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INDIANA & MicHicaN Power CompaNy

P. 0. BOX 18
BOWLING GREEN STATION
NEW YORK, N. Y. 10004

REGULATORY DOCISEY FILE £OBY: 1o, 101

Donald C. Cook Nuclear Plant Unit 2
Docket No. 50-316
CPPR No. 61

Mr. Edson G. Case, Acting Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Case:

This letter transmits information concerning the Unit 2 licensing review

" by the NRC staff. The following items are attached to this letter:

1. A frequency‘decay study to supplement our response to
Question 212.]0» )

2. Information cohcerning a November 11, 1977 presentation
to the NRC staff regarding steam generator enclosure
and support capabilities.

3. Additional information on the RHR Tow flow alarm to supplement
-our response to Question 212.32. ”

Under separate cover you will be receiving directly from Mr. M.H. Judkis

of VWestinghouse Electric Corporation, three letters dated November 18,
1977, as follows:

1. AEW-7035 Additional Environmental Qualification Testing
Information (Response to Question 030.1).

2. AEW-7036 Responses to Outstanding Items of NRC Report
to ACRS.
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Ml”. Eo Gc Case - 2 -

3. AEW-7037 Steam Generator Enclosure Pressure
Analysis.

November 18, 1977

Very truly yours,

JT:ea
Attachments

Sworn and subscribed to before
me on this /87” day of November,
1977 in New York County, New York.

[9) yotary Public
GREGORY M. GURICAN
Notary Publlc, State of New York
No. 31-4643431

ce: G. Cﬁarnoff

i lev York County
s' ‘3 33?;‘:3% comrglgi‘llgf gglr’?@'ﬁia‘r’éh 33?"192.2-
R. C. Callen
R. Walsh
D. V. Shaller - Bridgman
R. W. Jurgensen
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, 1 ) ' . _
Summcrary of NRC Mee‘.g on November 11, 1977 C’;ernlng Preliminary

MEalysis of Adequacy of Steam Gencrator Enclosure to New

; Westinghouse TMD Studies .

'

'(‘ In preparation fox' our response to NRC Question 022.3 on the
Donald C. Cook Nuclear pPlant Unit No. 2, which is due to the NRC
in January, 1978, Westinghouse Electric Coxporation has performed
preliminary analyses using their TMD computer code for analyses of
a steam line break accident. Information concerning the results

. of these analyses is being sent under separate cover. The
Westinghouse letter transmitting this information is AEW 7037.

., Since the adequacy of both the supports and the steam generator

compartment had not been evaluated based upon localized pressures
using a new TMD model, a preliminary evaluation of their adequacy
was made, and it was found that both the supports and the structure
were adeguate to withstand the new calculated pressures. The

results of these preliminary evaluations indicated that the load on the

supports would still be within the yield strength of the material
with the asymmetric loads predicted for the postulated steam line
" break using the new TMD analysis.

A preliminary evaluation of the structural adequacy of the
steam generator enclosure indicated that the enclosure was adequate
to withstand the consequences of the postulated break with a
safety factor (load factor) of 1l.5.

Details of the supports and structural analyses presented
at the meeting are attached. Also attached is further information
supporting the current structural capability inside the
conzi inment, and a figure showing the postulated break location.
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' e’ steam generator enclosure hias been conservatively
‘reanalvzed. )
L] .

2 on Chiart 1 are the limiting internal oressures

at various c 1 vointg of the enclosure,

Communication between the enclosure (lower volume) and

the uener vnlume of the containment is vossible onlv at the verimeter

wall deliniated bv voints 1, 2 and 3 and the roof slab voints 7, 9
and 10, Points 4, 5 and & are on the divider wall nectween the two
compartments of the enclosure., Breeching of this wall does not
effect a bv-vass area to the upper volume. ] . o

Tlie ultimace strength oressure cavabilities listed have

Lzon arrived 2t goncidering the following:

a. Mu - the reduction of available re~par area afterx
consideration for axial tension.

b. N =~ .the reduction of available re~bar area after
consideration for moment. .

c. V ~ The reduction of allowable shear sktress due to
consideration -0of axial tension and moment,

To ensure a minimum load factor of 1.5 under onerating
conditions, the ultimate casakilitv of the enclosure must be at
least 1.5 (26.4) = 39.56 vsi,

The caoibility as limited bv section 2 is 41 osi.
However this liasti~ation is imvosed because of an assummed equal
distribution of axial tension to the hoor reinforcement in both
faces of the enclosure wall. There is encugh reinforcement in one

face of the wall to resist the. entire annlied hoop tension.

In this respect, the stresses due to the hoovo bending
: moment at section 2 can ke considercec to be a secondary stress
condition. If there should be flexural vielding at this-section,
it would be self xelieving and not cause cracks througnh the wall.
L .
At section 1 the oressure as limited bv shear is 5L'vsi
h a lcad fackor of 1.5 on design recduces to an. allcwable
un sraessure of 34,0 nsi. Section 1 is therefore the
ing case for the harxier wall,

which wit
uniform des
actual limis

R
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The only other sections where communication could occur
Between the enclosure and the unver containment volume are at
sections 7, 9, and 10 as deliniated on figure 2., As is indicated
on Chart 1 the pressure limitations there are greater than at
"section 1, :

If we were to take credit for redistribution of stresses

-due to meridionnl action the allowable design pressures as qoverned

by the barrier wall would be much g*eater.

Horizontal sqiémic forces on the enclosure wall due to

a safe shutdown earthquake are equivalent to an internal pressure

of 1.6 psi, With a load factor of 1.0 aoplied to the design pressure
when combined with an SSE we have (1,.0) (26.4) + 1.6 = 28.0 psi which
ig small when comvared with a factored pressure of (1.5) (26.4) = 39.6
OSL . : . ’

) In all instances we have maintainédthe required load
factor for the allowable design pressure. Figures 2 and 3 are the

- bending moment and shear curves for the enclosure.

~

We are confident that the new tran sient oressures, because
of the localized areas in which the peaks occur, are well within

the capability of the enclosure to contain them and maintain the
requixed load factoxrs. ‘

e et e messeee e we:w B
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STRVCTURAL MARGTRS AVRILAaJF TO _CARRY INCREASED STEAM

CUSBION oF

e Y

GENSRATOR COHPAKLIENT PRESSURL L.OADS DUE TO A POSTULATED STEAM LINE

-l

.subjected to z uniform maximum compartment pressure load.

BREAX “ccrn N

In chart 1 is presented the maximum pvermitted differential
pressure loads as determined by the current structural an alygls at
critical locations for tension and moment and shear. fThis analysis
treated the steam generator enclosure as a cylinder and ring elements
In
figure 5 is shown the anticipated increases in pressure load capacity
off the concrete cubicle when (a) a more xigorous non-svmmetric
shell analvsis is pexrformed which considers (b) the actual dlstrlbutlon
of reinforcecment areas, and (¢) the actual rather than the nominal 28-
day strengths of concrete and reinforcing steel. The reanalysis will.
also include the effects of nonsymmetric rather than uniform maximum
pressure distribution through the compartment which should have the
e¢ffect of reducing the overall load on the.compartment enclosurxe.
Preliminarxy results indicate that combined bending and tension capacity
resulting from the reanalysis should be increased by approximately
40 percent and shear capacity by 10 percent.

In table 1 is presented a compvarison of the anticinated
pressure cavacities resulting from the reanalysis and the currently
calculated differential pressure loads determined at the various node
locations ag shown in fiqure . esults of this preliminary evaluation’
indicate that the steam generator cubicle has sufficient increased
cavacity to carry the pressure loads, including the original load
factor of 1.5. exceot for shear at the juncture of the common cubiécle

wall and
would bhe
there is
volumes,
location

ice condenser compartment will, where the load factor margin
1.25 instead of 1.5. Xt should be noted that at this location
no communication between the lower and upper containment -

In addition. the calculated pressure determined at that

tends to he localized in a small area and tlerefore its

effect load on the concrete section reduced.
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(1)

(2)

>

FYIGURE S - CCMPARISION OF ANTICIPATED TO CURRENT
" PRESSURE LOAD CAPACITIES OF THE STEAM
GENERATCR CUBICLE

CUPRENT ANALYSIS

1. LIMITING IN TENSION AND MOMENT 41 PSI
2. LIMITING IN SHIAR 50 PSI

CHANGE I CAPACITY DUE TO MORE RIGOROUS SHELL ANALYSIS, NON-UNII'ORM

PRESSURE LOADING AXD USING ACTUAL RATHER THAN DESIGN 28-DAY MATERIAL
PROPERTIES .AND REINFORCING STEEL PLACEMENT AREAS, : ’

1. TENSION AND MOMENT

a. INCREASED CAPACITY DUE TO 50 PERCENT

REDUCTION (1) IN BLENDING MOMENT FROM

SHELT; ANALYSIS 8.2 PSI
b, INCREASED CAPACITY DUE TO 20 PERGENT

INCREASED MATERIAL PROPERTIES AT

28-DAYS ' 8.2 PST

CURRENT LINITIHNG CAPACITY 41.0 PSIT

57.4 ‘PST_ . 38,2
1.5 PST.

2. SHEAR
CURRENT LIMITING CAPACITY " 50.0 PSI
INCREASED CAPACITY DUE 20 PERCENT
INCREASE (2) - |
IN MATERIAL PROPERTIES “ 5.0 PSI

55.0 PSI  _ 36.6
© 1.5 ' pPSI

BASED G CALCULATICNS WHICH INDICATE TIAT APPROAIMATELY 60 PERCENT j
REBAR STRESS DUE TO MEMBRANE TENSION PLUS 40 PERCENT DUE TO

BENDILC MOMELT.

BASED €It TACT THAT‘SHEAR STRENéTH VARIES AS SQUARE ROOT OF

CONCRETE MNATEZRIAL STRENGTH.

I -
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BE ~  COMPARISON OF CALCULATED AND ANTICIPATED
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 ADDITIONAL MARGIN

TABLE ]
PRESSURE LOAD CAPACITY OF THE STEARY
GENERATOR CUBICLE
CALC. MAX: 4P . UNIF. STRESS CAPABILITY
psI " (INC. 1.5 LOAD FACTOR)
30.9 38.1
26.0 3.7
26.0 3.7
26.3 36.4 -
26.6 36.4
 21.08 45.7
© 153 36.4 )
188 1 .7389 i
38.87 52.3

38.8 (LOCAL PRES. DIST.)

.t raw asmyee

| #ACROSS STEAM GENERATOR CUBICLE DIVIDER UALL - DOES hOT COWMUNICATE BETWEEN UPPER AND LONER COWPARTHENT
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o PREGENTATIO
L M STEAM GENEFATOR SUPPORTS TO HR
ON WOVEMBER LL, L1977 S . ,

. ' P

The presentacion included a description of the supports ‘and an

evaluition ¢f tho supports for the new asymmatric: pressure

. . ’ u
. B . Y
. " Fd »F [
LIS

. B

Pigurae 1 is a threo dimensionil view of the NS85 system whichy
shows- thie stean generator uppar lateral, lower lateral and vare-

tical support systanis.

Pigure 2 {g a'plan view of the upper support system., It includes

A\ v
a 2% % 247 belly band, snubbers, and steel embedwments.

FPigure 3 is a plan view of the lower lateral support system
including inner and outor frame olements. The outer frame con=-

sists of wide~flange sectiong which have 1-1/2" x 12" flandes

and a 2% x 21" web.

Pigure 4 shows the inner f£rame which is keyed into the systewm

generator lugs at four locations., Xoads are transferred £rom

P Y

inner frace to the outer frame by shims at six locations.

« R .

Figure 5 shows the vertical supports which are 12" round double

extra strength pipe columns with universal pinned end joints to

sccommodate, thermal displacements, - "

) «

The conservative agsurptions used in the analyeis of tha

5}

koam -
generatdn upper latscal supports were reviewed. These c-aser~
vative assurpticns are listed as £clléus: . .

L. foer deend yenarabor was assumed to be rigid.

: R -1 |
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i . 2. A dynanic load factor of two was used to convert
i ' ' . ) '
{ aynamic loads to equivalant statie loads.
Wg _ ‘
i 3. The peay pressure rather than the steady-state
3 . ,
A » "
1 pressure wag considered. :
i < .. « 4, Total stresses resulting from load combinatlons :
1" wore determined by adding maximum absolute magni=
. tudes of the various loads,
I
: . : .
3 ¥Pigure & shows the routing of the main steam line and its pipe
'z rastraints, 1Two breaks are postulated in the enclosure arxcea, one
jg at the steam gemerator main steam line outlei nozzle and the
sacond break at the lower end of the vertical rud.

Fox éhe first break, tﬁe,gbverning element in the suppart systenm
is the vertical column support system. Dead load, operating
loads, design basis earthqguake (DBE) forces, jet impingemant,

: blewdowa pipa rea rtion lines, and-asymmekric pressure loads were B

combined to walculate total cvolumn load. This load was fnundlté‘-;“

e 73% of the design load capacity.

for the seéoﬁd nreak, tbe govacniné elemant is tha belly hand in

. . SSaay, f
the gteam generator upper lateral support. Por this condlition,

.

Ve 9 et AR AT e i bet bty 15 mo e, s ek B0 S § o St e B ol A & Ma P . gy rwaamhd

the asymmetric ﬁrcssure load and the design basis earthquake
forces when combined wore found to be less than the original

dasign capacity of the upper lakeral gsupport system. For each

Y

of the posztulased hrooshs, it waz found that the supports wors

-

adaquate to carry v new Joads ith no éhange to the original
t ' .

3

; design crikeria. " N
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_decay rcite which could be expected for the D.C. Coo

-

PG COUL UHSREFREQUENCY
~

« (]

.
R

- ;
In order Yo analyzo the loss of flow transien

A

soms Lssossient st be oade of tho frequency decay rate

of the sysce.i. Any disturbance which creates an instanianecus

mismateh between power system load and geaeration resulis in
a trensient frequency deviation fron normal system Irequency.

wnen lead -exczeds genernlion, frequency declines whoreas excess

Hié - . PR

generation results in a tewporary rise in systel: Trequency.
Ynus a study was carried out to deteriine the maximun frequency

X Plant

Tollowing a system disturbance which resulted in an excess load
situation and a declining systeax freguency. Tne follouing in-

cludes a descriplion of the study and discussion of the results

and their implications with rogard to the analysis of the loss

of flow transient.

"

'
Descrintion of the 3tudy "

1

i

»
.

A = e

"

sys

1 ~

|
," , LAY
!

i
)
.

e

American Electr.c Pover (AEP) is q'ﬁighly integrated —

tea within the Bast Central ‘Area Reliazbility (ECAR) region ~-



* cne of minz? cveh reliahility regions in the coumitey. The

ICAR »<flion is an dntegral part of the Qarge castern U.S.:

.
]

latorceonncctod systems phileh have a total generating cap-

Al

Lolllty in eccoss of 00,000 Mi'. Loss of the largest gener- -

N
-

ator or even the largest plant will cause a.generation deficiency
. of loss than ono percent of the interconnected systenm capadbility.
~ ) ’ ) * :

fuch dlsturdances cause only minor deviations in systen frcaquency,

on the owder of 0.1 11z or less, &t the D.C. Cook

R

Plant and throughwe.__.
out the interconnected systems. . Conseguently, in ordor to have .
frequency sxcursions with a declining rate of frequency waich

is-of any significance with respect to the analysis of the loss .

of flow tramsient, it is necessary to presume that a portien of -
’ -

the system in the vicinity of the D.C. Cook.Plant becomes islanded

with excess load.

Hesi e
e

Accordingly, in this an:l&sié an islanded situation

-

vas formulated in such a way as to create the maximum excess

load within the island which in turn would cause maximum frequency
—— .

decay rates. Due.to the highly integrated character of the trans-

[

mission network and the nature of fhe load-generation patterns

- . v
.






»

o .. o

LX)

erlevduy Ln e vieiulty of the D.C. Coolt Plani, it is highly

. (]

inconcoivable that an islanding condition could develop and

a

even kora unlikely ihat the island in this arca: of the system

. Crould be deflcient in genération. The Hworst case" condition

.
.

was fdentified by minimizing the nmamber of transmission lines

“vhich would have to be tripped to creeto an island, wvhile at

. -

the same {ira, cncorvassing an arca of the system sufficiently

.

-

large bu mazizize Lhe cxcess, load condition within the islangd.
The degree of excess loed was further increased by assuming an

extraordinary number of generating units to.be out of service

Aerg

within the island areca. -

The Jsland area selected in this manner resulted in a

complex multimachine network with an initial total generation,:
. i 5

including the D.C. Cock Units, of 3020 ¥ and 'an initial load

+

of 4360 M4 or an,. initial overload condition in excess of 40

Y
1

asercent of the gensration. To form an island condition with

« n
%

such extreame overload would roquire the simultaneous trivping
, .

of up to 29 “ranszission cirecuits. Islands which could be -

.’

created by triizing fewer trancaission lines would have less LT
load and thvs a smaller initial overload resulting in lowver

o)

-~ N fa sl e, ol ~

fr=2uenay ¢aony rates. , .
.




‘ ‘ I
-

he ALP 1¢ad {low and wultlrachine transient

pio

stabilits programz wers used to caryy ocut this study. .

A i

Simplified metheds of analysls, using a single machine to

represent all genceraiion vithin the island, cculd be vsed to

dotermineg “the average frequency perror ca and to deternﬁne

-
L) i

the approximote -naximun freguency decay ‘rate. However, because

*

of the impoxtance of the quastion (o be resolved and taking into

»*

consideration the cxtent of the muitimachine islend area, it wvas

-
. -

decided ?o Qso the mos% accurate an@ detalled si: ulation.meuhoas
available. Such methods result in the determination of transient
Trequencf perforimance for each machina, Although all machines ;_
ténd %o followv the same trend in frequency performance, the
glectrical éaparation of the macgin?; together with differences

in thelr characteristics can result in small Lntcrxqchinc oscill-

ations and possibly in small differences in the maxinum frequency

decay rates. .

Results and Conslusions
- —

\
The results of this study 1ndiﬂﬂtcd that at tne inception

Ll

of this "worst case® islanding situation, the maximum.frequency

decey'wrate was lass than 2.9 Hz pexr second and that this rate

3¢
.
e m————
»




ae,

greadenlly desraiscse The detalled slimulation vas carsicd

voo L o= & soounus -~ sufficiently long to determine maxirmun

Sronwniey deecay rates. Taking into accouni tha performance
o the generatiny ueits and the infivence of the wderfrequency

loed sheddinz vwogras, valch is a mqttqr of policy for all sys-
tems in the BCi -eglon, it is expected, that the minimur frequency

-

2

wiil b

T,

58.5 1 Ligher and that the nipimem value will be
rezehed In v’ wa fow seconds. - The Lrequency would then |

gradually reixrn to some value closer to the normal 60 hZ fre—a
guency. The nature of thisfpost-distéfbance transient dépends on
thoe response chavacteristlics of the generating ﬁnits, the amount:
of wrder{reouency load shedding vhich took place,and the inherent
rospense. characteristics of the systen loads within the island.
Based on the results of this study, 3t is concluded that
the reactor c;olant pumss s@pvld not be tripped at the inception
of a systém disturbanc- which results gn dec}ining frequency
conditicns. The meximum frequency decay rate and the probablem

mindsun system frequency are well within the criteria established

in the Wectinghonse report {,;2AP-342%, Rev. 1) entitled, "An
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Evaluation 0f L35 cf Flow Accidwnts Caused by Power System
Freguency Transients in Westinchouse PWR's"™., Section 6 -
Conclusions and Statement of prosition (Pages 6-1 and 6-2) of
this ﬁCA? axe included herewith as Attachment A. In accordance
with these conciusions, the resultant reactor coolaﬁt transient
would be less severe 1f the pump drive motors remain connected
to the‘pldnélauxiliary supply system, thercby ehhancing the
assurance of maintaining a DNB ratio of greater than 1.3.

Furtherwore, Lo should e emphasized that the study was carrxied

out for a "worst case" disturbance which is extremely unlikely

to occur -~ particularly in such a highly integrated transmisssion

system which exists in the vicinity of the D.C. Cook Plant,.
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Frr the electzicel systemy studind on the &7 2l computer {saction 4) the following conclusions
can be drown,

a

-
-

®  The highest frequency decay rate occurs immediately after the overload is imposad.

& There is a natural unloading effect which tends to limit the maximum possible
© frequency decay rates. .

r: Because the moximunt frequeacy desay rete is aoproximatoely 2.65 Hr/sec at an
attempied CQpereont overraad, an vpper Emit of B lz/ze is o conservative value.

8 For the assumptions previously stated concerning tie load, the initial actual megawatt
overioad of the generztor and the frequency decay rates are self-limiting. Increasing
the attempted ovarload increases the amount by which the generator is actually
foaded up to approximately 89 pereent attempted overload. An attempted overload
of more than 80 percent will result in a load bus voltage drop sufficient to decrease .
the overload and the frequency decay rate.

@ The voltege regulator action rajses the generator terminal voltage and load bus
voltage alter a few seconds, but not enough to modify the rate of decay agversely.

in reactive loading on the generators would have an additional load

et Use of a more reabistic power {octor thon thet assumed in this $tudy

onstrate the conservatism o0f the results presented herein,

t An increase
limiting cf
would den

v The effect of oparating a unit at very low load levels emphasizes the importance of
a uniform distribution of spinning reserve on a powsr systern.

Consitlering these conclusions and the thermal hydraulic analysis presented in section § for o
typical Westinghouse four-loep plent, a DNB ratio greater than 1.20 ,can' Le assured for
credible frequency decay rates with a frequency setpoint greater than £4.3 Hz.

Although this stdy was performed for a typical Westinghousa four-locp plant on a typicel
electrical power system, the resuits form a basis for a position generically appliczatie to 2l
current VWestinghou<e plants. This position is intended to enhance the arderly process

of analysis, design procusem:nt, testing, licensing, and operation of nuciear powvser plants.
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(o 1 crtamensy O eoe0ts ) o the monmam cree B o rate {51 2f0c) shiou!d
Poopnoerior s o0 Gbaong, a sistdoiar of tinn rerctor, withe the pront cepable of

Voot aater the fault s correL i Tha event hnuld nict ceuse core

demuans O guperal 10 sLtiens (ocidopt, Fres s noy Cacay ranvents v excess of
5 Helono are gonsictand hiahty endikelv: @ smali emount of {udd damace’ would he
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(2} Wo credit sed ba ' rnin the analysis ‘o tinping of the resctor coolant pump
cacuit Lreers e ue cricequency. The-clore, there is no reaton o include the RCP
breciter trip on undeiequency as part of the protection system; this feature may be
deleted.

{3) The recommended frtquency trip setpoint is 57 Hz fou plants with 12-foot .17 x 17
fuel aseeimdbly cores (85.2 Hz for 12-foot, 15 x 15 fuel zecembly coresi. As shown
in scetion B, a frequancy setoint as fow as £4.3 Hz would also meet the under-
frequeincy des'gn basis [ 03ition, describad in (1) sbove, for the paticular plant .
analyzed, Arederes of inuividual plants mzy rezult in frequency seipoints lower than
thots mrnbe e ebove, ond provide better coordination with ¢rid system requirements.
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ABSTRACT

.
This study was congluctied to cstoblish a generic position on system ard performance . .
rcqmremem: for loss of flow caused by electrical system frequency disturbances. Engineering
analysis, computer a-lysis, and literature search were eeployed to determine~a maximum
credible frequency decay rate of 5 Hz/sec on 3 typical electrical grid. The study of frequency
decay effects showed that the core of a typical present ganeration four-loop (3425 W\Vt)
Westinghouse reactor is adequately protecied {or frequency decay rates up t6 5 Hz/see without
taking cradis {or the reantor conlant '>um'> pov.cr supply bresker trip, a {eature.which may be
deloted. The recommendad .rcquuncy trip setpomt |s .ﬂ Hz for plants with 12-foot, 17 x 17
fuel assembly cores, and 58.2 Mz Tor 12-foot, 16 x 15 fuel assembly cores.
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¢ pdditional Ini’or_:g.lon In_Responsce To Qunsti.?lz.B?.

¢ ! !

The rxeason thai the addition of the alarwm to indicate
loss of RUR shubtdown cooling flow was committed to by the
first refueling, in the original response, ‘was the nced to
receive the required clectronic eguipment. It is anticipated
that this equiprent should be available within apnroximately
six (6) months and we will install it at the firct appropriate
oppoxtunity following receipt of the equipment., Until this
. flow alarm is installed and operational, we shall station a

» man to monitox cooldewn flow indicator IFX-335 continuously
while the normal RHR cooldown line is in operaticn and the
head is in place,







