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INTRODUCTION

General

The Safety Evaluation by the Division of Reactor Licensing
dated November 16, 1970, included a description of the Indian
Point Unit No. 2 emergency core cooling system (ECCS) and.our
evaluation of the performance analysis of this system for the
spectrum of break sizes up to and including the double-ended
severance of the largest pipe of the reactor coolant pressure
boundary. This evaluation was based upon ECCS analyses berformed
by the applicant and reported in Supplements 12 and 13 of the
Indian Point Unit No. 2 operating license application. These
analyses were performed using‘gomputer codes developed by the
Westinghouse Electric Corporation for analy;is of large PWR
systems having safety injection systems.

Subsequently, the Atomic Energy Commission has reevaluated
the theoretical and experimental bases for predicting the
performance of emergency core cooling systems, including new
information obtained from industry and AEC research programs in
this field. As a result of this reevéluation, the Commission
has developed interim acceptance criteria for emergency core‘
cooling systems for light-water power reactors. These criteria are

described in an Interim Policy Statement issued on June 19, 1971
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and published-in the Federal Register .on June 29, 19713(56'fff§:{12§47).
By letter dated July 7, 1971 the Division of Reactor Licensﬁﬁégi;fo}ﬁéd'
tﬁé'afpiicant of the,additiohél information that w5;id be'féquired:for
our evaluation of the perﬁorﬁancezof the Indian Point Uhif’Ns;'ZsECCS
in accordancé»ﬁith the Interim ?olicy Statéméntﬂ The appiicanf frovided
a revised analysis of the Indién Point Unit.No. 2 ECCS peffofﬁénce in
a docﬁmeht titled "Additional Testimeny of Apﬁiiééht Conéefhihé'Emergency
Core Cooling Syétem;Pefforménce", dafed July 13, 1971. Thié~éﬁéiysis
was éupplemeﬁted by'addiﬁibnal'informétion.in<a‘doéﬁment tiﬁléd’"Additional

Information on‘Emergency Core-Cooiing‘AnalysiS" dated August 16, 1971.

The- analysis was performed using the Westinghouse Evaluation Medel in

conformance with .the Interim Policy Statement; Appéndix’A,'Parth. This
portioﬁ of the Interim'Policy Statement is attached.for.;éféreﬂéé as .
Appendix.I to this report. The;anéiysisiwaszpeffcrméd assuming the .
oécdtréhéexof,a ioSs—ofrdbolant aécidént duriﬁg 6péfétiéﬁgﬁﬁ 102% of
the_requested'liCense power level.

Recent .Experimental Information

Small-scale éxpériments have been conducted by the Idaho Nuclear
Corperation (INC)*, under contract to the U: S. Atomic Energy Commission

as part of the reactor safety research and development work being carried

“out'at the National Reactor Testing Station, principally to assist in the

development of analysis methods to be used in the design and execution of

the LOFT Project. During the past several .years tests under this

Pt

pfégram have beén performed to ihvestigate the phenomena of blowdown

* Renamed Aerojet Nuclear Corporation on July 1, 1971



of,heated high—btessure.water from:
(1) é simuiated reacter vessel With‘and without'intétnalég
(2) 'a simulated teaqtor,prihaty system with é Qessel]agd'
| single etérating loop,' |
V(S) >a single—leop-éystem with an-eiettricaily—heéted simuiated‘
reactor core, and
(4)R a single-loop, electrically—heatéd core system with
accumulatot ECC injectio;.
Thelrésultsyof.some éf these testé (LOFT:Semiécale serles 845—851)
conducted in late.1970 and early l97l showed - that the analytical

technlque (RELAP- 3 Code) used by INC at -that time for blowdown analysis

dld not accurately predlct the phenomena that: eccurred durlng blowdown

after the cold ECCS water was. introduced. The analy31s had- assumed

that uniform. énd~instantaneous,mixing of the cold injectién.water énd:
the hot residual fluid toeok place in the appreprlate zones of the
Semlscale‘system. The tests showed that ‘mixing is 1ncomplete. In
aédition, the analysis did net predict that the cold ECCS water would‘
be ejetted;from the'vessei after injection. This phenomenon was -
observed in. several Semiscale tests.

Although the LOFT Semiscale tests in .this'v'seri.es'have prévidéd
information for evaluation of the.adéqﬁacj of .analytical medels, the
results of thése tests cannot be appliéd'directly to -describe the

performance of pressurized water reactors -following a.loss-of-coolant accident
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because the test loop used was not designed so as to properly scale
parameters affecting system performance. These are (I)Ithe elevation
head of the inlet-anpulus water, (2) the ratio of steaﬁ bubble diameters
‘to the width of the vessel iniet annulus, (3) multiple flow loops,

4) relative loop and core resistances, (5) containment back pressure,
(6) surface to volume ratios, (7) ﬁump flow resistances, (8) steaﬁ
generator model, (9) core heat rate and (10) core interﬁals.‘

Although the results of the small LOFT Semiscale experiments would
not be expected to describe the performance of la;ge power reactors we
ﬁave taken into account the results of these tests in eétablishing the
agceptabiiity of PWR interim eyaluation models listed in Apfendix A of
thevcommission's policy statement by including tﬁe conservative éssump—
tion that all of the water injected by the accumulators during blowdown
is lost. Another considerétion that led to this conservative assumﬁtion
waé the inadequacy of the currently used caléulational téchniques to
predict accumulator water behavior during blowdown. As‘further experi-
mental information or improved calculational techniques become available,

this conservative assumption will be reevaluated.

DESCRIPTION OF EMERGENCY CORE COOLING SYSTEM

. The Indian Point Unit Nd._2 emergency core cooling system (ECCS)

consists of .a high pressure injection system, an injection system employ-

ing accumulator tanks,. a low presssure injection system with external
(to the containment) recirculation capability, and a seperate internal

(to the‘cbntainment) recirculation system. Various combinations of these

X4
N
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systems are employed to assuré core cooling for the complete range of
break sizes.

The high pressure injection system includeé three pumps rated at':
400 gpm at 1200 ﬁsi each and discharging to two separate headers. -Two-
of the three pumps discharging through either a single header.or:both .
headers will provide the required minimum flow. The high pressure inject-
ion pumps are located in the primary auxiliary building adjaéent:to the
containment. Initially a concentrated boric acidiéolution from the
boric acid injection tank is provided to.the suction side of the high -
pressure pumps, followed by borated water from the refueling water
storage tank. ‘Discharge from the pumps is routed through the .two : .
headers so as to inject into each 'of the four primary coolant loops.
Each of  four high pressure injection lines is provided with a check
valve and motor operated stop valve to isolate the system from: the
primary system. Opening of the stop valve is actuated by the .safety
injectién sigﬁaI.'-The system is designed.tO»withstand-a single failure
of an active component without 'a loss of functioen.

- The' four accumulator injection tanks are leocdated in the containment
in the aﬁnulaf'épace'between the secondary shield wall and the contain-
ment wall. Each accumulator has a total volume-ofullOO‘ftB'with a
miﬁimuh stored borated water volume of 700 ft3 pressurized With'nitrogen
to 600 psi; .Each'accumulatgf is cennected to a_séparaté iodp of the-
primary system by a line incorporating two check'valVeé and a narmally
open, remote—ppératé& valve in series. The accumulator will therefore

inject Watér‘automatiéally whenever the pressure'in'the primary system
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is reduced below the minimum accumulator pressure of 600 psi. .

The low pressure injection system includes two pumps each. rated . .
at -3000 gpm at 150 psi arranged to discharge into each of the primary.
coolant loops. During the initial phase of ECCS function, the .pump
suction i;aconnected to the Reﬁgeling Water Storage Tank, When the.

’ waﬁer'in this tank has been used, suction is transferred . to the
containment sump for recirculation of the sumhWater. The low pressure
injéction pumps ‘are located well below grade .level :in’" the primary. .
auxiliary building so as to providetfqr-adequate suction”

head from the containment sump during recirculation. A separate
recirculation system, provided within the containment, includes two
pumps.rated at 3000.gpm at 150 psi which take suction from a separate.
containment sump.' This system can recirculate water to the reactor
via either the low pressure injectionlheader or the high pressure
injection header. Taken together the recircuiation systems are redundant
so as to withstand a single failure of an active or passive component..
without loss of function at tﬁe required flow.

Actuation of the injection pumps and the valves that isolate them
from the primary coolant system is initiéted by the safety injection
signal (SIS) that results from coincidence of two of these low .
pressurizer pressure signals with two of three low presgurizer leye;_.
signalé, or from two.of.three high gontainﬁegt pressure signais.

A1l of the ECCS subsystems can accomplish their’functipqs when
operating on emergency (onsite) power .as Well as ofisite:powgr. ffhonei?

of the three diesel generators should fail to start, the minimum ECCS.
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requifemeht of the accumulators (which require no boﬁer); pius one low
pressure pump, and two high preséufe injeétion pumps would'ﬁe‘évéilable
for opératibn and cépable of providing the required performéﬁcé.M The
diesel loads and ECCS Starfing sequence are arranged so that the system
will be pumping at the full rated flow within 34 séconds followihg'tﬁe

safety injection éignal.

PERFORMANCE ANALYSIS OF EMERGENCY CORE COOLING SYSTEM

General

.. The AEC has developed a set of conservative assumptions and procedures
to be used in'cohjunction with the Westinghouse developed codes to analyze
the ECCS functions. These assumptions and procedures were used by Westing-
house in analyzing the func£ion of the Indian Point ﬁnit No. 2 ECCS. This
is described in Appendix A, Part 3 of the Interim Poiicy Statemént‘ o
(Appendix I to fhié report). |

| fhe design of the Indian Point Unit No. 2 ECéS has not Been changed
aé a result of our reevaluatién of its functional pefformance. fhe |
reassessment of the functional performance of the ECCS, presented in
this section, épplies to an analysis of the plant assuming that the
postulated loss of coolant.accident occurs at a power levél of 1022

of 2758 MWt uéing the Westinghouse evaluation model described in

~ Appendix A. Part 3, of the Commission's Interim Policy Statement, adopted

June 19, 1971. The applicant submitted this reasseésment in supplemental

testimony dated July 13,-1971 and August 16, 1971.
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In order to meet the criterion limiting the calcu}ated pgak clgd temperature.
to less than 2300°F, the applicant will be réquiredzto‘redﬁce éhg aliow_
able nuclear peaking féctors from the vai;es previouslytspgcified-;ﬁ the
proposed Technical Specifications. The Technical Specificaﬁipns will.be
modified to require_tﬁe‘nuclear hot channel factors FqN and EAHN to;bg.reduced
from 3.12 to 2.90 and from 1.75 to l.66,respectively.- | |

In our review of the revised analysis, we first considéred thé éﬁents

that occur during the blowdown period, defined as Fhe time for.qgcg?renge.

of the postulated pipe.break,to the time that thé primafy éygteﬁ preséﬁre |

is reduced to containment pressure, the end of blowdown.

The second phase of the accident, called the refill and reflood

period, starts at the end of blowdown and stops when the temperature

!

Analysis éf the Blowdoﬁn Period

Thé épplicént used the SATAN—V;and LOCTA-R2 comﬁuéef‘codé; f;f.tﬁé
analysis of thg blowdown phaselof the transient.l Using thésé é;d;é:wand
ihe eyaluationﬁmodel.specified in Appendix A, Part 3 of thé.Intérim Policy
Statément,.ﬁhe éppiicant provided the informatién we neéded to éomplefé
our feevaluatidn of the ECCS performaﬁce in-compliance Wiﬁh tﬁe Commission's
Interim Policy-Statementﬂ -

Changes to anaiysis assumptions from tﬁoselpreviously‘used in thé ECCS
performaﬁcelcalculations for Indian Point Unit No. 2 include:

(1) A 5% reduction in the nuclear peaking factor.

(2) A change i;.the model for the.resistancé of the reacfor

i

upper core support plate,.
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(3) A'QOX inérease in éhe decay heat witﬁ a décreasé in heat
deﬁosifion in the hed rod from 97}4% at steady state to

“952 for the loéé—of—cbolant accident.

(4) A 20% reduction in core‘flow‘wheﬁ ﬁpplied to hot channel
Lalculagioné.‘ | |

(5) The time~to departure‘from nucleate boiling should Ee equal
to O.lvseconds.

(6) A revision to the transition boiling correlation.

‘The changes had offsetting effects on the calcﬁlatéd peak clad
tempefaﬁure at the end of blowdown. In'Supplément 12 for Indian Peint

Unit 2 dated July 30, 1970, on Figure.4 of Appendix 14B, a peak clad

‘temperature of about 1600°F is predicted at the end of blowdown

(16.4 seconds after the initiation of the accidenﬁ) comparéd with the new
value of 1550°F shown in Figure 10 of the additional testimony for
Indian Point Unit 2 concerning ECCS performanée dated July 13, 1971.

For the blowdown portion of the accident? we have conciuded that
the "applicant's analysis conforms to the'anal?sis requiréments 1-6
specified in the Commission's Interim Policy étatement, Appendix A,

Part 3.

Analﬁsis‘of the Refill-and Reflood Period

The applicant has considered the thermal behavior of the core
during the refill and refleod portion of the less—of-coolant accident,

which is defined as follows:.
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The vessel refill is provided initially by'the accumulater tanks,
and later by the pumping systems, and is assumed to étaft'at the
end of the blowdown peried. The reactor vessel.is assumed to be
essentially dry at thg end of the blowdown peried, as a rgsult
of the conservative assumption in the Appendig}A,ﬂPart 3 of the
Interim Policy Statement‘that accumulator water injected prior to

end=of-blowdown is ejected from the primary system.

No heat transfer in the core is assumed until the level of
water reaches the bottem of the core, at which time refill

is considered complete and the core reflood starts. Refill

 takes approximately 15 seconds to accomplish ‘for the larger

~ breaks, thus water reaches the bottom of the core approximately

(3)

(4)

30 seconds after the occurrence of .the break.

The reflood of the'core is characterized initialiy by a rapid
liéuid level rise both in the core and in the vessel annulus
until enough of the core is covered te generate substantial
amounts of steam. The initial rate of rise is approximately
6 inches per second and the initial height before appreciable

steam is generated is about 20 inches.

When the amount of steam generated Becomes appreciable, the
pressure drop that occurs as a result of the steam flow te
the break governs the ¥ate of steam flow. The steam‘flqw
path is assumed to be only through the broken loop until

accumulator discharge in the intact loops is complete.
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This assumption is made in recognitioen of the fact that . the
accumulator water could block or partially block the lines
'in'ﬁhgfiﬁtact loops. (For the Indian Point Unit' 2 plant,
for the double-ended cold-~leg break, this assumption results
in a reduced stéam flow rate for about 10 seconds after
water reaches the bottom of the core.) The steam flow
resistance limits the rate of liquid rise in the core, but
the anhuluSXEOntinués to f£i1l witﬁ watef until the‘liqﬁid
level reaches the inlet nozzle. Affer this i£ flows to the

containment by way of the broken inlet pipe path.

(5) When the accumulators have completed their discharge, the
intact loops become additional vent paths for steam generated
from reflood water. This results in a substantial increase
in the steam flow rate and cofe heat transfer. The peak
temperature reached in the transient feor the limiting
double-ended cold-leg break occurs abeut 80 seconds after the

break.

| Onvpage>72 of its édditonal testiﬁony of July 13, 1971, thé appii—
cant states that there were ne deviations from Part 3 of the Commission's
Interim quicy Statement. Based on our review of the additional testimony
as supplemented on August 16, 1970, we have concluded that the applicant

has evaluated the refill and reflood events in an acceptable manner.
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3.4 Results
The applicant has calculated the following temperatures for Indian

Point Unit Ne. 2 at 102% of a nominal power level of 2758 MWt:

Peak Clad Temperatures

| Cold-Leg Pipe Break Area (F°)
8.24 £t.2 (double- | 2300
: ended) .
6.6 ft.2 2280
4.5 ft.? - 12160
3.0 ft.2 1715
0.5 ft.2 2185

The total core metal-water reaction is less than 1% for each of the

assumed pipe breaks.




4.0 Conclusions
Our acceptance criteria, as described in the Commissions's Interim

Policy.Statement are:

(1) The maximum calculated fuel element cladding temperature
should not exceed 2300°F.

(2) The amount.of fuel element cladding that reacts chemically
with water or steam should not exceed i% of the total. .
amount of cladding in the reactor.

(3) The clad temperature transient should be terminated at a
time when the core geometry is still amenable to cooling,
and before the cladding is so embrittled as to fail during

or after quenching.

(4) The core temperature is reduced and decay heat is removed
for an extended period of time, as required by the long-lived

radioactivity remaining in the core.

Theée are the same acceptance criteria that were stated on page 40
of our Safety Evaluation on Indian Point Unit No. 2.

The results of the applicant's analyses for a pre-accident power level
of 2758 MWt show that the acceptance criteria are met on the basis of
analyses performed in accordance with an acceptable evaluation model given
in the Interim Policy Statement with the nuclear hot channel factors FqN and

thN reduced from 3.12 to 2.90 and from 1.75 to 1.66, respectively.
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103 the basis of .our evaluation, we
3

conclusions set forth on Page 40 of our.

have concluded that ‘the"

5

Safety Evaluation dated '

November 16, 1970; are applicable to the operation-of the Indian

Point Unit.2 plant .at 2758 MWt pfovidéd that the limits . on peaking

factors in thé Technical Specifications

above.

are reduced as indicated
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Appendix I
or

Appendix A
; ~ Part 3
_Westinghouse Evaluation Model'»

;Analyags shquig be performed for the entire break apectfum, pp‘tp_and
including the do@bleeended aeyerance of the largest pipe of the,éeactor
.‘’coolant pressure bouhdary. The cgpbingtion of aysgeﬁé:usedlfof‘é#alyéea

' shguld;bgidgxivéd from a failure mode and effectg agélysis, Quingmthe

single~failure criterion.

" The analytical techniques to be used are described in the topical report,
‘*"Westinghouée PWR Core Behavior Following a Loss-of-Coolant Accident"
‘ WéAPw7&22-L'Jénuary, 1970 (Proprietary) and a supplcmentary ptoprietary

" received

Weéiingﬁbusé'report; "Emergency Core Cooling Performance,
"““June 1, 1971, and in an appropriate nonproprietary report to be furnished

by Westinghouse, with the following exceptions:

Forxbreaks_greafer than 0.5 ftzf . ‘
1. Tbe,bregk dischafge coefficieﬁt, (CD); used witﬁithé Moody”diqéharge
'flqw model should be equal to 1.0 for all break sizes. ‘ ‘,”
2. Tﬁe decay heat curve described in'the-p;oposéd ANS Standard, with A.
ZQZ‘allq§épce.for gngértainty, should be used; The-ffacﬁion'of‘decay
| heat_ggné;ated in thg hét rod may bé considefed'to be 952 éfthis

value.
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For largevbteaks in the range 0.6 to 1.0 times the total area of the
double-ended break of the largest cold-leg plpe, two break models
should be used. The first model should be the double-ended severance
("Guillotiné"), which assumes that there is break flow from both' ends
of the broken piﬁe,nbut~no communication between thc Sroken ends;

The second model should assume discharge from 'a single node (“split").

“The time aftér'the break for the onset of departure nucleate boiling

at the hot spot should be equal to 0.1 gecond.

. Por cold leg breaks, all of the water injected by the accumulators prior

to end-of-blowdown shall be assumed to be lost. In this con;ext'ﬁhe

_énd-bf-blowdowﬁ.ahail be specified zs the time at whiéhvze:o breék flow

is first computed. The containment back pressure assumed for the

- blowdown énalyaié éhould not be higher than the_inigialvpre-b:eak pressure

plus 90Z of thenincrease in pressure calculated for the accident under
cons ideration . |

The pump resistance, K, used for analysis should be fully justified.
The effect of pump speed upon K should be considered. The more con-

servative of two assumptions (locked or running) should be used for

the pump during the blowdown calculation.

A calculation for the reflooding heat transfer should be performed.,

‘The containment bhck pressure aséumed for the analySis should not be

‘higher than the initial pre—break'pressure plus 80% of thgiincrease_b _

in pressure calculated for the accident under cohsideratioh.
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The following items should be constraints on the calculation:

a.

‘No steam flow should be permitted in intact-loops;during the

time period that accumulators are injectihg.

poré exit quality should be calculated from entering ﬁass flow

. rate .and nominal .FLECHT heat.transfer.

e

Pump resistance shouid be calculated on the basis of anlbckedu

rotor,

. The effects of the nitrogen gas in the accumulator, which 1is

discharged following accumulator water discharge, should be
taken into account in‘caiculating steam flow as a function pf

time.,

' The pressure drop in the steam generator should be calculated

with thé existing fluid condit;ons'ahd associated loss coeffi--
cients, | | |
All.effegts of cold injection water, in either a hot or céld
leg, on sfeam flow (and A P) sﬁpuld bé.included iﬁ the calcuiation.
The heat transfer‘coefficient during reflood sﬁould beiderived

from FLECHT data. . o _ -



