performed of theée design basis accidenté to déterﬁine that the calcu-
lated potential offsite aoses‘that might result in the véry ﬁnlikely

event of their occurrence would not exceed the Commission's' guidelines

for site acceptability given in 10 CFR Part 100.
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We evaluated the applicant's engineering énd construction organi-
zations, plans for the conduct of plant operationms, ihcluding the -
proposed organization, staffing and training program, the plans for
industrial security, and the plans for emergency actioﬁs to be taken
in theiunlikely event of an accident that might affect the general
public, to determine that the applicant is'techniéally qualifigd»to
safely operate‘the plant.

We evaluated the design of the systems provided for control of
the radiological effluents from the plant to determine that thesé
systems are capable of controlling the release of radiocactive wastes
from the-.facility within the limits of the Commission's regulatiomns;
and that the equipment provided is capable of being operated by the
applicant in such a manner as to reduce radioactive releases to .
levels that are as low as pfacticable.

We evaluated the financial position‘of the . applicant to determine
that the.applicant is financially qualified to operate Indian Point
3.

Facility Modifications Required as a Consequence of Regulatory Staff

Review

As a consequence of the staff review, a number of desigﬁ_changes

aﬁd emergency plan changes were made to Indian Point 3. These modifi-

cations are discussed in greater detail within the body of this

4

Safety Evaluation Report. The principal changes which were made are as

follows:
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(1) The seismic instrumentation program has been augmented (see
Section 3).

(2) The safety injectioﬁ system has been redesigned to meet the
single failure qriterion (seé Sectioq 7).

(3) Iﬁterlocks have been placed on the residual heat removal system
to prevent possible over-pressurization of this system (see
Section 7).

(4) Design modifiéations to prevent premature initiation of the.
recirculation phase following a postulated loss-of-coolant
accident (see Section 7). |

(5) Design modifications to eliminate thé need for automatié trans-
fers between redundant d-c power sources (see Section 8).

(6) Modifications to the emergency diesel fuei 0il transfer pumps
(see Section 8).

(7) Provision of additional gaseous andjparticulate monitors £o the
radwaste area, the control room, and the fuel handliﬁg and
storage area (see Section 12),

(8) Expanded emergency plans te include letters of agreement from
the Coast Guard, medical support facilities, and the Penn
Central Railroad (see Secqion 13). .

(9) A more rapid method ofvalerting appropriate officials has been
developed in the case of a radiological emergency (see Section 13).

(10) Numerous design changes have been required for protection against
postulated high energy line Breaks outside of fhg containmenf

(see Sections 6 and 10).
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SITE CHARACTERISTICS

Geography.éhd Demography

The Indian Point facility is situéted on a 239-acre tract of
land located in Westchester County, New York on the east bank of
the Hudsén River. 'The three-unit nuclear facility is located
approXimately 2-1/2 miies éouthwest of Peekskill, New York and 24
miles ﬁorth;of the New York City boundary line.

The'Indian Point nuclear. facility is surrounded on all sides
by high‘érouﬁd ranging in elevation from 600 to 1000 feet above sea
level. Across thé Hudson River, which.varies in width between 4500
and 5000 feet in the vicinity of the plant site, the»West bank is'
flanked by steep heavily wooded slopes .of the Dunderberg and West .

Mountains to-the northwest (elevations 1086 feet and 1257 feet,

_respectively) and the Buckberg Mountains to the west-southwest

(elevation 793 feet).

The closest cities with populatioﬁs exceeding 25,000 are Newburgh,
New York (1970 population of 26,219, a decrease of 15% since 1960),
and-wﬁite Plains, New York (1970 popﬁlaﬁion of 50;220 a 0.57 decrease
sincé 1960), both located approximately 17 miles- from the Indian
Point éite.. The area within five miles of the site.has a.populatidn
of 18,130 basedAon the 1970 census data. The projected population for

the year 2010 is approximately 74,000 persons. The closest .schools

are located about one mile to the south and east of the site. Figures'



2.2 and 2.3 show the 1970 population and predicted .cumulative popula-
tion data for the year 2010 relevant .to the Indian Point nuclear
- facility.

At the present time the land surrounding the Indian Point site is
residential with large areas devoted to pafklands and a military
reservation. ‘A gypsum plant is adjacent tolthe southwest border of
the Indian Point.site. .Northeast of the site, just within the 1100
meter low population zone radius, is a second industrial area on the
shoreline of Lent's Cove. The closest commercial'airport'is at Whige
Pléins, New York, 17 miles south of the station. Minor seaplane
activity occurs ét Green's Cove, 'about 1.5 miles south of'the plant.

The Hudson River in the aréa of the site is used for commercial
ship and barge traffic and for pleasure bqating. ‘For recreation,
there are several sections of the Palisades interstate'Park on the
west bank, and fishermen's landings, parks and beaches are on the
east bank of the Hudson River, |

The Hudson River is not used for drinking water purposes below
the plant site due to salt water intrusion in the tidal estuary.

The nearest municipal intake of the Hudson River is that for the
City of New fork, which is located about 22 miles upriverbfrom the
Indian Point site, in the vicinity of Chelsea, New York.'-Four
industrial plants within five miles of the site use water from the
Hudson River for industrial purposes and one plant uses a well for

its source of industrial water.
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In a report.prepared by Environmental Analysts, Inc. in June . ’
1972, the population data submitted byxthe applicant was .updated
. _ |
based on the 1970 census, and population projections were made through |
the year 2010. Based on this report there have been no significant
‘demographic changes in the area of the site as described in our
~Februéry 20, 1969 Safety Evaluation Report.
The minimum exclusion distance as provided by the applicant
‘for Indian.Point 3 is 350 meters from the ceﬁterline of the reactor
and 330 metérs from the outer surface of the containment buiiding
to the nearest property line.(Figure 2.1). The outer edges of the
ciﬁies of Newburgh and White Plains, New York, are the nearest
boundaries of densely populated -geographic centers containing more
than 25,000 persons, and both are located approximately 17 miles
from the piant site. However, based on projected populations, the
outer boundary of the more densely populated section of the City
of Peekskill was chosen by the applicant during the construction
. permit sfage of review as. the population center. The nearest
- boundary of Peekskill is 0.63 mile to the northeast; howeﬁer, the
nearesf residential area of Peekskill is (.85 mile to the east.
The aﬁplicant has selected a low population-zoné having an outer
bbundary of 0.67 mile (1100 meters). On the basis that (1).the

population within the proposed low population zone is small

(approximately 50 people) and (2) the area of Peekskill in the

area of the nuclear plant is of a general industrial nature, the
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staff at the time of the construction permit review concurred in -
the applicant's selection of the low population zone.

--Based on the 10 CFR Part 100 definitions of the population center
distance, ‘the egclusion area and low population zone distances (for
which adequate emefgency plans have been developed), on our analysis
of the onsite meteorological data from which.dilution factors were
calculated for various time periods (Section 2.3), and on the
calculated potential radiongical dose consequences of design basis
accidents (Section 15.0), we .have concluded that the exclusion .area .

radius is acceptable from the standpoint of computed doses from all

of the design basis accidents analyzed when the reactor is operated

at the proposed power level of 3025 MwWt.

Nearby Industrial, Transportion and Military Facilities

New- York State Route 9, which passes through Peekskill and
Buchanan, is located on the east bank of.the Hudson River. and
Route 9W and the Palisades Interstate Parkway on the west bank of the
Hudson River. A Penn Central railroad liné passes within 0.85 mile
of the Indian Point 3 containment structure on the east bank of the
Hudson River; on the west bank, a line of the Penn Central Railroad

passes approximately one mile from the Indian Point site. Two'

natural gas lines cross the Hudson River and pass about 620 feet

from the Indian Point 3 containment structure. Based on previous

staff reviews, fallures of these gas lines will not impair the safe

operation of Indian Point 3.
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About 600 to 800 commercial barges and ships on the Hudson
River pass by the Indian Point site each year. The cargoes consist
of petroleum'products, dry goods, and molasses. The applicant. has
indicated that.no river traffic shipment of toxiC«materiais or
explosives currently pass the site. No new environmental hazards
have been identified since thé construction perﬁit review of this
plant. . | |

The staff has reviewedythe'question of airport proximity to
nuclear poﬁer plants in_various other licensing cases. On the basis
of these studies, we conclude that the Indian Point site is-suffi-
.cientl§ far from an airporﬁ of significant size that the pfobability
of a crash at the site is'éssentially that associated with general
.overflights and that the Indian Point facility heed not be designed
or operated with special provisions to.protect thé—facility ;gainst
the effects of an aircraft crash.

The militapy installations in the area include the New Yofk State
Military Reservation (Camp Smith) and ghe West Point Military Reserva-
‘tion. Camp Smith is about two miles and West Point is about six miles
from Indian Point 3.

The closest industry to the Indian Point site ds the Georgia
Pacific gypsum plant located approximatély~0.3 mile southwest of
the Indian Point 3 containment structure. 0il, gas, gasoline, and
molasses storage facilities are located j;st outside Qf the 1100

meter low population zone for this facility.
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Because of the disﬁance that separates these military and
industrial facilities and because of experience gaine& in the
operafion of Indian. Point 1 at the same site,_weAhaVe~concluded
that these facilities will not affect the safe operation of
Indian Point 3.
Meteorolégz

The plantiis iﬁ a general climatic region which is primarily

continental in character, but is subjected to some modification by

- marine air which can penetrate the site area. The general regional

topography ranges from hilly to mountainous. Locally, the plant
site lies along the Hudson River in ,a bowl surrounded on almost
all sides by high ground ranging from 600 to 1000 feet above sea

level. .This topography decisively influences meteorological .condi-

‘tions in the valley in the following ways:

a. Orientation of the valley ridges channels the éirflow;

b. The wind speeds in the valley tend to be lower than in open
level terrain.. '

c. :Differential heatingvof~the hillsides ana the plain at the mouth
of the.valley create local air circulation (e.g., diurnally-

~regulated up-énd—down valley.flowj.

The measured prevailing winds show the influence of valley

channelling. This'channelling effect ie not as'pronouncéd.during

the winter months due to generally‘stronger westerly airflow aloft.
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CUMULATIVE POPULATION VS. DISTANCE 0-5 MILES

"FIGURE 2.2
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Several meteorological étudiés of atmospherié diffusion
conditions have been based oﬁ onsite data. ' The initial onsite
meteorological measurement program was conducted during the years
1956 and 1957. The program consisted of.measurements_of wind
speed and temperaturé taken on a SOQ—foot tower. Data on the joint
ffequency distribution of wind direction and speed were taken at
the 100-foot level and vertical temperature differences between the
'150- and 7-foot levels were measured. These data were.presented in
exhibit L-5 for Indian Point 1 (Docket No. 50-3). The total joint
frequency data recovery for this period is not now known because
the dafa were presented as fractions of recovered data and the
original records were not kept.

Another meteorological study was conducted during thevyears
1969 and 1970. This study was conducted primarily to describe the
diurnél wind directiog reversals in the Hudson River valley. Measure-
ments 6f wind and temperature were made on a 100-foot tower in the.
same 1ocation as the now aismantled 300-foot tower and at other
stations along the Hudson-River located within five miles of the site.
Data collected in this program were taken for the period November 26,
1969 - October 1, 1970, with recovery rate néar 80%. . Joint frequency
distribut10ps of wind direction and speed by vertical temperature
differenge class were not presented in this study. rHowever, the

applicant concluded that the annual average statistics of wind

direction and speed, and of vertical temperature difference were
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substaﬁtially the same as the 1956-1957 data, t?ereby‘indicating
that meteorological conditions are reasonably consistent from year
to year.. Diurnal valley flow wind revefsals were found whenever the
winds aloft were very light. |

More recent data were acquired by the applicant during the years
1970 - 1972 utilizing.the lbO—foot<tower. These data provided the
basis for making a meteorological aﬁalysis of the site in accordance
with current staff practices and verifiéd the representativenes of
pf the 1956-57 data.

It is thé Regulatory staff's practice to utilize-for offsite dose
calculations meteorological data that have begn collected for at least
one continuous year with a dafa recovery rate of at least 90%. qu to
ﬁumerous‘equipment failurés, the applicant's meteorological data
‘recovery rafe was often below 90%’during_the 1970-1972 years.

Consequently, for use.in its accident analyses, a composite year
of &ata was constructed.by,the staff whére the recovery rate was 95%.
This composite year consisted of January-July 1970, August 1971,
Septeﬁber—October_l972, and November—Decembe;~l970. |

Additional modifications of the applicant's data were made to
have the data conform with present staff methods. The applicant
recorded wind speeds and directions at the 100-foot elevation, whiie
‘temperatures were measured at the 95-foot and 7-foot levels. The

wind speed measurements were adjusted by the staff to represent wind



{
speeds .at a 1evel of 33 feet (the heigh; assumed for ground level
- release calculations) by uée'of a-pdweri1awzextrapolation. The .
" temperature difference between the readings-ét the 95-foot and
7-foot levels were extrapolated to température differences simula-
. ting recording instrﬁments at 150-foot ;nd 30-foot levels. This new
vertical temperature difference calculaﬁed'byathe'staff utilized a
logarithmic method to extrapolate the méasured vertical temperature
difference; !.
Additional data were submitted by éhe applicant,in support of
other meteorological models. In Supplement l4,of_the.FSAR, the
applicant preéen;ed an analysis of diffésion conditions using the
'fspliplsigmavmodel”vto allow fpr.greateﬁ wind meander, a procedure
to allow for diffusion to the discance of the abtual site boundary
by direction.instead of the minimum sité boundary, -a pfocedure.to
allow for the effect of averaging.diffuéion conditions over. a
two-hour period, and a ﬁuébulent buildiqglwake diffusion model
developed from New York University wind?tunnel tests. - The applica-
tion of any one of these four'meteoroldéicél models. would result in
significant reductions in the calculate4 off-site doses. Although
N !
the staff felt that these meteorologicay models have some merit,
they were not accepted at this time. Aﬁong the reasons for not

accepting these proposed meteorological models was the concern that

the instruments that recorded the basic dataAwere not sufficiently
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accurate in the wind speed“rgnge'éf‘interest.-'Additional-studies using_
more accurate instruments and conditions simulating ﬁinds below 4 mph

- may be-acgeptable-to~the staff at éome-future daté.x’

“We.concluded that the applicant did not provide sufficient

- Justification for the use of tﬁese‘ﬁéteorological models for evaluating
the radiological -consequences of accidents at this- site; .consequently
we usgd'our,éwn, more conservative meteorological models.

Utilizing standard staff practices, an evaluation of the meteor-
~ological:diffusion chargcteristics.qf'the site -was made for both .
-.accident.analysis and routine release analysis purposes.

The evaluation of the:.calculated offsite doses resulting from
radioactive releases due to postulated:accidents requires calculations
. of  the relative concentration, X/Q,{for:the first 30 days following an
assumed accident. The impact of routine radioactive releases fequirés
calculations of an annually ayeraged~X/Q. These relative concentrations
were then incorporated into dose analyses.

Accident dose analyses utilize'daléulated X/Q values which
vary with time. .The staff uses its most conservative -assumptions
.- when calculating :the X/Q vélues for the first eight hours following
an assumed accident. Additionél‘credit is giyen for diffusion and
spread of the gaseous plﬁme for time periods beyond the first eight
-hours.

The calculated dose at the ﬁinimum exclusion radius‘(330 meters)

at the end of the first two hours and the 30'day dose at the low-

population zone (1100 meters) must be within 10 CFR Part 100 limits.
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In tﬁe evaluation-of the diffusion of short term (0—2 hr) acci-
dental releases from the plant, a ground ievel release was assumed
with a building wake factor, cA; of 1000 square meters. -The relative
concentration, X/Q, using the composite year of data (1970-1972), which
- is exceeded 5% of the time was calculatedito be l.8x10—3 sec/m3 at the
minimum exclusion radius of 330 meters. 4ihis relative concentration is
equivalent to a dispersion condition produced by Pasqﬁill type F
stability and a Wiﬁd.speed of 0.7 metefs/second with the building wake
effect being limited to a factor of three over the diffusion condition
produced -by a point source. A similaf analysis of the 1956-57 data
tends to éonfirm these results. Our meteorological consultant, the
National Oceanic and Atmospheric Administration (NOAA), has calculated
é similar X/Q value and the applicant estimateé a value which- is 40%
lower (less conservative) than ours.

In addition to calculating the X/Q values utilized in the two-
hour dose at thé exclusion radius, the staff calculated X/Q values
for the 30-day dose at the outer.boundafy of the low population zone
(LPZ) . Using the diffusion models presented in Regulatory.Gﬁide 1.4,
"Assumptions Used for Evaluating the Potential Radiological Consequences
ofAé Loss 6f Coolant Accident for Pressurized Water Reactors', and'the
onsite meteorological data, the staff calculated -X/Q values at the LPZ
of 4f7x10_4 sec/m3 for the 0-8 hour period, l.4x10_4 sec/m3 for the
8-24 hour period, 6.5x10',5 sec/m> ‘for the 1‘—4 day period and 2.2x107°

sec/ms for the 4-30 day period. The applicant has presented values

which are in essential agreement with the staff's values for the first
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24 hours but are a factor of two to three less for the time period
from one to 30 days.

In our evaluation of the diffusion conditions associated with
routine effluent releése, the maximum annual. average relative
conéentration, 2.6X10—5 sec/mB; was calculated to the south-southwest
of the plant at the site boundary (330 meters). Both the applicant
and our meteorological consultant'(NOAA) have presented yalues’which
are in esséntial.agreement wi;h ours,

As discussed in Section 11.0 of this Safety Evaluétion Report,
concerning effluent releases, the maximum annﬁal average‘chcentratioﬁ
at a location seven miles south of the plant is 2,4xiO_7 séc/m3.

. We have concluded that the composite year of data presented in the
FSAR pfovideS»a reasonable basis for estimating atmospheric diffusion
conditions during accidental and routine géseoué effluent releases

from the plant. .It-is not expected that subsequent data collection

and analysis will change our. estimates significantly because the

data from the years 1956, 1957, and l96§ confirm the climatic_repre—
sentétiveness_of the data fpr the composite year.

Hydrology

The plant is located on the east bank of the Hudson’River and
is affected‘by ocean tides_és modified by estuary effects between
(the ;ife‘and the_ocean. -Runoff from precipitation-type floods, storm
effects along the coastline, or a combination of‘these-types.of events

can cause local high water levels. Such situations are common along




estuaries such as the Hudson River. Similarly, low water levels are
affected by tides, runoff, and cyclonic type storms‘such'as hurri-
canes which can depress watér levels by éssentially blowing water
downstream. Normal ﬁéximum tidal flowé at the site, in both the
upstream and downstream directions, vary yetween 250,000 and 300,000
cubic feet per second (cfs). Plant grade is about elevation 15.3
feet above mean sea level datum fMSL). Tﬁe intake strUgture at
elevation 15.0 ft. MSL is of the outdoor type with the safety-related
service water pumps lpcated landward of the circulating water pumps.
Other safety-related facilities are mofe landward of the intake
structure.

The Hudson River is used for water sufply in the area, but only
for industrial cqoling purposes near the éiﬁe; The river is used
for public water supply some 30 miles dpstfeém at'Poughkeepsie,
aqd'may be used as a supplemental New York City source at Chelsea
(22 miles upstream of the plant) during drought conditions.' Ground
water in the area is generally-used for industrial and commercial
purposes,.with some limited residential usége on the west side of
the river at Stony Point. |

Floods from both runoff and hurriéaneLinduced mechanisms have
occurred in the area. The highest histériéal water level in the plant

vicinity occurred in 1950 when a water lével of 7.4 feet MSL was

-récorded about one-half mile downstream of the site.
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The potential for site floodiﬁg from precipitation events,
hurricanes, upstream dam failures, and from combinations thereof has
beén inQestigated by the applicant and evaluated by'the staff. Water
levels at the site for a probable maximum flood (PMF), a prdbable
maximum hurricane (PMH) surge, coincident precipitation;fype floods

- and hurricanes,‘and dam failures during various floods have been
estimated. A PMF or a PMH is considerea the upper limit of bdtential
flooding that can reasonably be expected to occur at this partiCular
site. The applicant's analyses of flooding events indicate that the
worst such evént reasonably poésible would be‘the.coincident occurrence
.of the runoff from a precipitation-type flood approximately half as
severe as a PMF timed to occur with the worst conditions produced by
a éurge from a hurricane'approximately‘half as severe as a PMH, and
an arbitrarily assumed failure of a large upstream dam. This éstimaie
of the water level at the site for such an event is elevation 15.0 feet
MSL, and includes an allowance of ‘1.0 foot for coincident ane acfion.-
The individuél occurrence of either a PMF or a PMH, however, were edch
estimated by the appiicant to produce water levels at the site of 14.0
feet MSL and 14.5 feet MSL,; respectively. Each.estimate contains an
allowance of 1.0 foo? for coincident wind—generatéd’wéve action. Based

upon a comparison of the applicant's estimates with similar determinations

at other locations in thevNortheastern U.S. and upon a review of the
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applicant's'compgtational techniques, wé concur with the applicant
in the estimates of watervlevels at the site for these events,
_exclusive of the allowances provided for coincident wind-geherated
wave action.

We have independently estimated wind—génerated wave action
coincidenp with either a PMF,‘a PMH, or other reasonably extreme
combinationsqu less severe'events. Ouﬁ analysis was based upon an
agalyticél technique developed by the Corps oﬁ_Engineers using a
postulated 45 milé per hour overwater wind speed as the cause of such
‘wave action. To assure that the plant will be safely.shug down before
wave action could cause a loss of functiph of service water pumps,
the Technical Specifications require.plaﬁt shutdown for water levels
approaching 15 feet MSL:-and appropriate émergency procedures to
protect service water pumps..

At the feques; of thé‘staff, the applicant has analyzed the
capability of local site drainage, inclu@ing the roofs of safety-
related structures, to store and/or passithe runpff from precipita-
tion events aé‘sgvére as could be producéd by a local probable
mggi@um storm. Although such facilities would undoubtedly overflow
during_sevgre rainstorms, the analysis hés indicated that no less of
safety—related funétions from such an event is anticipated.

The applicant has arEitrarily asSuméd the failure of upstream

dams coincident with floods of a‘severity approximately half
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‘that of a PMF aﬁdAha$ determined thaflwater levels at the ‘site would
be somewhat less severe than woula be .produced By é PMF or PMH‘as
discussed above.. On the basis of 6ﬁr‘review,”wevagree.

The water levels which couid be produced from tsunamis. at -the
‘éite,‘are>cbnsidéred to bé substantially less than those WBich‘can
" be produced from a PMF, PMH, dam failures,'oﬁ reasonéble comﬁinations
of such flood producing méchanisms..

Ice-induced floodiﬁg ét‘the»site to levels‘approaching thdse
estimated for a PMF, or'PMH, dam failures,.or reasonable combinations
of such flood producing>mechanisms, are not considered credible
because of thé adjacent extremeiy wide and relatively deep river
channel.

The complete loss—Of—cobling water at the Indian Point site is
not considered éredibie because water can reach the site from both
upstream and downstream sources.

The potential exists for minorlfloodihg in the>vicinitykof the
outdoor intake structure that could be produced by wave action,-
coincident with severe river flood levels. The staff has“reqﬁireﬁg”‘ﬁ
the applicant to provide for such extreme conditions:by instituting
plant shutdown for water levéls approaching elevation 15 feet MSL
and to protect the service water pumps in.such‘sifhations."

Low water leVels'are'influenéed by both dfoughés'aﬁd-tides.

Extreme low water levels are caused primarily by severe wind storms,
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such as hgrricanes, where storm winds ﬁend‘to.blow estuary water
downstream. The safety—reiated gffécts of low water levels at the
-site are related to the ability of thefservice water pumps to»provide
‘a coptinuops waterlsupply. The app;icgnt hgs shown in the FSAR that
‘theiservice yater pumﬁs, located in the outdoqr intake structure at

elevation 15.0 MSL, reach to elevation;lS.S feet below MSL. Mean
low water, based on published UL-S. Co;s;'and Geodetic Survey records,
 is approximately elévation 1.5 féet below MSL. The Coastal<Engineering
Research Center's records of the 1932 apd 1959 historical low water
levels at New York City have been-extrapolated to the site by use of
U. S. Coast and Geodetic Survey tide diﬁference inference techniques
to indicate that low water levels at the site of approximately
elevaéion 5.5 feet below MSL have been-éxpexienced. The 13-foot
difference between the apparent historical low water level and the
v ; } Co :
service water intake is considered by the.staff to provide adequate
assurance of a dependable safety—relatea water supply.

Ground water occurs in both unconsglidated surficial deposits,
and the fractures'gnd solution channels;in the underlying bedrock.
The su?ficial deposits range in thickness from a few feet in hills
to several hundred féét in the valley fiood plains. General surficial
deposit grqund water movemen; at riverbank locations is considered to
be toward the ;iver,'except where high Qell pumping rates are employed
(which are not expected at the site), o% during relétively short

periods of high river levels. Use of ground water within five miles
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of the site has been reported by the'applicant in several‘éategories;

Y public water supply and commercial, industrial, ‘and'p-rivate‘us'e. The

only public water Supply use within' five miles is at Stony Point across
thevriver where water is drawn from shallow wells at a rate of about
550 gallons per minute. Most of the rest 6f'the local wells take
water from the deeper bedrock aquifer.. Withih,two to three milés of
Indian Point, almost all wells have been abandoned and connectibns have
been made to public water supply systems. -We hévevreVieWed the
potential for COntaminétion of'groﬁnd water sources frdm the ?lant and
hévé concluded that such contamiﬁatidhjis highly unlikély because of
the-direction‘of-ground water merment'and‘ﬁhe very limited use of

ground watér in the plant vicinity.

‘Geology, Seismology, and Foundation Engineering

The staff has completed its review of the geology, éeismology,
and foundation engineering matﬁers relating to Indian Point 3 and
has concluded that the.site foundation conditions éfe'acceptable for
the faCility; This conclu;ion is based on reports from ;ur.consultants,
the U. S. Geological Sﬁrvey (USGS) ‘and the National Oceanic aﬁd

Atmospheric Administration (NOAA), formerly the U. S. Coast and

. Geodetic Survey. These reports are included as Appendices D and E,

respectively, in the Safety Evaluation Report issued on February

20, 1969.




2-22

‘The U.S. Geological Survey stated %hét "There'are no known active
. faults or other young geologic Structurés in the area that coﬁld be’
expectéd'to logalize'eapthquakes in the;immediate Qicinity 6f.the
site. Although several ancient faults occur in the area, none appears
to.have been tecton;cally active since glacial’fimes, or fof at. least
the past s?veral hundred thousand years.'"

Likewise, in its evaluation of the seismological aspects of
the site, the U. S. Coast and Geodetic Survey (now NOAA) stated
fhat "based on the.review of the seismic history of the site
and the related geologic considerations; the Coast and Geodetic
Survey believes that the applicantfs‘pr5posal,toluse 0.10g for
representing earthquake disturbanbes‘likely to occur within the
lifetimevof the facility to be-édequate.i The [Coast and Geodetig]
Survey agrees with the applicant that 0.15g would provide adequate
basis for designing proteqtion against léss of function of components
importan; to safety;"

With regard to the ground which qupoyts theAstructurgs at Indian
Point 3, ;hé applicaﬁt's,gedlqgical.qons;ltant concluded_that there
were no éavernous ;onditiqqs.within thelﬁedrock_at the sitei It based
this conclugi@n'on detailéd studies of'two nearby quarries and borings
drilled at thelsitg.v The'applicant repo#ted that When'excavations were
made for Units 1, 2, and»3 cavernous conaitions were not encéuntered.
This conclusion is suﬁpofted by a representative from the U.S. Geological

. :

Survey who visited the site and ordlly reported that there were no

cavernous conditions.
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The staff has also reviewed various aspects of the foundatiéns
for Units l,.é and 3. The appiicant stated that "The Unit No. 1
structures are now at least 12 years 01& and there has never been’
any evidence of settlement cracking or other settlement related problems.
Ihe same can be said for recently completed Unit No. 2 structures.'" No
evidencg of settlement relate& problems has Been observed with thg
Indian Point 3 structures during their construction.

Based on the performance of these foundations and the earlier
reports of the USGS and NOAA, ﬁhe foundation conditions at Indian Point

are acceptable.
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) DESIGN‘CRITERIA ~ STRUCTURES, COMPONENTS, EQUIPMENT,.AND SYSTEMS

Conformance with AEC General Design Criteria

The Indian Point 3 plant was desighed and is being constructed

on the basisAof the proposed-General Design Criteria, published

@

_July 11, 1967. Construction of the plant was partially completed and

the Final Facility Description and‘Safety Analysis Report had been

filed (filed on December 4, 1970) when the Commission.published its

revised Generél Design Criteria in February 1971 and the present

ve;sion of the gr;teria,in July 1971. As a result, we did not require
the applicant tb reanalyze the plant on theﬂbaéis!pf the revised
criteria. However, our technical'réview_asseséed the plant against
the‘Genergl Design Criteria now in effect and”we have concluded tﬁat
thg plant design.éonforms to the inten; of these newe;-criteria.

Classification of Structures, Components and Systems

The applicant has élassified phe seismic design of‘p}aqt struptufés;
compon§n£s and systems into three pfincipal categories. ‘Class.I*.includes
those.strucﬁqres, components.and-systems whose failuré might cause-or in-
crease the severity of a loss-of-coolant aqcident,’or resul; in an

uncontrolled release of significant amounts of radioactivity, and those

structures, components and systems essential to safe shutdown and

isolation of the reactor. Class II includes those structures, comﬁonents

and systems that are important to reactor operation, but not essential

% In this Safety Evaluation Report, the staff utilizes the words ‘Category I as

- equivalent to the applicant's seismic Class I notation.
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to safe reactor shutdown and whose failure would not result in the
release éf significant amounts of radioactivity. Class IIT includes
those strucfures, Sysfems aﬁd componénts that are not directly related
to.réactor operation or containment. Inraddition, some structures
have a mixed claséification when they are basically a Class II or
Class III designation, but contain components or systems of-a Class
I or Class II designation. ;
Wé find these classifications to befacceptable ana.we have concluded
that thevapplicant placed all safety-related structures, systems, and

components in their appropriate category.

Wind and Tornmado Criteria

The appiicant has considered the effects of ﬁornado loads in the
design of Category I structures. Tornado wind loading was taken
as.a 300 mph tangeﬁtial wind traveling with a translational velbéity
of 60 mph. Also considered as a separaf:e‘ and combined loading

condition is a 3 psi pressure drop external to the structure.

The wind loading and pressure drop parameters are. consistent with

. the genefally accepted criteria used for nuclear power plants. ASCE

Paper No. 3269 was utilized to determine the loads resulting from

these wind and tornado effects. We have éonéluded thaf in the design
of the faéility, the methods of convertiﬁg wind and tornado velocities
into forces’on the‘structures are in acco?danée with the state-of-the-

art and are acceptable.




3-3

Water Level (Flood) Design Criteria

The -applicant establishéd that the most severe flooding condition
corresponds to a water elevation of lS.feet‘aboVe mean sea level (MSL).
This elevqtién is lowef by three inches than-the critical elevation
‘at which water would start seeping into the lowest of the plant
i~buildings.>

As discussed in Section 2.4 'of this report, the staff concluded
that fldoding levels under the most extreme conditions could reach
a level of 15.0 feet MSL, é#ciusive of wind-generated wave éétion.
Wind—generéted wave action could\raiée the flooding level above
plapt;grade.in-the'viéinity of the service water pumps.

In the event of wind-génerated wave action in conjuncfioh with
extreme flooding conditions, the ﬁlant will still be protected. In
this unlikely event, the plant will be shut -down in accordange With
* the Téchnical'Specifications, and the service water pumb area will
be protected.” Other areas, such as the diesel géherator'area, will
not require additional protection from the wind-generated waves in
that these waves rapi&ly diésipate once they sfrike land. - Caiculations
-have shown that the plant iﬁtake structure can bear a hydraulic
load associated with 21 feet of water.; Therefore, we have concluded
that ‘the intake structure can withstand the additional hydraulic load
produced by wind-generated waves.

Consequently, the combindtion of the elevation of the plant

structures, the load-bearing capability of the intake structure,
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and the Technical Specification requirements on plant operation and

service water pump protection, result in acceptable conditions to

protect the plant against flooding.

Missile Protection Criteria

Various structures at the Indian Péint 3 site have.been designed
and constructed to withstand the effects of tornado generated missiles.
Among these structures are the primary auxiliary building, the control
room, the containment; the diesel generator Euilding, the céble
tunnels, and the waste hold-up tank pit. n

The tornado‘generated missiles include a spectrum of‘possible
items that ~could be/dislodged during tornadic winds and become
missiles. The missiles assumed by the applicant include tworhorizontal
missiles: a four inch by twelve inch by:twelve foot wooden plank
traveling end—on at 300 ﬁph and an automobile weighiﬁg two tons with
a contact area of 20 ft? tra?eling not more than 25 feet off the ground
at 50 mph, and two vertical missiles: a’'four inch by twelve inch by
twelve foot woodén plank at 90 mph and a:passenger car weighing two
tons at 17 mph less than 25 feef above the ground. We find that the
missile criteria utilized by the appliéant afe-adequate on the baéis
that they have Been used on previous plaﬁts.

The effects of missiles generated inside of the containment

have also been considered. The reactor coolant system is protected

by a three foot thick concrete shield wall which encloses the reactor
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coolant loop and the pressurizer. A two foot thick concrete operating
floor provides additionai prdtection against intefneilf generated
missiles. The effects of'missiles generated by the fracture of con-
trol fod drive mechanisms have also.been considefed. A structure over
the control rod drive mechanismé has_been pfovided to block any such
potential missiles. We have concluded fhat’the measures taken to
provide protection agaiﬁst internellyAgenerated missiles are acceptable.

Protection Against Dynamic Effects Associated with the Loss-of-Coolant.

Accident

The applicant has provided protection against pipe whip in
accordance with the criteria in Regulatory Guide 1.46 '"Protection .
Against Pipe Whip Inside Containment'". The piping/support systems

have been dyﬁamically analyzed by the time-history method for each

: ‘postulated,break.

"We conclude that the appliqant has provided adequate pipe whip

restraints to protect against postulated breaks, both, longitudinal

-and circumferential at specified locations within the reactor coolant

pressure boundary and in the main steam and feedwater systems.

Seismic Design

We and our consultant, Nathan M. Newmark Comnsulting Engineering

Services, have reviewed and evaluated the seismic design input criteria

employed by the applicant with reference to structures, systems and

- components. The seismic loads are based on horizontal ground

accelerations of 0.10 g for the Operating Basis Earthquake and 0.15 g




for the safe shu?down earthqqake with vertical accelerations equal

to two-thirds the horizontal groﬁnd accelefafioné. The cgﬁsultén£'s

report is attqchea as Appendix B; ' )

_The seismic design response spegtra curves were prgsénted in

the applicapion for a construction permit and found accéptéble; The

modified earthqqake time histo;ies uséd for component equipmeﬁt

design were adjusted in»ampli;ude aﬁd frequency to envélope‘the

response spectra specified for ghe site. We and our séismic design

consultant coﬁclﬁde that the>éeismic input ériterié-proposéd by thé

applicant provides an acceptable basis for seismic design.
The'mbdal‘fespéhsé multi-degree—of-freedom method and the -

normal mode-time History method are used for the analysis of all

- Category I strﬁctures, systems and components. The vibratory

motions and the associated mathematical models account-for the

soil—étructure interaction and the coupling of all coupled

Category I structures aqd plént equipment.- GoVerning:reSPOHSe

- parameters have been coﬁbined by'the'square'root of the sum of the

squares to obtain the modal maximums when the modal response

SPECtrum method is used. The absolute éum of responses is used for

closély,spéced>frequencies. Horizontal and vertical floor spectra

inputs used for design and test verification of structures, systems

and components were generated by the normal mpde-time history method. .

Torsional loads have been adequately accounted for in the seismic
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analysis of the Category I structures.l Vertical ground accelerations
were'assumed to be 2/3 of the horizontal ground'accelerations.and the
horizontal‘and vertical effects were.combined‘simultaneously.‘ Constant
vertical load factors were employed only where analy31s showed.suffi—
cient yertical ampllflcations in the seismic system being analyzed

We and our consultant have reviewed the information provided by
the appllcant and find the seismic system and subsystem dynamic
analy31s methods and procedures used by the appllcant acceptable

As part of the review of Indian Point 3, the staff concluded that
the applicant' s seismic 1nstrumentat10n program requlred augmentatlon.
In response to the staff s requlrement for additional seismic 1nstru—
mentation the appllcant has added three peak shock recorders-on :
the contalnment base mat in a tr1—ax1al—arrangement. The appllcant
also added recordlng accelerographs on one steam‘éenerator, one
reactor coolant pump, and on the preSSurizer A plan for the

utilizatlon of any acqulred selsmlc data will be developed before

an operating license is 1ssued

‘wé conclude that the type, number, location and utilization of

’ strong motion accelerographs to record seismic events and to provide

’ data on the frequency, amplitude and phase relationship of the seismic
|
|

response of'the contalnment structure correspond to the recommendations

of Regulatory Guide 1.12, "Instrumentation for Earthquakes" and is acceptable.
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Design of Cetegorzgl Structures

The review and evaluation of the Category I structures included

the structural foundations, the containment, the auxiliary building,

the control room, the intake stfucture, an& a portion of the pump-
house. The-éfructures were built from a cqmposite of structural

steel and reiﬁforced concrete meﬁbers.‘ In geperal,‘the strgctures
were deeigned as continuous systems. The various structural com-
ponents that Were integrated into the continuous structures consist of
slabs, walls,lbeams, and columns.

The aﬁaiyses were baeed on elastic.analysis procedures with the
design being executed using the working stress deeign'method and
the ultimate strength design method. The design method for reinforced
concrete fOliOWed that of ACI 318-63, with the use of specific loading
combihations applicable to nuclear power plent design coqditions.

For the.sfruceural sfeel the AISC Specificatiens were utilized.

The loading combinations used for the design of the structures
included normal dead and live loads, accideet loads, wind and tornado
loads, the flood loads, the missile loads and the earthquake ;oads.

The applicant has epecified and utilized numerous loading
combinaﬁione for the normal 1oadiﬁg conditions as well as for the
severe loading’cenditions that include the eccident} the tornado

and/or the safe shutdown earthquake.
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As a result of the review. and evaluation of the criteria and the
procedures related to.the design and.construction, we conclude that

the Category. I structures have been acceptably‘designed‘and constructed.

Mechanical Systems and Components

Dynamic. System Analysis and:. Testing

The staff has revie&ed the effects of dynamic loads pn:the
Indian PQiﬁt_B reactor coolant pressure boundary and on the reactor
internal structufes.-

Because of the similarities of the Indian Point 3 design to..

Indian Point 2, the applicant has designated Indian PbintAZ as the

_.prototype plant from which preoperational vibration test results are

‘applicable:in evaluating the- design adequacy of the reactor internal
vs;ructufes of the Indian Point: 3 plant. A vibrationgl test program
was conducted at Indian Point 2 which included varibus operational
flow transients up to a temperatu;é-aqd pressure of 530°F and 2200 psi,
respectively.. The response characteristics of vib;atory strain,
hacceleraﬁion, and pressure signals wére analyzed in terms of major
.frequepcy cbmponents.for obtaining modal contributions and to define

the dynamic behavior under flow induced excitations.. These test results

. were reported in Topical Report WCAP-7879, "Four .Loop. PWR Internals

- Assurance -and Test Program." The staff has reviewed this topical report

and has concluded that the vibration testing program conducted at the
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Indian Point 2 plant aéceptablfvdemonstrates the integrity of the
Indian Point 2 reactor .internals to withst;nd flow-induced  vibrations
under normal operating conditions. ‘The staff aiso conClﬁded that
these tests on Indian Point 2 serve as' a prototype for other four
loop Westinghouse plants, similar in design to Indian Point 2, in-
 cluding Indian Point 3. fhus, only a confirmatory preobérational
Vibration test in accordance with Regulatory'Gﬁide 1.20 will be’
conducﬁed on Indian Point 3. On the bésis of the applicability of
the.Iﬁdian Point 2 tests and conformance -to Regulatory Guide 1.20,
“we have concluded that ﬁhe vibration testlprogram is acceptable.
The reactor infernal structures must also withstand the loadings
- associated with the simﬁltaneous occurrence of a LOCA and a safe shut-
~ down earthquake (SSE). The abplicant has‘applied the results of Topical
Report WCAP-7822 'Indian Point}Unit No. 2, Reactor Internals Mechanical
Analysis for Blowdown Excitation' to demonstrate the_capabilities of
the Indian Point 3 reactor internals. Tﬁé staff has reviewed this
topical report including the mathematical:models, analytical procedures
and methods, allowable stress criteria, aﬁd‘allowable deflection and
stability criteria. Thg staff concludes that the topical report is
acceptable and applicable to Indian Point{3. The staff also concludes

that the Indian Point 3 reactor internals will withstand the simultaneous

" occurrence of LOCA and SSE loadings within design limits.
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The consequences of vibration in other parts of the reactor

coolant pressure boundary (RCPB) have been considered by the staff.
In accordance With the provisions of USAS B3l.i.0, é vibration
operational test program wiil be.performed during staftup and initiai
operations. This tést program will Qerify‘that the biping and

piping restraints within the RCPB have been designed to withstand’

~ the dynamic éffects of valve closures, pump trips and other anticipated

events which could cause significant vibrations. These tests will

simulate transients that "are EXﬁeéted to be experienced during reactor

operation and will demonstrate that tﬁé requirements of USAS B31f1;0

~ to minimize wvibrations have been met.

.Category I Components Outside of the Redctor Coolant Pressuré Boundérz

" All ‘safety-related systems, components, and eqﬁipmeht outside of
the'reactoriéoolant pressufe béundary_are Categofy I and arémdesigned
fo sustain normél loads, anticipated transients and ore halfvof the
éafe shutdown eartﬁquake (SSE) within the appropriate'code allowable

stress limits. These same systems, components, and equipment are also

"designed to sustain the SSE within stress limits which are comparable to

’

those associated with the emergency operating condition category of

current component codes. We have .concluded that these stress criteria

" provide an acceptable margin of safety for Category I systems and

compdnénts outside of the RCPB which .may be subjected to seismic

loadings.
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Sedsmic Qualification of Category I Instrumentation and Electrical

Equipment

A seismic qualification program for all Category I instrumentation

~and electrical equipment was iﬁplemented to confirm that (1) in the

event of a safe shutdown earthquake, this:equipment will function
properly during the earthquake and following the post-accident
operation, and (2) the support structures’ for this equipment are

adequately designed to withstand the seismic disturbance. The

operability of the instrumentation and electrical equipment was ..

ensured by testing. The design adequacy of the supports was
assured by.either analysis or testing. The results of these tests
and aﬁalyses are described in Topical Report WCAP.7397-L "Seismic
Testing of-Electrical aﬁd Control Equipment". We have evaluated
this-repo;t and conclude that it is acceptable and applicable to
Indian Point 3. ‘

Additional information on this subject is given in Section 7.8

of this Safety Evaluation Report.
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"REACTOR

Summary Description

The Indian Point 3 core is similar to that of the Zion Unit 1

core -and consists of 193 fuel assemblies with 204 fuel rods per .

- assembly. The active heat transfer surface area for each plant is

approximately 52,000 ft.? The proposed initial power level for the

Indian Point 3 core is 3025 megawatts thermal (MWt) as compared to

3250 MWt for the Zion Unit 1 core. 'A‘comparison of the Indian Point

3 and the Zion Unit 1 thermal hydraulic, and core mechanical and

nuclear design parameters is given in Table 4.4.

Mechanical Design of Reactor Vessel Internals

For normal design loads of mechanical, hydraulic,and-therﬁal
origin, including anticipaﬁed'plant ﬁransients’énd the operational
basis earthquake, the reactor internals weré designed to—the stress
limit criteria of Article 4 of the ASME>Boiler aﬁd-Pressure Vessei
Code Section III, 1965 Edition.

The reactor‘internal componeﬁts have been desiéned tb withstaﬁd

the"ldéds calculated to result from a‘loSs—of—coolant accident (LOCA),

-the safe shutdown earthquake (SSE).and the»coﬁbination of these

postulated events, utilizing the criteria described in Section 14.3.3

of the FSAR, and in Toﬁical Report WCAP-7822, '"Indian Point Unit

‘No. 2 Reactor Internals Mechanical Analysis for Blowdown Excitation".

These criteria are consistent with the comparable Code emergency and

faulted operating condition category limits and the criteria which
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have been accepted for all recently licensed plants. Accordingly,
we have concluded that these design criteria are acceptable.

Nuclear Design

The nucleaf.design of the Indian Péint 3 reactor is esseﬁtially
the same as that for Indian Point 2 and ' Zion Units 1 and 2 pfeviously
reviewed by the staff and fOund apceptagle. The design ppwér level
and avefage linear power density for Indian Point 3 is intermediate
to Indian Point 2. and Zion as shown in iable‘4;3 below. Our con-
clusions concerning the adequacy of the nuclear design presented
in the Safety Evaluations for the above 'cited four-loop Westinghouse
designed reactors apply EQ Indian Point 3 in most areas. These
include design bases, reactivity'controi provisions, reactivity
coefficients, nuclear design methods, and the general concept of

reliance on ex-core neutron detectors for power level . and power

distribution monitoring and safety system functions.

TABLE 4.3

Design Power Level and Average Linear Power Density

! ' - Average Linear

Plant ' Power Level (MWt) Power Density (kW/ft)
Indian Point 2 2760 - 5.7
Indian Poinf 3 A 3025 , ‘ 6.2

Zion 1 and 2 3250 ‘ 6.7
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" We have examined the effects of fuel densification on the core
power monitoring requiremenﬁs and have concludedrthat_IndianvPoint
3's system of reliance on ex-core neutron detectors 'is agceptable.
This conclusion is based on the fact that the largest total

peaking factor; F., expected during operation of this- nuclear-

Q’
power plant is smaller»than_the peaking factor (and its associated
power level) which meets emergency core cooling acceptance criteria.
This éomparison is &iscussed below. |

, ' . Fuel.densifigation has Been-observed innsome_Westinghouse

manufactured fuel. Densified fuel can result in local power

1

spikes, greater stored energy -in the fuel, and a_redﬁced heat

transfer capability within the fuel. (See.SectiOn 6.5 of -this

Safety Evaluation for a more compléte discussion). The effects of
fuel densification .on the operation of Indian Point 3 have been calcq—
lated. It was determined that the'cofe can belbperéﬁed with densified

fuel at a power level of 3025 MWt, and_an)FQ3 of 2.56, and will meet

‘the AEC's emergency core -cooling acceptance criteria,
In a separate series'of,calcﬁlations,Athe;total peaking factor,

F., with densified fuel, was calculated for numerous'operatiﬁg condi-

Q

tions. To be conservative, this group of calculated F_'s was calcu-

Q

lated for many extreme control rod'configurations not expected under

usual operating conditions. These calculated values of F have

Q

_ been correlated with the percent of axial offset. Axial offset

is defined as the percent of the difference between the power levels
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of the top and bottom halves of the core?'divided by their sum.

The correlation shows that F., < 2.56 when' the axial offset is in

Q
the range of -14 to +12 percent. The axial offset of the Indian

Point 3 core is determined from measurements ﬁade by the ex-core
detectors. ‘'To account for ex-core detector uncertainty the Technical
Specificationsvlimit the measured akial offsets from -11 to +9
percent when the core is at the design power level.

On the basis that the largest F., value that satisfies -emergency

Q

core cooling limits .equals or exceeds any;F value allowed by the

Q
Technical Specifications, the use of ex-core monitors satisfies
the core power monitoring réquirements.

The reaétor is protected agaihst uncoptrolled axial xenon
oscillations. It is predicted to be stable against azimuthal
oscillations. This will be verified by tests in Indian Point 2
and/or Zion 1.

We conclude that these measures and tﬁose described in the FSAR
assure that FQ limits will be maintained and allow safe operation
of the reactor at the deéign power level of 3025 MWt.

In addition to the proQisions required%for power maldistribution
detection, control, aﬁd proﬁection, a‘limifed number of fixed in-core
neutron detectors havé been included in th; Indién Point 3 design.

Such detectors have also been included in the Indian Point 2 and

H. B. Robinson reactors. The fixed in-core detector system consists




of eight flux thimbles located symmetrically (radially and axially)

throughout the core, "‘Each thimble will have four miniature detectors

235

(sﬁall argon filled, highly enriched U 'fission chambers) with a
sensitive length of -about one inch and will be about 0.1l5 inch in
diameter. Individual detectors have a de;igﬁ limit of about

3 x 1021 nvt.

Tﬁe detectors will provide input to a computer. The readings
for each detector will be time averaged for one minute, and the
compuéer will compute the following:

a. Mean power level seen by each detector s;ring.
b. Axial offset seen by each string.

c. Core mean power level.

d. Core mean axial offset.

e. Radial quadrant tilt factors for the.eight quadrants which describe
the tilted power distribution curve for each detector string.
The comppter will print out an alarm message whenever;'
a; _Any of the 8 mean power levels exceeds its limit.
b. Any of the 8 radial tilting factors exceeds its limit.
c. Any of the 8 axial offsets éxceeds its limit.
- d. The core mean axial offset exceeds its limit.
There is no safety requirement for these detectors, but their.
existence and use will providebextra assurance that poWer distribu-

tion limits are maintained.
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Thermal and Hydraulic Design ’

The core thermal and hydraulic design parameters for Indian
Point 3 and Zion Unit-l are preéented~iﬁ Table 4.4 to facilitate -
comparison of these two reactors. The aesign criteria for-prevention
of fuel damage are the same for bqth reéétors. The first criterion is
that the minimum local DNBR, calculafedlusing the Westinghouse w-3
corréelation*, be maintained greater tham 1.3 for steady state 'and
énticipated transient conditions. The éeéond ériterion is that fuel:
melting will not occur for all steady state and anticipated transients.
We have revieﬁed the methods of anélyses and the results of
core thermal hydraulié performance for a‘épectfum'of limiting -

anticipated transients presented in the FSAR. These include Loss of

Coolant Flow (FSAR Section 14.1.6), Loss of External Electrical Load:

'(FSAR‘Section‘l&ll.S) and Excessive lLoad Increase (FSAR Section 14.1.11).

For all of these anticipated transients," the minimum DNBR during the
transients is well above 1.3 using apprépriate-assumptions regarding
initial power distribution. Additional gnalyses of core performance
during transients have been presented iﬁ‘WCAP—7306, "Reactor Protection
System Diveréity in Westinghouse Pressurized Water Reactors" which

'

is applicable to Indian Point 3.

*The Westinghouse W-3 correlation is used to predict the heat flux and
location where departure from nucleate boiling is predicted to occur.
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Qn the bésis of the épplicant's ability'to calculate power
distribution, ability té.verify these qaiqulations experiméntally
with incore instrumentation, the adequacy of .the W-3 correlation,
the results of analyseé for both the steady state and transieﬁt.
cases of interest, and a suitable mafgin between the minimum
calculated DNBR.and 1.3, we have concluded that the reéétor.therma}

and hydraulic design is acceptable.



TABLE 4.4

REACTOR -DESIGN - ‘COMPARISON*

THERMAL AND HYDRAULIC DESIGN PARAMETERS

Performance Characteristics . -
Reactor Core Heat Output, MWt
Reactor Core Heat Output, Btu/hr
System Pressure, . PSIA .
Minimum ‘DNBR at 'Nominal Conditions

Coolant Flow
Total Flow Rate, 1lb/hr
Average Velocity Along Fuel Rods, ft/sec
Average Mass Velocity, 1b/hr-£ft2

Coolant Temperature, °F
Nominal Inlet
Average in Core
Average in Vessel
. Nominal Outlet’ of Hot Channel

Heat Transfer at 100% Power 2
Active Heat Transfer, Surface Area, ft
Average Heat Flux, Btu/hr-ft?

Maximum Heat Flux, Btu/hr-ft
Average Thermal Output, kW/ft

Maximum Clad Temperature, °F
Clad Surface at Nominal Pressure

Clad Average at Rated Power

Fuel Central Temperature, °F
Maximum at 1007 Power

CORE MECHANICAL DESIGN PARAMETERS

- Fuel Assemblies
Design

Number of Fuel Assemblies
UO2 Rods. per Assembly

*As originally presented in the FSAR

10324 x 10

3025 6
2250
2,21

136.3 x 106

15.6 6
2.54 x 10

542.6
573.0
571.5
633.5

52,200
193,000
539,000
6.2

657
715

4100

RCC Canless

15 x 15
193
204

" Indian Point 3 Zion Station

3250
11090 x 10

2250

2.02

6

135.0 x lO6

15.3
2.52 x 10

530.2
564.8
563.2
631.7

52,200
207,900

" 579,600
6.7

657
720

4250

RCC Canless
15 x 15
193
204



TABLE 4.4

'REACTOR DESIGN COMPARISON (Cont'd)

CORE MECHANICAL DESIGN PARAMETERS

Overall Dimensions, in,
Numbér of Grids per Assembly

Fuel Rods
Number
Qutside Diameter, in.
Clad Thickness, in.
Clad Material

Fuel Pellets
Material
Length, in.

Fuel Enrichment, w/o U-235
Region 1 '
Region 2
Region 3

Rod Cluster Control Assemblies
Number of Clusters, Full/Part Length
Number of Control Rods per Cluster

NUCLEAR DESIGN PARAMETERS

Hot Channel Factors
Heat Flux
N
Nuclear, F
. . E
Englneerlng, FQ
Total
Enthalpy Risey
Nuclear, F

. E
Engineering, F

AH

Indian Point 3

Zion Station

8.426 x 8.426
7

39,372
0.422
0.0243
Zircaloy-4

U0, Sintered
0.600

2.25
2.80
3.30

. 53/8

20

2.72
1.03
2.80

8.426 x 8.426
7 .

39,372
0.422
0.0243
Zircaloy-4

U0, Sintered

.0.600

2.25
2.80
3.30

53/8
20

2.71
1.03
2.79
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5.0 REACTOR COOLANT SYSTEM

5.1 Summary Description
The reactor coolant system includes a reactor vessel and four
coolant loops comnected in,pa;allel to the reactor vessel. Each
"loop contains a circglafing pump and a stegm generator. The
: pressurizer, the pressugizer relief tank connecting piping, and
instrumentation necessary for_operatidnal control are also part of
the reactor coolant system.

5.2 Integrity of Reactor Coolant Pressure Boundary

T

Components of the reactor coolant preésure boundary are Category I
_ and are built to meét the requiremenps of the codgs and;standards
specified in 10 CFR 50.55a, except that the pumps are desigﬁed to an
equivélent.acceptable standard. The stress limit criteria specified
for the normal and upset operating condition categories of the
applicable codes apply fqr normal'lqads, aﬁticipated tr;nsientsxand
the Operational Basis Earthquake. Under the loads calculated to
resulﬁ from the ﬁesign Basis Accident, the safe shutdown earthquake
| : and the combination of ‘these postulated events, ;hg qompoﬁe@ts of the
reactor coolant .pressure boundary are designed_to the applicable
emefgency and faulted operating condition limits of the appropriaté
codes, or where explicit limits are not provided in the codes,'to

the criteria of Appendix A of the FSAR. The criteria of

Appendix A, as modifiéd by Supplement 12 of the FSAR, are consistent




with comparable .current céde criteria. Wé have concluded that these
criteria are acceptable for components‘of;the reactor coolant
pressure boundary.

Table 5.2 lists the Code fequirementg to which the reactor
coolant system has-been designed and fabriéated.

To éssure compliance with the:safety;and design.criteria, ferritiﬁ
materials of pressure retaining component% of the reactor coolant pres-
sure boundary must exhibit adequate fractﬁre toughness propérties under
nofmal reactor operating conditions, systém hydrostatic tests; and
"during transient conditions to which ‘the system may be subjected. We
havé reviewed materials testing and the oberating‘limitations proposed
by the applicant and find them accéptablé%

The applicant'has stated in the FSAR, Amendment Nos. 23 and 24,
Supplement Nos. 9 and 10, respectively, that acceptance teSting~f6r
ferritic materials was performed in accordance with the'requifements
of the ASME Boiler and Pressure Vessel Code, Section IIT (1971 Edition,
including Addenda through Summer 1972). ﬁropweight NDT data have been
obtained for the reactorAveSSel material.

In establishing the operating pressure and temperature limitations
during heatup, cooldown, and insefvice hydpostatic tests of thé system,
the appliéént has followed the recommendations of Appendix G;»"Protection

Against Non-Ductile Failure," of the 1972 Summer Addenda of the ASME Code,

Section ITI. - : ' ,




We have reviewed the specific heatup, cooldown, and

hydrostatic test limitation curves spplisable to Indian Point 3
andnCOnciudé they mest the'currentLfracfure.toughness Regnlatory
staff reqnifemenﬁsw These cdrvss:form ﬁhedbésisnfor the heatup
and sboldown limits inclnded in the Tecnnicdl4Specificatidns..'

We concludelthat the planned operation of the'reactof coolant
systsm‘in confofnande with the Techninal Specificationi1imifsrwill
assure adequate margins:of safety.

Stainléss stéel thst-has been sensifized.has an incneaséd
susceptibilify to stress corrbsion crséking.' The applicant'has
shown in FSAR Appendlx 4D, and Amendment Nos. 21 and 23, Supplement
Nos. 7 and 9, respectlvely, that significant sen81t1zat10n of all
nonstabilized aﬁstenitic stainless steel within‘the reactor coolant
pressure boundary was avoided through materials selection and control
of welding and heat treatiné nrocessés. Thelprecsutions included:
(1) use of apprnved procedures for ‘.Jelding and véfification of
them by periodic quallty control checks; (2) use of low heat input
procedures during shop and f1eld welding operatlons, (3) check of
core structures by the Strauss test; (4) not allowing use of wrought
furnace sensitized stainleSS-steei, and (5) limiting interpass
temperaturesvduring welding to 3SO°F maﬁimum. Wnere sféinless steel

safe ends were welded to the vessel, the weld preparation of both




the safe end and the nozzle were built hp_with Inconel. We
conclude that the steps taken to avoid $ensitization of austenitic
stainless steel during Fhe fabrication beriod are écceptable.

Selected’Welds and weld heat-affec%ed zopgs must be inspected
periodically to assure continued integrgtyléf the reactor coolant
pressure boundary during thé service lifetime of the plant. The
applicant has stateq in Ameqdment No. 21 that the inservice inspection
program fér the reactor coélant ﬁressuré boundary will comply with

~ Section XI of the ASME Boiler and Pressﬁre Vessel Code, '"Rules for
In-Service Inspecfidn_of‘Reactor Coolant Systems," 1970 Edition.
Access for inservice inspection was proVided in the design and
arrangement of pressure-containing’ components. Section 4.2 of‘the
Technical'Specificatiqns lists the insefvice inspection rgquirements
fo; Indian Point 3.

The facility was constructed to allbw either external or internal
inspection of the reactor vessel using aifemotely operable inspection
tool capable of performing inspections o% vessel surfaces, and
circumferential, longitudinal, éﬁd nozzlé welds._

-We conclude that the access proVisions and planning for inservice
insPectibn are'acceptable.' The proyisiohs of the AEC Guideline,
fInservice Inspectidn Reqqirements for Nucleaf Power Plants Constructed-

with Limited Accessibility for Inservice: Inspection," (January 31, 1969)

have been satisfied.



5.3

The ‘applicant has provided, for inservice inspection, access

‘to -the Group B and C fluid systems, such as the engineered safety

systems, reactor shutdown systems, cooling'water systems, and the

i

radioactive waste treatment systems outside the limits of the reactdr

coolant pressure boundary. The applicant stated in Amendment No. 22

that Qheﬁ ASME Secﬁioﬁ Xi of the Boiler and Pressure Vessel.Code is : |
revi;ed ﬁb include additional system requirements in the abbve'areas,

thét these requirements will be evaluated'for application to Indian

Point 3. We conclude that the planning for an inservice inspection

prégram for the Group B and C fluid systeﬁskis aﬁcéptable;

Reactor Vessel Material Surveillance Program

A méterial surveillance program is reqﬁired to monitor changes
in the fracture toughness properties of the reactor vessel beltline
maférial induced by neutfon radiation. |

.The applicant has sﬁown in the FSAR, Amendmenf Nos; 21 and 23;
Supplement Nos. 7 and 9, that the proposed materials sﬁrveillanée“'
pgogram, although‘&iffering in minor Aetails, is technically
equivalent to the requirements of the Commission's Appendix H, 10
CFR Part 50, 50.55(a). The only significant difference iS’that fo
obtain the optimum relationship between the integrated neutron flux

seen by the vessel wall and the capsules, the capsules will have to be
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TABLE 5.2

.REACTOR COOLANT SYSTEM - CODE REQUIREMENTS

The edition of the ASME Code, Section III and addenda to which the major
components in the Reactor Coolant System are designed and fabricated are:

Component L CodevEdition .Clasé Aﬁplicable Addenda
Reactor Vessel | . » 1965':f . A éummer 1965 and Code
v " » - : Cases 1332, 1335,
1339, 1359

Rod Drivé Mechanismv B . 19651 ) A Summef 1966
Rod Drive Méchénisﬁ (paft—léngth) - 1965 | A ‘Summer 1967
Steam Generators - Tube side 19652’ A | 4Summer 1966

_ Shell side 1965 A Summer 1966
Pressurizer | o : i965é A Summer 1966
Pressurizer Relief Tank V >_ l965i C Sumpér 1966
Pressurizer Safety Valves | 1965': e | éummer 1966
Reactof Coolant Pump Volute | - Designgd per ASME III Article 4.

In addition the reactor cooclant pipe was designed;to ANST B31.1 = 1955.
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rotated from_one‘location to the. other during the service life of
the - vessel. _The,prograﬁ»is,apceptable~with respect to the number of
capsules, number aﬁd type‘of specimens, and ;etention qf archive
material. The proposéd withdrawal and,rotation schedule will provide
adequéte'monitqring of radiation effects occurring in the vessel
material.

We have concluded that thevrgactor vessél material surveillance
program will adequately provide for monitoring ﬁeutrqn induced changes

in the fracture toughness of the reactor vessel material and is

. .acceptable.

Leakage Detection System
The leakage detection system provided for the reactor coolant
pressure boundary includes diversé leak detection methods, has-

sufficient sensitivity to measure small leaks including such leakage

 from small through-wall flaws, and has suitable control room alarms

and readouts. The major components of the system are the containment
atmosphere patticulate and gaseous radioactivity monitors, main air

recirculation unit condensate coil collection and measurement system,

and level indicators on the containment sump. Indirect indication of

_ leakage can be obtained from the containment humidity, pressure and

temperature indicators.
We have-reviewed the design and sensitivity of the leakage

detection systems and have cqncluded that the systems have .the.



 capability to detect -leakage from small through-wall flaws in the
- reactor' coolant pressure bhoundary ‘and are acqeptable.

Pump Flywheel Integrity

The loss of pump flywheel integrify,'which could result in
high energy missiles and excessive vibration of the reactor coolant

pump assembly, has been minimized by the use of a suitable material,

"~ adequate design and inspection.

The design, fabrication, and preservice and inservice inspections
for the pump flywheels presented in Amendment No. 21 are in general
accord with AEC Regulatory Guide 1.14, "Reactor Coolant Pump Flywheel
Integrity." Therefore, we conclude that the design, fabrication, and

inspection of the  flywheels are acceptable.

Evaluation of the Integrity of the Reactor Vessel

During installation of thé reactor’ vessel at the site,'a hoist
failed, and the vessel was dropped. A reinspegtion-df the vessel
. was performed, which involved dimensional checks, visﬁal-examination,
and nondestructive examination by'magneﬁic particle, liquid ﬁenetrant,
"and ultrasonic methods. The results.ob#ained from the nondestructive
examinations subsequently served-as a bésis for assessment of possible
damage to the vessel using»stress analy;is and fracture mechanics
criteria. | |

A report prepared by Oak Ridge National Laboratory entitied,

""Summary Report and Reinspection and Appraisal of the Indian Point
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Unit No. 3 Reactor PreSsuré Vessel Subsequgnt to Hoist Faildre on
January ‘12, 1971," covering fhe'above incident and the subséquent
reinspection and evaluation was reviewed by the Regulatory staff.
OQur review of the report reveaiéd that the nondestruCtive examina~-
fion‘techniquesbwhich were used weré equal to or better‘than those
speéified by the‘ASME'Boiler"and:Pressuge Vessel Code, Section IIi,
and in fact permitted a more compfeﬁensiVe examination than that
originally perfbrmed'using the Code specified methods.: No rejectable
defects ‘were disclosed as a fesult of the above indicated inspection,
even though additional discontinuities were shown to be present in
excess of those originally reported.

Appendix "C" of thé ORNL report, which is in two parts, con-
‘tains'én assessment of the effecté of this incident based on stress
analysis and fracture ﬁechanics. "This appendix has béen reviewed‘and

evaluated.

The procedﬁre‘in the first paff of this appendix is in;ppropriate
due to assumptions madé relating'to the stress, the imposed stress
iﬁtensity, and the toughness. In the second part the toughness value
that wés used agrees well with éh estimated lower bound reference

toughness from the ASME Code, Section III, Appendix G, 1972 Summer

Addenda. We believe that the calculated maximum bending stress is

N

-realistic. "A critical flaw depth of approximately four inches was cal-

culated. Our iﬁdependént calculations, pérformed according to the
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procedures of Welding Research:Council.Bulletin No. 175, PVRC

Recommendations on Toughness Requitemeﬁts for Ferritic Materials,

August 1972, confirm the results of thﬁsscalqulation.‘\Further, using

. . . L N
conservative assumptions, we have estimated that a four-inch deep

flaw, assumed to exist. in the‘@ost:deléterious location and orientation,
would have grown less than 0,001 inch due to this incident.
‘We concur with the‘findings of thd report that no rejectable

defects were disclosed, and that any gxistihg.flaws would not have

'

_.been significantly extended as a.consequence of this incident. There

was no mechanical damage té‘the reactor vessel and, therefore, its
integrity was not impaired by the drop Which resulted from the hoist

failure. On this basis we conclude that the Indian Point 3 pressure

" vessel is acceptable for its intended service.

Loose Parts Monitor ?

Occasionally, miscellaneous items such as nuts,‘bolts, etc.,
havé become loose parts withih reactor boolant systems. In addition
to caﬁsing operational inconvénience, sﬁdh looseapa;ts can damage
other components within the system or b? an indicgtion of undue wearl
or‘vibrapion. For such reasons, the stéff has encouraged applicants
over the pasf several years to support programs.designéd to develop

effective, on-line loose parts monitoring. For the past few years

we have required each applicant. for an operating license of .a PWR

[

plant to initiate a program, or to participate.in an ongoing .program,




the objective of which is the development of a functional, loose

parts monitoring system'within a reasonable period of time. We
will require this applicant to commit tq a similar undertéking.

It is of interest to notevthat prototype loose parts monitoring
systemé have been deyeloped and are presently in operation or being
installed at several:plants. None, however, are plants utilizing a
Westinghouse nuclear steam-supply sysfem. We ﬁill be evéluating the

experience gained with these systems as it becomes available to us.
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ENGINEERED SAFETY FEATURES

General

"~ The purpose of the various engineered safety features is to

provide a complete and consistent means of aséuring that the public

.

will be profécted from excessive exposure tb tadioactivé.materials
should a @ajor.accident occur in fhe plént; In tﬁis.chapfer Qé~discuss
'the re;cfor containmené syétém, the emérgéﬂéy cbré cooling syétem, the
aﬁxiliéfy feed&ater syétem,_fﬁel dénsification, and thé:boét'loss—of—

cQolant accident protection system. Certain of these systems have

by

functions for normal plant operations as well as serving as engineered

safety features.

Systems and components designated as engineered'safety,features

are designed to be capable 6f assuring safe shutdowﬁ ofrthe reéctorl
under the advérée conaitioné of the various postulatedldesign basis
accidents 4éscribed in Section 15 of this reﬁort. Tﬁey‘are deéigned,
theréfore; to Ca£egbry:I“éféndards and they must function even with
cémplete losszéf offsité'power. 'Cémponents and systeﬁs aré pfovided

in sufficient redupdancytso thatba sinéle failure of any componént or
system wiii'not result in ﬁhe loss of tﬂe capaﬂility té aéhieve safe
shutdown of the reactor. The instrumentation systeﬁs and emergency
powgr‘éystemsuére desigﬁed fof the same éeismic aﬁd redundancy require-
ments as the‘systems fhey.serve. Tﬁeéé sysﬁems-will Be described in

Secfionsv7 and 8 of this report; respéctively.-
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Containment Systems

Containment Functional Design

The Indian Point 3 containment is a steel-lined, reinforced con-

crete structure with a net free volume of approximately 2,610,000 ft3.

The containment houses the reactor and primary coolant system, including

the pressurizer and steam generators, and certain components of other

engineered safety features provided for,the facility. The containment

R
is designed for an internal pressure of 47 psig and a temperature of
2%1°F. | o | |

Wé have evaluated thé containment éystem in comparison to the
Coﬁmission's General Deéign Criteria stétéd in Apbendix A to 10 CFR
Part 50 of the Commission's Regﬁlations,and, in particular, to Criteria
16 and 50. As a result 6f oﬁr evaluati;n, we have concluded that thé
calculated pressure and temperature coﬁaitions resulting from a design
basis loss—of—coolant accident will not.éxceed the'dé;ign conditions

. . : 1 . :

of the containment structure. The highest calculated containment
préssure ana temperature.are about 44 psig and 268°F, respectively,:
which are.éalculated for the loss—of—coélant accident resulting from
a poétulated double-ended rupfure of a ﬁump suction pipe in the reactor
coolant system. |

The applicant has described‘the results and mefhods used to analyze

the containment pressure response for a 'number of design basis loss-

of-coolant accidents in FSAR Supplément'lZ. Break locétions

[




and éizes were varied to.determine that the double-ended pipe rupture
at the pump suction ‘of the reactor coolant systgm results. in the highest
containment pressufe. As discussed below, we have reviewed these
analyses, and verified by our own analyses tha; the methodé used By
the applicant were ‘acceptably conse;vative.

The ;pplicant has analyzed the cbntainment pPressure fesponse from
postulateq loss-of-coolant accidents in_thé following manner. Mass
and énergy release rates were calculated using fhe SATAN V, LOCTA and
REFLOOD computer codes. TThesé mass and energy addition rates were then
used as inputs to the COCO computer program, which is used by the
applicant to calculate the containmenf pressure response. The SATAN V
computer cbde was used by the applicant:tq determine the mass and energy
addition rates. to the containment during the biowdown phase of the
accideﬁt; i;e;, the phase of the»acqident during which most of the
energy contained in'the'réactor.coolant system; including the.primary
coolant, metal, and core stored eﬁergy, is released to the containment.
To obtain a conseérvatively high-energy release rate to the containment
during thé blowdown ﬁhase, the applicant ektended the time that thé
éore would remain in‘nucleate boiling. The LOCTA éomputer program
" was used to calculate this energy rélease.' The calculational approach

used by the applicant assumes that more energy would be transferred to

the containment for containment analyses than for emergency core
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cooling stqdiesf This additional energy release frpm the core will
increasé the.containment pressure. Both the SATAN V computer code
and the LOCTA computer codeyhave been accepted by the. AEC. for cal-
éulating energy release dpring alLOCA. : -
During the core reflood phaée of the accident, mass and energy
release rates were calculated by the applicant using the computer code
. REFLOOD...The‘analyses'of'the reflood phase of the accident are important
.with regard to pipe ruptures of the reactor coolant system cold legs,
.singe the steam and entrained:liquid‘cérried out of the core for these
break'locations passlthrough the steam generators and represent an
additional energy source. The steam and eﬁtrained_wa;er leaving the
core and passing through the steam generators,&ill be evaporated and/or
.superheated to the temperature of the steam generator secondary fluid.
Results of the FLECHT* experimenﬁs‘iﬁdicate that the carryout
fractidn of fluid leaving the core during reflood is about 80% of
ghe incoming flow to the core. The .rate of energy release to the
containment during this phase is proportional to the flow rate into
the core. The rupture of the cold leg at the pump suétion results in
the highest‘mass_flow through the core, and thus through the steam
generators. We have compared the mass and energy reiegse to the con-
tainment during the reflood phase of the accident ﬁging oqerLOOD com-

puter code with thét predicted by the applicant using the REFLOOD

*FLECHT - Full Length Emergency Cooling Heat Transfer.




computer code. The results of this“cémpariéon indicate equivalent
predictions of energy release. Therefore, we have accepted the REFLOOD

computer code as a realistic method of computing core reflood for this

~ plant.

We have analyzed the containment pressure reSponsé for a double-

ended rupture in the suction leg of the reactor coolant system using

A

the CONTEMPT-LT computer code which includes the energy addition to

the containment from the steam generators. In our analysis, we assumed

‘the core is quenched at the 10-foot élevation, whereas the applicant

assumed that entrainment continued until the‘quenéh front reached the

" 8-foot elevation. Consequently, in our analysis the energy release was

greater and the containment pressure slightly higher. We caléﬁlated
a peak containment pressuré of about 44 psig as compared to 40>psig
calpuiated by the applicant using the COCO cdmpﬁtéf code.

We conclude that the maximum containmeﬁt preééure'is-conservatively

calculated to be below the design pressure (47 péig)‘of the containment

‘structure. :

TheAapﬁliéant has'analyzed the pressure téspoﬁse’of the contain- '
ment interior compértments, such as the reactor vessel cavity and steam
geﬁeratof éompértments, to postulated loss-—of-coolant accidents. The
applicant calculates peak differential pfessures 6f 600 psi in the

reactof:caVity and 6.4 psi in a steam generator compartment, and has

designed these compartments accordingly. The reactor cavity is



6.2.2

6-6 .

designed for a pressure of 1000 psi, and the steam generator
compartments are designed for a pressure of 7 psi. We have per-
formed similar calculations and our results are in agreement with

the applicant's. We, therefore, conclude that the design pressures

of the compartments are acceptable.

~ Containment Heat Removal Systems

The Containment Spray System (CSS) and the Containment Air Recircu-

¢

lation Cooling and Filtration System (CARCFS) are provided to reduce

the containment pressure and remove fission products from the contain-

ment atmosphere following a loss-of-coolant accident. Any of the

following combinations of equipment will provide adequate heat removal

capability:

(1)_Both»spray'trains of the CSS,

(2) All‘five fan-cooler units of the CARCFS.

(3) One spray train of-phe CSS and three fan-cooler units of

t@e CARCFS.

The CSS, which consists of two separate spray trains of equal
capacity;'is designed as a Qategory I system. Missile pro;ection of
system componénts is provided by dire;t shielding andrby physical
sgparatioﬁ of duplicate equipment. The containment sump screen
assemblies, through which the cqntainment spray flows prior tq
recifculation,‘are designed(to prevent debris from entering the

spray system which could clog the spray nozzles.




.The CSS includes a system for injecting sodium hydroxide into the

spray water to enhance iodine removal from the containment atmosphere

if fission products are released from the core following an accident.

The sodium hydroxide enters the.spray water system through eductors.

The motive fluid for the spray additive eauctors is &hg borated water
supplied'from the discharge of'the spray pumps. The. spray additive
tgnk contains,enough sodium hydroxide to bring the ehtire post—accident
containment water inventory to a pH of 8.3. Provision has been made
for monitoring and adjusging the pH of the reéirculéting cpoling water.
A high containment pressure signal will automatically actuate thé

CSS.. The system pumps and valves can also be manually operated from

"the cbntrol room. The spray pumps initially take suction from the

refueling water storage tank. When the water in the tank reaches a

low level, a switchover fromlinjection to recirculation is manually
initiated. During the recirculation phase, spray water is supplied

by redundant recirculation pumps located within the containment,

‘These recirculation pumps take suction from the recirculation sump.

.,‘Environmental'qualification tests have been performed on the recir-

culation pump motors in simulated accident environments more severe

than would be expected for postulated loss-of-coolant accidents.

-Backup recirculation capability.is provided by the redundant residual

-heat removal pumps located outside the containment, which take

suction from the containment sump. At the time the recirculation

phase is initiated, sufficient water has been delivered to the
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"containﬁént to provide the required net positive suction head to
" the recirculation pumps. The residual heat exchangers cool the
spray watef during the recirculation phase.

The Containment Air Recirculation Cooling and Filtration System
'(CARCFS). is designed to remove heat from the containment to prevent
the contginment design pressure from being exceeded and remove fission
products from thé containment atmospheré if they are released following
a loss-of-coolant accident. The CARCFS consists of five equal capa-
city air handling‘units. All components of the CARCFS, except the
filter sections of the air héndliﬁg units, are part'of-thé‘Cdntainment
 Ventilation System which removes heat from the containment under ﬁormal
plant operating conditions. Under accident conditions, a portion of
the air flow'pasées through the filter sections before being mixed with
the main stream and cooled. Receipt of a safety injection signal will
automatically place the CARCFS in operation. The system can also be
manually operated from the coﬁtfol room.

The CARCFS is deéigned as a Category I system. The air handling
unips,'tﬁe air flow distribution header, and fhé service water cooling
piping are located outside the primary concrete shield for missile
protection and at an elevation that precludes fléoding under loss-of-
doolant accident cbnditioﬁs. A11 syétem components are protected
against the differential pressure that may occur during the rapid
pressure fise in the containment'following'a loés—ofjcoolént

accident. Environmental qualification tests simulating accident
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environments have been performed on the fan motors in the air handling
units to assure that‘they will perform satisfaétorily'under post-
accident conditions. Thé CARCFS eduipment, including fans, cooling
coils, damper doors, filters, and ducting, is accessible for inspection
and maintenance during normal plant operation. The system is designed
to pefmit functional teéting of components periodically and after
component maintenance,

We have reviewed the conQainment heat removal systems for con-
formance with ngeral Désign Criteria 38, 39 and 40,'and have found

them to be acceptable.

Containment Isolation Systems

The Containment Isolation System is designéd to isolate the con-
taiﬁment atmosphere'ffom the optside environment under accident condi-
tions. Double barrier protection; in the form.of clesed-systems .and/or
isqlation'valves, is provided so that no single valve or piping failure
can result in loss of containment integrity. - Lines penetrating the
containment, up to and including the second isolation barrier, are
designed to the same-seismic'critéria as the cqhtainment and are con-
éiHered to be extensions of containment. iIsolation valves»insiﬂe con-
tainment are ﬁrotected against miséiles which could be generatéd under
loss~of-coolant accident conditioms. |

The automatic isolation valves afe tripped closed by one of two
containment isolation signals."—Thé first signal is derived from the

safety injection signal and closes most of the automatic isolation
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- valves. These valves are in process lines that have no post-accident

safety function or would not result in damage to equipment if .isolated.

. The second isolation signal is derived from actuation of the contain-

ment spray system. The valves closed by this signal are in lines

which provide céoling water and seal water to the reactor coolant pumps.
We have.reviewed the isolation valve arrangements for conformance

to General Design Criteria 54, 55, 56; and 57,band conclude that the

design meets the intent of these criteria.

Combustible Gas Control Systems

Following a loss~of-coolant accident, hydrogen may accumulate
inside the containment. The major sources of hydrogen generation
include: (1) a chemical reaction between the fuel rod cladding and
the steam in contact with the cladding, (2) corrosion of aluminum by
the.élkaline spray solution, and (3)'radiolytic decomposition of the
cooling water in the reactor. core. and thé containment sumps. The
generation of sufficient hydrOgenAcould,lead to potentially combustible
miktufes_in the containment.

The applicant's analysis of post-LOCA hydrogen generation, which

is based on AEC.Regulatory Guide 1.7, "Control of Combustible Gas

_Concentrations in Containment Following a Loss-of-Coolant Accident,"

indicates that the hydrogen concentration will not: reach the lower
flammability limit of 4 v/o until 23 days after the accident. Our
analysis of hydrogen generation.in the containment confirms the éppli—

cant's results.
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To preclude the accumulation of combustible gas mixtures following
a LOCA; a hydrogen recombination'system is provided. The Categdry I
Hydrogen Recombination System consists of two redundant flame
recombiner units. Either uﬁit will be ‘capable of méintaihing the hydro-
gen conceﬁtration in the containment 3elowvthe lower flammability limit.
A separate control s£ation will be provided for each recombiner unit,
Provision has been made to functionally test the Hydrdgen Recombination
System during normal planﬁ operation and the testing frequency is

"included in the Technical Specificétions.

Hydrogen gas must be supplied to the flame recombiner system as
fuel, and oxygen,gas must eventually be éupplied_to the containment to
replace the oxygen consumed in the recqmbfnation process. Since hydro-
gen and oxygen are not kept at the site in large quantities, bulk gas

“would have to be brought to the site. The applicant has stated that
sufficieﬁt hydrogen and oxygen can be brought to‘the site in about five
: déys”following-a loss—of-coolant aééident;r At this time, the hydrogen
concentration in the' containment would be about 2.6 v/o.'

A sampling system has been provided to peérmit monitofing of the
" combustible gas: concentrations in the containment afmosphere following
a loss-of-coolant accident. Sample lines originate in each air handling
“unit of the Containment Air Recirculation Cooling and Filtration.System.

The CARCFS, with only. three of 'the five air Handling units operating,
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. is capable of mixing the containment atmosphere. Therefore, hydrogen

stratificatiqn should not occur in the containment and the samples
taken will be representative ef,the containment atmosphere.

The applicant has also provided a'backup purge system that is
capable of maintaining the hydrogen;concentration in the containment
below 3 v/o. The purged containment air would be filtered and.
exhausted from the plant stack.

Based on our review of the systems provided‘for'combuetible gas
control following a loss-of-coolant accident, we\have concluded that
the systems meet the recommendations of AEC Regulatory Guide 1.7 and

are, therefore, acceptable.

. Leakage Testing Program

Leakage testing of the reactor ptimary containment and associated
components is intended to provide preservice and periodictverification
of the. leaktight integrity of the containment.

The applicant has stated in the FSAR in Section 5.1.7 that -the
primary reactor containment and its components have been designed so
that periodic integrated leakage rate testing can be conducted at a
test pressure corresponding to the calculated peak accident preésure;
Penetrations, ineluding personnel and equipment hatches, airlocks,

and isolation valves, have been designed to provide individual leak

. testing at calculated peak accident pressure.

We have reviewed the provisions for leakage testing and conclude

that the containment system will permit containment leakage rate
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testing in compliance with '"Reactor Containment Léakage Testing for

Water Cooled Power Reactors,' 10 CFR 50, Appendix J, and is acceptable.

. Emergency Core Cobling System (ECCS)

Design Bases ..

The basic design and layout of the emergency core cooling system
for the Indian Point 3 plant are similar. to those developed'and approved

for the Zion and Indian Point 2 plants. The design bases are

. .to prevent fuel and cladding damage that would interfere with adequate

emergency core cooling and to mitigate the amount of clad-water
reaction for any break size in .the primary cooiant system up to a -
doubie-ended rupture-of the largest primary coolant-line. These
requirements are intended to be met eveﬁ with the minimum effective-
ness of the ECCS, that iS,Aopefatibn assﬁmed without offsite power
and with only two of the,threernsite:diesel generators operable.

System Design

. The emergency core cooling system consists of a high-head safety
injection system, a low-head safety injection system, and an,accumula-
tor}injeétidn system.

'Tﬁe three high-head safety injection pumps deliver water to two
separate discharge headers. The flow from each header is then injected
into each of the four cold legs of the reactor coolant system.

As shown in Figure 6.2-1 of the FSAR, the high~head safety pumps

Hdeliver borated water to one of these discharge headers. The boron
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injection tank is located on the discharge side of the high-head pumps
to minimize the time to insert negative reactivity into the core.
Shpuld one of the thfee high-head pumps fail to operate, water would
still be pumped through the boron injection tank and-then on to one of
- the discharge -headers. As discussed in Section 7’of this report, the
system was modified as a consequence of the staff review .so that it
now meets our single failure criterion.

Four paséively activated accumulators are provided to reflood'phe
core during the loss—of—coolant.accidents resulting from intermediate
or large size breaks. The four accumulators discharge through the low
head safety injection lines to the four cold legs of the primary system.
During normal operation,.the accumulators are isolated from the primary
coolant system by»two'check valves in-series. A normally open gate |
valve is also located in the lines between each accumulator and the
cold leg piping. In order to assure that the gate valve will be open
when operation of the accumulator is required, the design includes auto-
matic valve opening on a Safety Injection signal. There is a valve
position ‘indication in the céntrél room; and audible alarms sound when
the valve is not fully open. Each cold.leg is connected -to one ac-
cumuiator by a 10-inch line.

The boron injection tank is located oh one of the high head

SIS delivery lines, and is normally isolated via motor operated isola-

tion valves. Appropriate safety injection system activation signals
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will place the boron injection tank on'line for delivery, and the

- system design is such that two-onthree high heéd pumps could

discharge throughAthe boron injection tank.
Two residual heat removal pumps provide low-head safety injection
emergency coolant flow whicH'rééovers the core following blowdown.

These residual heat removal pumps take suction from the refueling

* water storage tank. Only one of these residual heat removal pumps is

required to meet the design objectives of the low-head injection system,

therefore, this system can tolerate a failure of an active component.

[

By proper valve‘arrangemenfs the low-head system can be directed
to discharge to the core through two_of the hot legs. Howgver,
premature injebtibn through the hét legs is prevented by the Technical
Specificatiqnsfthat-require locking off of the power’to‘thé valves
controlling injection flow ihrough‘the hot legs.

At the end of the injection phase the emergency core cooling system
is then aligned for the :recirculation phase. Two modes of operation
are possible during the recirculation phase. One mode of operation

establishes a flow path that is completely internal to the containment,

‘the other mode circulates sump water outside of the containment. The

internal recirculation loop utilizes the recirculation pumpé which
draw water from the recirculation sump. This water is cooled in the‘
residual heat exchanéers and then pumped to the core and the
containment sprays. The cycle is completed when the spray Qater
falls to the containment floor and the ECCS water spills out of the

break and then flows to the sump.
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If the primary system break is small, the reactor coplgnt pressure
at the end of the injegtion phase may be above the shut-off head of the
‘recirculation pumps. Under these circumstances the external recircula-
tion mode will be used. In this cooling mode, water is taken'from
containment sump by the residual heat removal pumps, cboled, aﬁd then
injected into the core by way of the high head safety injection pumps.

Care has been taken to minimize possible radiation effects due to
this external recirculation path. Discharges from pressure relieving
‘devices are collected in closed systems and radioactive leakage from
pumps, flaﬁges, and seals in this external loop has been limited to
999 cubic ceﬁtimeters per hour. The staff has calculated that the
&ose at the exclusion distance ‘from this leakagé is ébout 0.1 rem
(Thyroid) during the first two hQurs.following a LOCA.

Performance Evaluation

On June 29, 1971, the AEC issued an Interim Policy Statement£/

containing interim acceptance criteria for the performance of emergency
core cooling systems for light-water cooled nuclear péwer reactors. A
public rulg making hearing on the Interim Acceptance Criteria for
Emergency Core Cooliﬁg Systems for Light-Water Cooled Nuclear Power
~Reactors has been held.

.In accordance with the Interim Policy Statement, the performance
of the emergency core cooling system is judged to be acceptable if

the course of the loss-of-coolant accident is limited as follows:

-l/36 Federal Register, 12247.



1. The calcuiated maximum fuel element cléddiﬁg teﬁperatufe does
ﬁot exceed 2,300 °F;

2. The amount of fuel element cladding that reacts chemicaliy with
water or steam does not exceed 1 percent of fhe total amount of
cladding in the reactor.

3. The clad temperature transient is_terminatéd at a time when the
core geometry is still amenable to cooling, and before the clad-
ding is so émbrittled as to fail during or aftér quenching.

4. The core temperature ié reduced and decay heat is removed for an
extended period of time, as feqﬁired by the long-lived radio-
activity remaining in the core.

Indian Point 3 has been analyzed using the Westinghouse Evaluation
Model specified in Appendix A, Part 3 of the Interim Policy Staﬁément
The résuits of the analyses of the ECCS'perfofmance capability are
provided in Amendments 6, 9, and 19 to the FSAR. |

The applicént presented the feéults of analyses of calculated peak
clad temperaturés for a spectrum of pibe‘break sizes up to and including

[

the double-ended rupture of the largest coolant pipe. The calculated

ultimate power level of 3216 MWt are as follows:

l peak clad temperatures, assuming normal plant operation, at 1027 of the
} ,

|

|

|

|




Break Size and Type Peak Clad Temperature (°F)

Double Ended Hot Leg 1034 *
~ (Guillotine) I
Double Ended Cold Leg S 2003
(Guilloting)
Double Ended Cold Leg 1995
- (Split) : o
‘0.6 Double Ended Cold Leg R 1604
(Guillotine) :
0.6 Double Ended Cold Leg 1924
(Split) R
3.0‘ft2 Cold Leg - . I T 1664
(Split)
0.5 ftz Cold Leg , 3 1124
(Split) ‘ o ‘

The resplts of the analyses indicated»that for each of the assumed
pipe breaks, the total core metal—waﬁer reaction'is less than 1%‘. The
maximuﬁ hot-spot metgl water reaction ig 2.3%, and the total core metal-
water reaction is less than 0.1%. Therefore, no significant amouﬂt of
cladding would becom§~embrittled and the core geometry wou;dube preserved.

As a result, the core would remain amenable to cooling and the long-term .

removal of decay heat would be carried out effectively by the emergency
core cooling system.

On the basis of our evaluation, we consider that-the predicted func-

tional performance of the Indian Point 3 ECCS for the full spectrum of
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break sizes is in accord with the Commission's Interim Policy .Statement

"and satisfies the .Interim Acceptance Criteria for Emergency Core Cooling

Systems.
The above analyses do not include the effects of fuel densification.
This tqpic is discussed: in Section 6.5 of this report. .

. We have reviewed'the,applicant's analysis of the. consequences of

“small breaks reqdiring‘the_operation of the emergehcy core cooling

system. The peak élad temperature associated with the spectrum of small
breaks analyzedAoécurs at the 3.5 inch break size, and is only 1200°F.
In.view of the relatively low peak clad temperature for the worst case

small break, we conclude that the information provided by the'applicant

provides reasonable assurance.that the ECCS -performance is adequate to

accommodate small breaks.

.Auxiliary Feedwater System

The auxiliary feedwdter”system.removesAheat from the_éecondary
system whenever there is a loss of normal feedwaterﬂ .Normal feedwater
can be lost by pipe breaks, pump fai;ures,Avqlve\m@lfunctions; or loés
of offsite power. .The auxiliary feedwater system also_influences the
fuel cladding peak temperatufe foliowing a small break in the primary
coolant system.

Auxiliary feedwater is. supplied by two motor-driven auXiliary

feedwater pumps and one steam turbine-driven auxiliary pump. Each

motor-driven pump will deliver 400 gpm (at a head of 3200 feet) and the
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steam turbine-driven pump will supply 800 gpm (at a head of 3300 feet).
These pumps draw their water from the condensate storage tank and
have an alternate supply of water stored in a 1.5 million gallonltank.
A third supply of auxiiiary feedwater is a‘city water system that
is piped into the auxiliary feédwater pump room. (See Section 9.2
‘of this report for a further description of the condensate storage
facilities.) Electric power for the two motor—dri?en auxiliary feed-
water pumps is automatically obtained from.the diesel generators in the
‘event of a loss of offsite.powef.
Several modifications hgve been made to ‘this system in order to
-giﬁe it additional protection in the unlikely event of High energy
line breaks outside of the containment. The auxiliarf feedwater lines
are.directly connected 'into the feedwater system and experience the
same pressure as the feedwater system, - The staff had a concern that
a break iﬁ an auxiliéry feedwater line'&ithin the room that hoﬁses
"the motor-driven and the steam turbine-driven auxiliary feedwater
pumps-might resuit in back flow from the feedwater system and could
possibly flood these three pumps. .Because of this concern, the applicant
put check valves in the piping that‘connects the discharge side of
these pumps with the normal feedwater system. These check valves
are ldcatéd outside of the auxiliary feedwater pump room and prevent

backflow from the feedwater system into the auxiliary feedwater

system. (See Figure 6.4)
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Another modification madg'by thé applicant as a resuit of our
review is additional protection of the eleciric motor-driven
auxiliary feedwater pumps from a high temperature-high ﬁumidity environ-
ment. The staff postulated that a break in the steam supply to the
steam turbine-driven auxiliary feedwater pump might reéult in temperature
and humidity conditions in the pump room for which the electric motor-
‘driven pumps were untested. These motor¥drivén pumps are "drip-proof,"
but their operability‘at elevated temperétures and in-a steam énviron—
ment has nét been demoﬁstiated. Consequéntly, thé appiicant has installed
- two redundant valves in.the steam éﬁbply line to‘the auxiliary feedﬁater
turbine-driven pump. These valves are outside of;the room that houses
the auxiliary feedwater pumps. Each valve is signaled_to qlosé auto-
matically on high temperature in .the pump room. Each valve has its own
separate temperature sensor. There is contrél room indication of each
valve's posiiion, and an alarm will sound upon closure. Operation of
these vélves would limit the temperature\and humidity rise in the pump
room due to a break.in the:steam supply to. the éteam tu;bine auxiliary
feedwater pump. ' _ B

The applicant has examined the éonsequences of pipe ruptures in
the vicinity of the auxiliary feedwater pumps which might cause flooding
in the pump room. The applicant has deified‘the drainage capabilities
of the pump room to prevent water levels. from rééching a depth of 14

inches off the floor from suéh postulated breaks. At the l4-inch levei,



6-23

water would begin to touch the bottom of the electric motor-driven

auxiliary feedwater pumps. The applicant has also installed pipe

restraints on feedwater lines in the room above the auxiliary feed-

water réom. This ﬁas done tb elimiﬁate any cﬁncreté from the pump
room roof failing ontb tﬁe pﬁmpéAas a réSult of whippingvof the
pipes after>a.postulatédbpipe-rupture.

vThe staff ﬂas revieﬁed tgése modifications and found fhem
acceptable. |

Bécaﬁée of the iﬁportant rble of fhe auxiliary feedwater system

following a lo;s‘of féedwater and also,foildﬁingvsmall breaks in the
primary coolant system, the stéff has revieﬁed the design criteria that
fhis éystem meets. The applicant suppiied é list. of these design
criteria in Supplement 20 of thé.FSAR.

- The priﬁcipal desigﬁ criteria of the auxiliary feedwater system
are that (1) the distribution piping is Categofy i throughout, (2) the
system can withstand a single'failure and still ﬁeet its performance
requirements, (3) the pumps are driven‘by diverse ﬁriﬁéiples - two are
electric driven'pumés and one is stéam.driven, (4) the auxiliary feed-
water pumps aré éutématicaily started by s;fety injection signals or
by a piant ﬁrip éoncurrent with loss of offsite power, and (5) one

-

electric driven pump has sufficient capacity'to limit the steam

. ) »
_generator water level from dropping below 10 feet above the steam

generator tube sheet. ' One electric driven auxiliary feedwater pump -

has enough capacity to limit the primary coolant heat up after a loss
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of offsite power so that primary water is not expelled through
the pressurizer relief valve.

In view of the désign modifications that the‘applicant has

made to limit the consequences of pipe whip, flooding, and

temperature and pressure transients in the pump room, and in

yiew of.the‘design critefia that were in efféct at the time of the
construction permit, we have concluded the design of the éuxiliary
feedﬁater éystem, as médified, is écceptable;

| We have also made an independentbanalysis of the aﬁxiiiary
feedwaﬁer system's éapability toArem0ve decay Heat.following a loss
of offsite power. lBased'on our analysis; one electfic driven
auxiliary‘feedwater pump'has'the'capacity to meét the design criteria
of maintaining at least tenvfeet of water above thé steam generator
tube sheet and preventing the p;imar§ cooléntuéyétem from discharéing
liquid froﬁ thé>pressuriéer relief vélvevafter a loéSAéf‘offsite

power.

- theoretical density of void-free UO

Fuel Densification

The fuel in current Westinghouse reactors is uranium oxide, UOZ’

in the form of pellets. In the manufacturing process the UO, powder

. 2
is compacted into pellets and sintered to form a ceramic-like solid.

The as-manufactured pellets have densities less than the maximum

9" The void volume is distributed

in émall voids or porés thfoughout the pellet.

Some Westinghouse fuel has experienced densification after

.

~irradiation. Densification occurs as a result of high temperature
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¢hanges in the micro-structure éf the oxide in the hotter central
" regions of tﬁé pellets and as'a result' of the disappearance or
annihilation of small pores from the oxide matrix during irradiation.
“Dénsifiéation of fuel causes a decrease in the volume of the fuel
pellet with corresponding chahgés in the pellet radius'and length.
There are three principal effects associated with fuel densification:
(1) A decrease in the pellet length will cause the linear‘heat
| generation rate to increase by aﬁ amount in direct'probortion to
" the percentage decrease in pellet length.
" (2) A decrease in the pellet length can lead to generation of ‘axial
-gaps within the fuel column, resulting in increased . local neutron
flux and the ‘generation of local power spikes.
(3) 'A decrease in the pellet radius increases the radial clearance
between the fuel pellet and fuel rod cladding; causing a decrease
in the gap thermal conductance and, éonsequently, in the’ capability

to transfer heat across the radial gap. This decrease in heat

" transfer capability will cause the stored energy in the fuel
pellet to increase. A decrease in radial gap conductance also
will degrade the heat transfer capability of the fuel rod during
‘various transient and accident conditioms.

In summary, the effects of fuél densification cause the fuel rod
to ‘contain more stored énergy, increase the linear heat geﬁeration
rate of the pellet, decrease the heat transfer capability of the fuel

rod and create the potential for a local power spike in any fuel rod.
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To assess the‘safety implicétions of fuel densification, all
of these effects were evaluated for the Indian Poinﬁ 3 reaétor under
all modes of reactor operation.

Prior to initiating the staff review of the effect of densifica-
tion on the Indian Point 3 fuel, the staff completed a detailed review
of fuel densifiéation effecfs in connection with Point Beach Unit 2
(Docket No. 50-301) which also has a Westinghouse nuclear steam
supply_system. As a result of that‘review, we concluded that
Westinghouse analytical techniques conservatively predict the effects
of fuel densification and are generally applicable to other Westing-
house designed plants. The bases for our conclusions stéted below,
including results of staff calculations, were presented in the
additional testimony prepared for the.Point Beach Unit 2 hearing.

The applicant has used the methods Aeveloped.by Westinghbuse for
Point Beach_Unit 2 to evaluate effects.of densification at Indién_
Point 3.

Using the previously approved methods, a de;ermination was made
of how rapidly the fuel»densified, the clad creepdown, the time
required for unsupported clad tubing to flatten (time-to-collapse),
and the effects of fuel densification on gap conductance. These
determinations are discussed below.

.Examinations of denéity changes in irradiated fuel by Westing-
house have shown that, fo£ exposure times of less than 14 hours of
power operation, no,temperature—depen#ent densification has occﬁrred,
but--that after 2000 hours of reactor operatioiifuel densification

has probably been completed.
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5 pellets in reactor fuel assemblies are

" The prbpérties of the UO
depéndent on the many variablesﬂwhichbexist in the manﬁfaétﬁring pro-
cess., We coﬁsidéfed how the ﬁanﬁfacturiﬁg process could affect densi-
fication and concluded that we are unable to attribute densification to

.the ‘control of one or more processvparameters at this time. Therefore,
until further irradiation data are accumulated, it will bé'assumed that
all fuel will densify to an extent cbnsistent'with presenf obserﬁations.

Wéstinghouse examined the effects of initial density, peak power,

burnup, fission rate and internal gas pressure'on the dehéificatioh
vprocess. The only clear conclusions that can be drawn at this time
are that there is increased fuel column shrinkagerwith deqreased
initial depsity and the assumption should be made that axial shrinkage
'.is gpeater than radiai shrinkage;

Becausé.of these unknowns the evalﬁatiqn'model-spécified by the
staff eonserVatiVely requires the assumption of instantaneous
densification..

Cladding creepdown is the tefm'used to indicate the phenomenoh’
which affects the geometry of the gap between the fuel pellets and
the cladding. |

The applicanf's creep modél (Westinghouse Report E—PA-475, "Clad
Creep Model," Westinghouse Proprietary, October 1972) was normalized
to match the measurements of fuel'réds which had been subjected to

reactor operating conditions. These fuel rods had physical character-

istics similar to those of the Indian Point 3 pr