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INDIAN POINT 2 LOCA-ECCS ANALYSIS

The staff has éompleted its evaluation of the LOCA-ECCS analysis for
the Indian Point 2 reactor‘plant. This plant was originally analyzed with

the FLASH-1 hydraulics code which is a three-~node representation of the

entire reactor system. In this code the core is not identified explicitly ‘

but instead is lumped together in a common node with other pafts of the
reactor system. The output of FLASH-1 is then introduced into LOCTA, the
Westinghouse transient digital computer program used to evaluate the fuel
and clad temperature‘history during the LOCA. Since the three-node repre-
‘sentation of FLASH-1 is too gross to provide a definitive ‘analysis of the
core, the significance of the calculated results is therefore questionable.
‘Subsequent to the analysis presented in the FSAR based on FLASH-1,
Westinghouse developed and described a new multinode hydraulics code called
SATAN in a proprietary document, WCAP 7422-L. This new code represented
a significaht advance in the hydraulic analysis of the reactor system
duriqg the LOCA. SATAN has the capability of representing the reactor

syStem with one broken loop and one intact loop, as well as representing

"special" elements such as the pressurizer, the core, and the accumulators.

The system can be represented with as mahy aé 96 nodes with 2 nodes for

the core region.' This capability permiﬁs the development of considerable
detail in the system analysis and leads to greatly increased insight into
system performancé. The increased ability to calculate flow distributions

with SATAN tends to increase the confidence in calculations for the LOCA

over those resulting from use of the FLASH-1 type of hydraulic codes.



In its review of the Indién Point 2 analysis presented in WCAP 7422-L,
the staff improved its general understanding of the system 5ehavior and
was able to ﬁoint out various inconsistencies and apparent errofs in the
Indian Point analysié in that‘document, both for the analysis with FLASH-1
as well as with SATAN. -Folloﬁing several meetings with Westinghouse, these
points were clarified and a re—evaluatioﬁ of the Iﬁd;an Point 2 plant to
super;ede the analysis in WCAP 7422-L-was prepared by Westiﬁghogse. A
summary of this re-evaluation is presented in supplements 12 and 13 td the
Indian Point 2 FSAR. A maximum péak clad témperature of 2015°F is‘predicted
for the double-ended cold 1ég break based on a comprehens%ve SATAN-LOCTA
analysis of the break spectrum for the Indian Péint 2 reaétor system at a
power rating of 2758 Mwt.

In order to assess the significance of such results calculated by
fhese current téchniques, it is useful to éonsider the bases for the
calculatibnal methods. The construction of the analysis represented by
the SATAN-LOCTA codes rélies on a formplation of interrelated models to
c_harac_te'rize the blowdown hydrat;llics, l‘ the blowdown heat tranéfer, and
the refiooding phase-of the LOCA. At preseht theseAmodels require assump-
tions regarding the transient héat'tfansfer‘hnd;hydraulic behavior of two-
phase fluid‘as well as é proper chgracterization of the system geometry
with flow resistances, friction losses, and pressure drop to identify the
significant flow paths and possible bypassing of flow. The complexity of
the model is further complicated by the coupling effeqts‘that exisf betwveen

phenomena such as heat transfer and hydraulics at any point in time, as



well as for the probably non-linear time—dependen;e of significant para-
meters. As a conseduence~it is not always clear that a choice of parameter
or assumption which would appear conservative in a local segmenf:of the
analysis will prbpagate through the.total calculation as a conservative
influence in the final calculation of clad temperature, nor is it easy
to estimate the magnitude of this influence. Expérimental confirmation
or support of various aspects of the model has been‘accomplished wiéh
varying degrees of completion, with the FLECHT data representing perhaps
the most complete program applicable to the‘reflooding phase. The hydrau-
lic model has also beeﬁ comﬁared to available blowdown daté apd agreenent
with pressure decéy and residual water mass in the veésel is reasonably
good., However, agreement vith these parameters is a necesqary but not
sufficient test of the model 51nce these parameters do not uniquely
identify 1oc§1 flow conditions in the core. 'Therefore, the hydraulic
codes.caﬁnot be considgred as‘having been verified yet in a completely
definitively way.

‘The final output of the SATAN code analysis ié.eStimateé.core flow
- while the information required in a detailed LOCAyanalysis is the local.
core flow. - Since the core is simply noded and the analysis is one-
dimensional, an average core flow is all that can be calcuiated by'SATAN.
Inasmuch as this calculated flow is the result of a.large number of inter-
related variables and assumptions with assoéiated uncertainties, the code
cutput may be reaspgably regarded as a mean value within some uncertainty

limits. Further, the core flow from SATAN with the implied "error" band



is fed into the LOCTA code which embodies the heat transfer model with

its own uncertainties and approximations so that the final calculated

clad temperature history ffom SATAN;LOCTA may be :egarded-as a mean value
within some uncertainty band. The exteut of this uncertainty band in the
calculated clad cemperatdre as well as the probability that the temperature_
may be higher or lower is not known at present. 4The§efore, since a com~
érehensive sensitivity study with sufficient detaiibhas not Eéen presented
>anywhere at this time, it would appear that, in general, thc results from
the SATAN-LOCTA analyses should be regardea as best estimate calculations
rather than limiting or upper bound calculations unless expert judgment

can be invoked to the contrary. Iﬁ additioh,vthé heatvtr;nsfer model
(LOCTA as well as the 1imited model included in SATAN) is based on existing.
steady-state daté, but it is not clear that these relationships and the
Bas;s for the selection of parameters, such as mass velocity and hydraulic
diameter, are appropfiate or conservatively limiting for the tramnsient-
two-phase phenomenon which is being represented.

'Notwithstanding these general limitations, theseAcurren{: methods of
analysis represent a significant advénée over the FLASH-1 generation of
blowdowm anaiysis methods. In oﬁr opinion,‘the present calculational
method as represented By tﬁe SATAN-LOCTA code combination proGides'a
reasonable basis for establishing estimatesiof performance and insight
into the complexrdynamics in the loss;of~coolant accident. Further, it
is noteworthy that a'simple célculation-indicates that a constant film

cogfficignt<as low as 75 to 100 BTU/hr/ft2/°F with a sink temperature of

-

Cr
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1200°F is all that is necessary to turn the peak clad temperature around -
below 2300°F. Such an order—of;magnitude calculation‘tends to reflect
a limit on the magnitude of tﬁe generalized uncertainties discussed above.

A similar issue regarding the limitations of multinode hydraulic code
calculations was considered at a recent meeting at INC among members of
the staff, INC representatives, and Dr. Isbin and his consultan;s, Messrs.,
‘Allemann and Carbiener, for the express purpose of evaluating>compérable
calculations for the Oconee réaétor system, based on use of the RELAP code.
After considering at length some of the detailed aspects of the calculation
for Oconee in which several evident conservatisms were appaxent the gene-
ral consensus at this meeting was that the RELAP-THETA CalCUlatJOHS for
Oconee were reasonable upper bound calculations for the peak clad tempera-—
ture despite uncertainties in the calculational teéhniques. The peak clad
femperature-in this case was approximately 2365°F which was turned around
in about 6 seconds by the blowdown process itself and without the benefit
. of the coolant injectionAsystem. This latter system served to quench the
core subsequently, however, |

Conpared to RELAP, the SATAN hy&raulic code is a somewhat moré advanced
calculational bféc;dure since the core is represented by 2 nodes and the
~system is represented by 70 nodes in contrast to RELAP‘for which the repre- i
sentation is by 1 ndde and 17 nodes, respectively:. Further, the calculations
performed with QAI‘AN for Indian Point were based on a limited sensitivity
analysis from which a conservative combinatlon of system parameters was

selected from among those studied. In contrasty the consensus was reached



onAthe Oconee calculatioﬁs despite the lack .of any sensitivity studies
although some apparent conservatism was noted in the calculations. .
Accordingly, it would appear reaéonable to conclude that a similar con-
sénsus would prevail regarding the Indian Point 2 calculations, based on
SATAN-LOCTA analysis with the choice of conservativelfactors developed
in supplement 12.

On the baéis'of the foregoing, it is'belieVed'yith-a reasonable
degree of confidence that the ECCS for the Indian Point 2 feactor plant

is adequate for a power rating of 2758 MWt.




D. R. Mnller, DRL

J. P. 0'Reilly, CO .
™ey . 9/3/70

RE: ‘INDIAN POINT NO. 2 - STATUS OF CONSTRUCTION -

The enclosed summary of the status of comstruction

" of the Indian Point No. 2 reactor facility is

forwarded for information. This summary reflects
Compliance's view as of this date.

The licensee's schedule calls for issuance of
the operating license by November 23, 1970. We

"have planned our inspection program on the basis

of this schedule. h

Enclosure:

"As stated

ce w/enclosure:

R. C. DeYoung, DRL

R. R. Maccary, DRS

R. H. Engelken, CO

K. Kniel, DRL . ~

N. C. Moseley, €0:1 w/o» .enel
F. J. Nolan, CO w/o encl

DATE p 9/ 3/ 70
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. . Indian Point No., 2

Status of Construction

a. Complete terminations of cables
b. Install fire stops

i A. Status of Construction - 95% complete
% 1. FEiectrical ~ 90% complete

I o o Outstanding work includes:’ .
j .

|

|

¢, Surviellance of cable installation

2. Mechapnical ~ 97% complete

Outstanding work includes:

a. [Final surface cleanup

b. Installation of supports and restraints
c. Completion of pipe insulation '
-d. Installation of Hp Recombiner -+ - DR - -

3. Structural - 987 complete
Items remairing include:

a. Closure of three comstruction access openings for the
Containment building. .

b. Strengthening of buildings, including IP-1 stack, as
required to meet siesmic requirements.

B. Status of Compliance Inspections

Major construction inspection items, including outstanding items,
are as follows:

1. Table A - 75% complete

Westinghouse has provided Con Ed with a written‘statement
on this item. Con Ed indicated that théir audit is nearly
complete. Compliance has audited the eLforts pertaining to
the subject piping.

2. Accumuldtor Valve design

Westinghouse has provided Con Ed with an evaluation relating
to the acceptability of these valves. Con Ed has agreed. .
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.with the WGstlﬂghouae positicn., Evaluation of ‘this subject

by Region 1 is in progress., - o; R ;

Improper stamping of Section III, Class C Vessels

Wastin

heouse indicated that resolution on two tanks is:
pendin

Bne
[
D

lOerF of C nrtalumEdL

Audits of rhe Cadwe;d p'anement and Jebdr covelago with - -

corprpte remains,

Replacement of main stoax Flow nozzles

Containment  Penetration bellows

Material compatability and weld quality. Westinghouse
indicated that this packet would be in final form in ahout
WO weeks,

Review of pipe support installation and clearance evaluation,

’

a. Audit of electrical design review of safeguards instrument
cabling.

_b. Independent review of electrical cable installation,

c. Cable tray loading and separation barrier audit.
d. Emergency diesel power cables lack separations.

Revisions to Complete, jncluding:

a. Cleanup of excess cable at the electrical penetration
‘area. Also, -installation of fire barriers.

b. COnotruct1on of concrete wall between diesels and commor
control panel, . ~

c. - 518 -Boron ank ~ Installation of additionél valve and
change of boric tank level ins trurentdtlon.‘_ o _

d. Erect*on off Darrier between- the 480V switchgear and the’

' strument air compressors. :
e. hmergepcy diesel under voltage start from 480 volf busos.
f.. Installation of strong motion siesmograph,



-
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L. Procedure Preparation

sStatus of Pre-operational Testing . S

a. . Phase I, flushing and hydiostatic testing, 100% completer

b. Phase II, system pre-operational and ‘hot functional
Atestingh5"201;qom91eLe, N S S

2. Completion Status of Testing

a. Phase I, flushing and Hvﬂrﬂ° atic tootln?, 50%- complete.

q

b, Phase II ~ less *hun S%complete.

Status of Health,Pthics Program
Compliance review of program --50% complete.
Procedures

1. Operating procedures - in outline status. Systems descrip-
tions -« complete: ' ' o h

2. Eme lgency plan - anluued in the FSAR Some questions out~

ate to evacuation requirements.
3. TFuel load procedures - In preparation.
4. Startup testing procedures - in preparation.

5. Compliance review of procedures - 0% complete.

Technical Specifications

Technical specifications were recently submitted to DRL. One
eting on,the.subject was-held August 7, 1970. - .- - -

Ltems thl ch may affect fuel 1oadiﬁg date of Novémbef; 1970:
;. Opgfétiugjéﬁéiﬁegrs st?ike |
2. ACRé rebigw

3. Electrical desizn ré&iews‘aﬁd iﬁéfallation checkout .

4. Results of pre-operational and hot functional testing



