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INDIANA l MiCHIGAN POWER COMPANY
P. O. BOX 18

BOWLING GREEN STATION
NEW YORK, N. Y. 10004

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:

l. A frequency decay study to supplement our response to
guestion 212.10.

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

3. Additional information on the RHR low flow alarm to supplement
our response to guestion 212.32.

Under separate cover you will be receiving directly from Mr. M.H. Judkis
of Westinghouse Electric Corporation, three letters dated November 18,
1977, as follows:

l. AEW-7035 Additional Environmental gualification Testing
Information (Response to guestion 030.1).

2. AEW-7036 Responses to Outstanding Items of NRC Report
to ACRS.
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ter. E. G. Case November 18, 1977

3. AEW-7037 Steam Generator Enclosure Pressure
Analysis.

Very truly yours,

JT:ea
Attachments

o n 1lli ghast
Vice President

Sworn and subscribed to before
me on this I a~~day of November,
1977 in New York County, New York.

CC:

GREGORY hl. GURICAN

Nolary Public, State ol Net York
Ho. 3t-4643431

Qualified In New York County
Commission Expires March 30, 1971'..

I'otary Pub ic

G. Charnoff
P. W. Steketee
R. J. Vollen
R. C. Callen
R. Walsh
D. V. Shaller - Bridgman
R. W. Jurgensen
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1

E>um-;~ry of NRC Hee .g on Novembex ll, l977 C..erning Preliminary
.'Si;alysis of adequacy of Steam Generator Fnclosure to New

Xn prepa ation for our response to NRC Question 022.3 on the
Donald C. Cook Nuclear Plant Unit No. 2, which is due to the NR
i'n January, 1976, 'westinghouse Electric Corporation has performed
preliminary analyses using their TAD computex code for analyses of
a steam line break accident. information concerning the x'esults
ox these analyses is being sent under separate cover. The
.5<estinghouse letter transmitting this information is DEN 7037.

Since the adequacy of both the supports and the steam generator
compartment had not been evaluated based upon localized pressuxes
using a new 'Z;1D model, a preliminary evaluation of their adequacy
was made, and it was found that. both the supports and the structure
»ere adequate to withstand the new ca3.culated pre sures. The
results oz these preliminary evaluations ind'cated that the load on the
supports ~~ould still be within the yield strength of the material
with the a~metric loads predicted fox the postulated steam line
break using the new TiH) analysis.

A preliminary evaluation of the structural adequacy of the
steam generator enclo ure indicated that the enclosuxe was adequate
to withstand the consequences of the postulated break with a
safety factor (load factor) of 1.S.

Details of'he supports and structural analyses presented
at the meeting are attached. Also attached is further information
supporting the current structural capability inside the
con" inment, and a figuxe showing the postulated break location.
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': .e'.'ea.,~ generator enclosure ha- been conservativelv
ireanal, ed.

Xndicated o., Chart 1 are the limitinq internal oressures
at vol ious cr ~ Leal Qox nts 0 r tk>Q enclosure ~

Communication between the enclosure (lower volume) and
the uoaer v~3.u~e o" the containment is possible onlv at tne oerimeter
wall. deliniated bi~ points l. 2 and 3 and the roof slab ooints 7, 9
and 10. Poin s ~i. 5 and 6 are on tne divider wali bev;.een tne two
compartments oC the enclosure. Breec! 'c; oZ this wall doe. not
effect a bv-@ass area to the uppex'olume.

~.'.e ulti-.a:.,e strength eressure capabili'es listed have
W Vv ' WrE ree~r 'r g~ >is~ 0 l n knlle i'yrr ~iv — i ~ ~ ~ I ~ ~ v t vikvh aQ ~

a i~au - the re tuctio(l
consideration

b. N - ~ the reduction
co'Biderati on

c. V - The xeduct'on
consideration

oE available re-bar area a "ter
or axial tension.

of available re-bar area after
f,or momen't .

of allowable shear stress due toof'xial tension and moment.

To ensure a minimum load actor of 1.5 under operating
conditions, the ultimate ca"..abilitv of the'nclosure must be at
least l. 5 (26. ~ ) = 39. 6 ps',

The cap-'.bility as limited ny section 2 is 41 osi.
However this li,mi'at'on 's imposed because of: an assummed equal
distribution of axial tension to the hoop reinforce~crt in both
faces of the enclosure wall. T"ere i~ enough reinforcement in one
face of the wall to resi t the. entire applied hoop tens'n.

Xn this res~ect, tne s|:res es due to the hoon bending
moment at section 2 can be considerec. to be a secondarv stress
condition. Xi t!..exe shou3d be f'lexural vielding at this ection,it would be self relievinq and not cause cracks thxouch the wall.

At sects.on 1 the pressure as lisited bv shear is 5 'si
which w='th a l ad fac'.;.ox o 1.5 on desian.reduces to an allowable
un'ora dcsivn e suxe of 3~i.0 asi. Gection 1: . therefore the
actual li- .'=inr, case ".or the barrier wall.



The only other s'ections where communication could occur
between the enclosure and the uvaer containment volume are at
sections 7, 9, and 10 as delinia ted on figure 2. As is indicated
on Chart, 1 the pressure limitation„ there are greater than at

.'section l.
If w were to take credit for redistribution of stresses

~ due to meridional action the allowable design pressures as governed
by the b rrier wall would be much g eater.

Horizontal seismic forces on the enclosure wall due to
a safe shutdown earth<@:ake are equivalent to an internal pressure
of 1.6 asi. Nith a load factor of 1.0 aaglied to the design nressure
when combined with an SSB we have (1.0) (26.4) + 1.6 = 28.0 psi which
is squall when corn@ared with a factored pressure of (1.5) (26.4) = 39.6

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

~ bending moment and shear curves for the enclosure.

be are confident that the new tran sient pressures, because
of the localized areas in which the peaks occur, are well within
the capability of the enclosure to contain them and maintain the
required load factors.
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D~SCt""SIO:u C'F O'."PtiCTUMl'> tARGTNS AVAII>ABASH TO CARRY XPCRE!.SHD STFBH
GHY -:.'GATOR C( '-B>Z'.:<'~~™N'T PRESSURE LOADS DU." TO A POS' a%TED STE~,!I LIKE
BRLX~"i '.CCID .;T

Xn chart, 1 is presented the maximum permitted differential
pressure loads a determined by the current structural analysis, at
critical location for tension and moment and shear. This ai;a3.ysis
treated, the steam generator enclosure as a cylindex and ring elements
subjected to a uni orm maximum compartment pressure load., Xn
fiqure ~ is hown the anticipated increases in oressure load capacity
of the concrete cubicle when (a) a more rigorous non-symmetric
shell analysis is performed which considers (b) the actual distribution
of reinforcement areas, and (c) the actual rather than the nominal 28-
dav 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
effect of reducing the overall load on the. compartment enclosure.
Preliminary results indicate that combined bending and tension capacity
resultinq from the re'analysis should be increased by aporoximately
40 percent an6 hear caoacity by 10 percent.

Xn table 1 is presented a comoarison of the anticipated
pressure capaci,ties resulting from the reanalysis and the currently
calculated differential pressure loads determined at the various node
locations as shown in figure . Results of th's preliminary evaluation
indicate that the steam qenerator cubicle has sufficient increased
capacity to carry the pressure loads. including the original load
factor of 1.5. except for shear at, the juncture of the common cubicle
wall and ice condenser compartment wkly., where the load factor margin
would be 1.25 instead of 1.5. Zt should be noted that at tais location
there is no communication between the lower and upper containment
volumeS. Xn addition. the calculated pressure determined at that
location tends to be localized in a small area and therefore its
effect load on the concrete section reduced.





FIGURE 5 CC!'PARIS XGN Gi" ANTXCXPATED TO CURRANT
PRESSURE LOAD CAPACXTXES OF T>H STYX!1
GENERATOR CUBICLE

A. CURRENT A~."ALYSXS

LX.')IT"'i~ XN TENSION A'Y(D I iGNENT
2 . LXi~lX"'IKG I:i SP. AR

41 PSX
50 PSX

B. CiihÃGE Ii'i CAPACITY DUE TO NORE RIGOROUS SHELL ANALYSIS, HOP--UNIFORM
PRESSURE LCADX.'G A'ZD USX"G AC'UAL RATHER TPZN DESIGN 20-DAY 'ZiTERIAL
PROPERTIES .AND REX'RCXNG STEEL PLACEBO!E~iT AREAS.

'H g XOq A~ D vQW)HQT

CURRH:~T L.:"".ITIC":G CAPACITY
a. I iCr .~%Sr D CAPAC'I~V DUE TO 0 PERCEYT
REDUCTION ( 1) XH BLEi~.DI~~.G i~tOllE'.'tT FRQb1

SHELL ANALYSIS
I'.CREASED CAPACITY DUE TO 20 PERCEPT

XNCREASED MATERIAL PROPERTI-S AT
20-MYS

41.0 PSX

8.2 PSX

8.2 PSZ

57.4 PSI '8.2
1.5 PS

2 . SEEEAR

CURRENT LXHXTD'.G CAPACITY
I;~CREASED CAPACXTY DUE 20 PERCH"iT
INCREASE (2)
XW ~V TER~>L PROPERTIES

50.0 PSX

5.0 PSI

55.0 PSI 36.6
1.5 PSI

BASED G „{ALCi"ACTIONS gy')IC . DDICATE TiBT APPROVE 'ATELY 60 PERCH"cT
REBAR STRESS DUE TO lsEHPiKDi"'E TENSION PLUS 40 PERCENT DUE TO

(2 ) BASED Oi: r ACT Ti'%T SiKAR STRHPG ii UARXES AS SQUARE ROOT 0™
CO'RETE:."-i 'ERIAL S"'REVGT I.



TABLE COf~iPARISON OF CALCULATED AND r'.l'lT CIPATED
PRESSURE LOAD CAPACITY OF THE STER")

GENERATOR CUBICLE

flhi)g

52

53

CALC. f@X: aP
PSI

30.9

2G.Q

26.C

26. 3

26.6

21.04

, 15..3

. UNIF. STRESS CAPABILITY
INC. 1.5 LOAD FACTOR

38. 1

39.7

39.?

36.4

36.4

45. 7

36.4

,
ADDITIONAL flARGIN

5n 13. 8

51-60". . ----38.8

=, 38.9

32+ 3 38.8 (LOCAL PRES. DIST.)

*ACROSS STEAN GENERATOR CUBICLE DIY!DER ';lALL - DOES NOT COltL~)Uf)ICATE BETMEEff UPPER AflD LOWER COldPARTflENT.
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The presenta'~ion i,: eluded a description of Use supports and an

evaluation o." "..he supports for t'ne new asymretrf.c pressure

loadinga.

P3.gux'e 1 is a thrco diemen i:n:"1 view af tho NSGS system
which-'hovs

the ster.L <~enera'tor upoer latcxcL1 g 10Mex lateral and
veL'xca3,

support syste''sB ~

Pigure 2 is a.'plan view of the upper support system, Xt includes
'll r

a 2" r. 24" belly band< snubbers, and steel embech"ants.

Pigure 3 is a. plan view oE the lower latera1 support system

including inner and outor Crar.".e elements. The outer frame con-

siots of v~c".e-ilang:. sections '»'high have L,-l/2" x 12" flanges

RQQ 8 2 Y+ 21 Hebe

Pigure 4 "hovs the $.nn,er frariie which is keyed into t-.he syste~~

generator lugs Bt four locations. Loads are transferred from

inner frere to the outer frame by shies at si.x locations,

'pI

'

I

: ~ )

Figure 5 sho-„s the vertical supports which axe 12". round double

extra strength pipe colum.". >tith universal pinned end joint" to
I

ecco.~da te, thermal c! isp lacements.

The conservative assumptions used in the analysis. of:"... stc~~

generator up."e. lateral supports )vere reviewed.

vQ.tive a's( —,'5>~on i)re lls te(l Bs Gllc'~s:

These c""~.'er

1 ~ 'l",: -"4l!j::a '(~flez'a to vas assuf ~ . < to be r 4@id.
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0,
I

h 'i dyne)..ic load factor o" tao Was used to convert

<«gnat.c loads 0o equiva3,ant static lo-<ls.

3. «he pen';-„pressur eaU:<-r than the 850ady-state

press Uri. Ma8 conslcleT:ed+

4, lotal . "xe~ses resulting from load cotthinations

4)ez'9 QQt:QrblinL~d by a<Ming r.'~xxNQE cxbsolute Haggai

O'QQQ9 02 QBC V'c" L"ious loads e

IPzgura 6 shops the routing of t:he nlain stean line and. 't.A s pi+e

z'astzaAnts, '«Wo braalcs are postulated in the enclosure area) 'one

at the steam generator ma>n steam line outlet: nozz3.0 and. tho

second break at t=he lower en<i of the vcrtica1

j

j

For the «irstbrenk, the governing ale~~nt in the support..syste<t

ia tJle vertical colur,ln support syst: em. Dead load) operating

3.OQQs) design ba -is earthcIuai'e (DBE) forcQG) 3et impingmant'.)

b:tuclovn pipe roa.".Cion lines) and asymmetric prcssure Loads vere

comoinect to walculat:e total ~lou>n load. This load, '<as found,,Co
'e

73~~ od the design load capacity.

Po the second brea) ) the governing el''.Lent is the belly b".".8 ia,
Y

tb Gtean genera"or upg r lateral support. Pox this co.".dition)

t:h as~™etric prcssure load and the design basis earthquake

10 ces 1/hen co 1 i < d 'c/0 r0 f0Qfld ta bc; les s than t'ho or iguana],

design cauzcity ot: the upper l"terai auppor t sy" tee. Por each
I'

f thr~ )9 - ~u1 "e~~pj

G,(J ~<luck te

6a >-4gn cz g ter j,a ~
'

t 1+7 8 ~ounc1

tiara

t t hc Guppox's vore

n< Ã lo.A(1'i '"-'h no c~lan<je to tl~Q orAginhl
R

~ AN@ I ~ ~ l



h ~
~ ~

~ '

~



'} ~r w
~ '«JJJ J J C

C~i

JPJ ~ . - JJ I K JJ]4 ~ AJJ ~ 1
c, '

~

]

4A '~J~w~l J f ~~
\,

C

4

~J

)~raS'f
Pg +jlL~A+J

I 4

t >x.loQ gsoq. u>

gr

J

1

~,

«t~» S

l

I

~ S SJ

%0
l I

(0 I

J

/

lj
rp j'~~+a~

~M~6'~~~"-jK'w l /
P<t. 4 clS+I

~ /.
Q(J

fb

PSg g gyaqJr.g QdDM
rf fJ.l

r ~

r

BTE.AM ~~Ac RATGP
'TOP C~".r=RAC a<sPr owT PLA.u

kS G {p4 5

l



5

7

'

J'
7

~—

*Qg 0 0 fp Q% ghPP'\i~ WJV ~$ '4g 9I ~ 0 W 9 l1 ~% ~, PV +et%
»i,n 'J~iu'gw acre'7l;ic..~." 5 aaa"gscSs~ l~&Aa'

I
«~~

~

~

~

~
~

~ ~

~

~ ~~ ~
~

~

~

~

~

~

~

~

~
~

~

~

~

~I
~

~~
~

1~!~~ 7

4r

~ ~
~ ~

~

4+44 AA kt+~4AAK 4! 44 ~ ~ %%1~% 4 1 i %K g ~

~ ~
'

e

~ ~
~ ~ ~ M

~ ~

~ /

~ 7

~ 7

'h ~

~ p
~ ~

~ ~

~ ~

'

7
r ~

+~ Q~ ~

/ t
4 tf%~

~ 7

~ '7

~ ~

~ ~

~ ~

~ ~ e ~ ~

~ z



Art L W th W
~ L

~ e ~

p ~
~

r

~ L ~ (
~ r

CIII,A%N~
r

~ ~

'L ~

C

0



~ I ~

~ ~ a. ~ ~ ~

a
~

Cl

Iy

jt
f).

ej

(

Ca
a

'l

a ~

~ ~ - ~

~ ~

~ ~ a ~ r ~ ~ ~ ~ el ~ e

' e

r ~

~ ~

~ ~ ~ ~

a

a

~ ~

~ ~

e

\ a ~ ~ ~

a

ra

~ ~

~ re
~ ~ ~

~ a,

~ e

t'
I 4(0»t(p -<

~ ~ e'. ~ ~
' ~ ~

~ ~ e'

'(I((t(CL lp 54
f.t,'Ill ~ ei('/I'I

~ ~

4) iar 3 Mgr

5 ~ (1 ( ~a Ie(,% I ET C E

(
(

'~ glrive(pe f(pS
Q»

( ~

t=.= -.1')-

eeV4a ( ~ t ~

~ l ~

L:,
~

I ', ~

~ ~ ~ 'a

~ ~

e

~ ~

~4V(baal "„(Zatl
y,'(U',ugt($ ( aPL Q,

~, 1J

1
tp

e

((

!j

~"

'a ~
~ t

a
~ ~

~ ~

I
a

~
~ ~ ~

'a

fQ).

)
Qpsg

~ ~

( LSD 8 r ~ a.a i )' ~ 2 I
r1 - {'X.~a"»t'ai(f< >) if1<~e

4 r~'e I «rea
. (a . pire( ~a I"~~ t~$ .. ',

(
I

rQVrh'rV

I
a

~ (

I

l
i
l

'e

~
~

P'~as t,is pc j

l
~ ~

A

~ ~ a
~ ~

~ r
a e

~ ltt l(
st ~

~ ~

e

e

I ~ ~

J

l
'l ~

l

~ e ~
~ ~~, ~ e,

e ~

~ ~
~ ~

~ ~

e a ~

~
~

~'1(el D1(>al, (

~ g 4 0'hi%ca'l Qt((ak

I

~ ~ ~

L" J

~~V;"T~
Oi.'W(.

I(I' I'

4'l
CAre(

~ +
a

f'l((
la,

II

erat'eeet aa leI

t
re e 'F

5CCTtOV ~-~>
..MmL f 2' ("el «

<:lg QU +

qJ



I ~
e

~ > „~ r

I
~ ~ I

~
~

~

~ N

~ ~

~ ~ V ~

j fIIP~Sg O g
I"

~ ~
~ ~

~ $r I h \ ~
~ ~ a

~ ~
~ a ~

>tia ' ill ~ Ia

f".«g~

t

C 'I ) I . ~ ' ' ')" TI~«p pl Ir, «w e6 la h" I~gaa )'4
~ ~ r ~

(aa IV p tq ~p, PA~l'g P.h +4: aegP, e P)(fvr Ir
g e

II + ~
~ ~

~ r ~

ea

'I
~ ~

I

~ a.
0

~ e

~ ~

~ ~

* .

~ ~ ~ l ~

hr

P

r

'4

e ~ 4

e
~ '

r

':.''::: '''
.~ ~ '0

EVa att~I I

ath

5 \ ~ AhCTOT

'I
Ie

N P)h >e
IW a

>A
a

~ ~

I e ~ a }
e )at(} ~ ~ I e~ ~

~ ~ ~ ~ a

~ e hI>

Iehh>
LI C 'V4'> t 'he

vl
ice

t

I '}
I

i '.:I

4 >aI Methyl e'

C
1

t.aet t)l

q f'III
t 0 rara hr

bJ
64

.QC ~a 4.Af'g'
~ ) l-J) ~wvharehe h' l ~ a r

A r>4>:t W
t ~ th'q hIe4 th Sd,I'/

I'
\ ~

I ~ ~

I Il ~r ~

",)1

~ ~

' I ea ~
~ I ~

I

e I>

r
~ ~

a

~
'

g)
hI

~ >

th r> ~ ~
he h ~~ re

~ ~ ~ I
W hh h a ar ~ r

I
ra e> ~ r ~

~ he',

~ ~

~ hh ~

I,

t

I

p

,I
I

~ r e ~

'a
ar

~ ~

l r
' > ~ e

I
e

~ ~ ~

I

e ~ ~

e

~e

a
~ r I

( I ' >.'.~ aI

~ '

,i
hh

}4
~ .t

g I
~ al 4'< ~'i4f

c
I

a,. ~ h> dr ' ~ hra r
~ g~> h r hr ar a~

a. ~~ rr ~

tV~~ CC

~ar:
P ~ T X

I.yrha W

'I S 'tea

'

~ >T >r Ve> 'a

'I ~

~ e ~

~ r ~

A
I ea ~ ~, r r

~ ar I' T']7 ~ 'I

RW &.t4 4~> (

e ~

~ ~

~ ~ ~ ~ I
~ \

ge
hr( ~ ~ a

~ >r ~ ~

A)A/~ ~ >w ~

I ).hZ .')'VI>t\t e )I



Xn or er to an.".ly"c he lo"s of
flower

transient

so"-o c. sa-.s;.c". ~ ', u:.'e '.;ade of the f'rec~uency c!ecay ra'c

of tho syscc.:,. Pa~y disturbance which creates an instav~".necus

mismatch bo Creen pover sy tcm load and ge ceration results in

a crcnsic.'zv «rcc ency deviation pro:a nor™al syste"> freqi'ercy

'~itoYl 1GGQ o':..0 'cd s 'gener" I'ion freguency declines vhcreas 0 .c Gs.

generation rc"ults in a te.'=porary risc in syste-". frcouency.

5."nus a study was carried out to deterge".inc the rraziIaura frequency
~ *

decay r".i;e ~ihich could be expected for the D.C.. Cool~ Pl nt

folloning a sy te~ disturbance which resulted in ah. excess load

situation "nd a Qe lining syste~ freouency. The fo11o~:in~~ in-

eludes a descriptio» of +he study and discussion of the results
I

and thoir i~plications vitn rogard to ti'~ analysis of the loss
II

of floe transient.

lt
a

systca

I
l

American Electric Pover (A"P) is a highly integrated

within the East C ntral 'Area Peliabilit'y ( CAB) region--
'



Q?)Q o]. ?li )~ L f'h r( ( i a~wil i,y w( idio )i in thc co qtr, if-.~ ~

E.'C'L A ''
. owl. i c.n ))teg» l )„Q]>t Qf the l L~~pe e stol n U Q

intorco': l(. ~ c;o3 systems ;:!'..ch !).ve " total gener.=t5.ng cap-

.,:»3.3.tv in e::cess af 400.0";>0 H . Loss of the largest ge:)er-

ator or even the l:rgest plant ~;ill cause a,.generation de iciency

of loss han one pere'ent of the interconnected system capability.
P

Lu .) disturbances cause only ~ii)or devi. tions in system f cauency

on the order of Qol !$ i~ or less y
«'t the D«C ~ Coo'k F'la?it and 5 roU>h-

out the interconnected systems.. Conseouently, in ordor to have

frequc?)cy Gzcur ion. "ith a declining rate of freoue.lc) "'hich

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

of flo~ tran ient, it is necessary to presume that a portion of

ti)e system in the vicinity of the D.C. CooL. Plant becomes islanded

with e:;cess load.

Accordi))gly, in this a?..:lysis an islanded situation

lras for~mla~ed in- uc:) a way as to create the rrazimun excess

load within the island which in turn would cause vanir uov frequency

decay r te . D:; .to the highly integr tcd character of the trans-

mission net'~;os nd the nature of thc load-generation atterns





e '.:"i i"., '.,'':(' '.c '."'~'f t}i . D C ~ Coo} Plant i iC " 'lighlv
incon'caiv~'.ilc C}lat an isl':ndir.,", cond',ion cou d develop and

1

e i Qn <i Oa '3 i~lJ ioie ~ i u'l island in this are".'f tne system

>O~Qd be ref'.ci nt in penira';ion. The ";>OI t ca e" condition

»as uientified b"„'inimi':ing t}.e number of tran mission lines

v.bich would }lave to be tripped to creauo an i.sland, while at

the sa™e ti'
g

CPco!"'>i.Csin'i an Brea of C}lc spstem sufi icienulg

l;:.'„.u i,o -'. zi', t,i:e c:ce.s, load condition ii3.thin the island.

The degree of exce. s load MB. furC leI'ncI'eased bg as uming Bn

extraordinary nunber of generating units to.bc out of service

vkthkn Chc island area.

The island are" selected in this t"armer resulted in a

coL'plex multiwac}line notvor}c wit}l. an in3.C3.al total
generation,'t.ncluding

the D.C. Cock Units, of 3020 hN and 'an initial load
L

of }t366 }~8 or an. initial overload condition in excess of 40
~ ~

,percent of the gen~ ation. To form an island condition with
4

such extrcme over'load r ould roquire thc simultaneo'us tri}3ping
I

of up to 2, -;:ar""=ission circuits. Xslands ilnic}i could be .

created by t". "..'ng fever tran';='ission lines would }lave less

load and t}>'." a s™aller initial overload ;i sultin- in lower

gg,qnv iQ *,g q re CA+



<i>e ~.-=-,y x;:ad
halo>=."

and t."u3,ti~="-chine Cr-v.,went

s gab<3. '.. pro„,l al"-'3 'frere us. Q 7;o car 'y GU.C tfkis s t U'~(y

S~r.;pixficd re hods o".. analvsis, 'using,; single v,:achine to

represent al 1 pen rp "ion /pe thiD, t je i, l < jd could } e used to

~'"."-t» ~axis"...z frequency decay rate. ufo.rever, because

.Qeterain Che. avera,",c frequency pcrfor~'-.nce and to determine
~ 'lh

the approx

of thc iLsortance of the qu~stion to be re olved and C."zirg into

consic,'oraCion the eztent of the r:,ulti.-..".eh'.ne isl ..nd urea it i;as

decided Co use the ~nost accurate and detailed simulation~ethods

- available. Such r"ethods result in the deterraination of transient

X'requency perfo="lane for each rim,chine. fd.though all machines

'end ';o foll.o;r the sa~e trend in frequency perfor.'iance, the

e~ectrical separation of the machines together ~rith differences

P~n their characteristics can re ult in small interuachine oscill-

Qtions and p G's ibly in small differenc es in the n ~:i"'um frequenc

decay rates.

besults a-d Conclusions

The results of this study indic. ted that at the inception
~ 1 ~ I ~

\
o" tn's "worst case" islanding situation the nsaxitnm frenuency

Qec.„'rate as loss than 2.> Iffy per eco»d, and that this rate



f,V'".(,V'..L~,Y d G .J'~'~.~BC'~ ~ Tnc dct ~ 'cd si-":"'Qation i'as car icQ

'

4 O~ Je 4 v v'4 Ox''ll.d ~—st'f" c~.e.ntly lory to deter.",.iz. r;x:ir ~»
„~

r,"„,+'. +, pa'"inr i@to acco;,J '„' ),J pc«$ or+ance

oi the „"cnew.".'~".';".", u.i its and the influence of the u;>Qerfrequency

lead,",heddin„.-, 'o -r" ". which is a rnatter of policy for -11 sys-

tees in, the FC; = ..~icn, 't i e:wiect..d.t!iat the ".ii~>~~u~ frcquen<.y

)Q.ll be $8o$ 3.'- ;«gi er and that the nivimu-: 'alue ~r3.11 be

~ <'che'econd". The frcq.:ency ~.oulcl then

gradually re:.'..:n to so."e value closer to the noir:al 60 hZ fre-

Ouency. The nature of thi" post-disturbance transient depends on

the response ch." «cteristics of the Generating units the amount

of u «erfreoconcy load heddin„ i~hich too'<'lace anQ the inherent

"Os@on"e cha=acteris ics of the vste=i loads ~Q.'.hin the island.
'

Based on the result of thi" study, it is concluded that

the reactor coolan'. puws shoved not be tripped a the inception

of a system disturl~anc. which result. in declining freauency

conQitions. The n~ ciriuri frequency decay rate and ti:e probable

minimum system frequency "r " r.'ell iiithin the criteria established

in the'i'c" tinchouse rcport (.,'»AP-8's24. Hev. 1) entitled "An



j"va3uation of 1,>=;", of g 3.ow i~cci"..ants Caused by power Syst: em

Frequency Transients in Nestinchouse PN3.'s". Section 6—

Conclusions and Statement of Position (Pages 6-1 and 6-2) of

"his 'i'".P are included herewith as Attachment A. In accordance

<~i.th these conclusions, the resultant reactor coolant txansient

wou3.Q be 3.ess severe if the pump drive motors remain connected

to the plant am:iliary supply system, thexeby enhancing the

assurance of maintaining a DM3 ratio o» greatex than 1.3.

T.urt ~r iore, '~ -'iiv«ld i '. emphasized that t'e stuQy was caxried

out for. a "worst case" disturbance which is evtremely unli3cely

to occur —particu3.arly in such a high3.y integrated transmisssion

system wnich evists in the vicin.'ty of the D.C. Cook Plant.



~s ~
V~(P«'L>< ~ ~ ~ < WWk

F>r the elect;ic; l system .'.t.<.'i <! on the <'„',~l computer {section ",) the following conclusions
can be drav.n.

The l)ig!'c;t frequencir decay ra',~ occurs immer!iately after the overload is imposed.

There is a natural unloading effect v(hich tends to limit the m=ximum possible
frcqucnc" decay r<.-tes.

Because the m.:xin un~ frc'<uency di:c<ay r'.e i: aoproxima'."iy 3.65 l)71sec at an
at'ip'.t; 0 pcr(,';."<t ov<;r <>ad an up< "~r !:mit of 5 lili<.'.c is a conservative value.

For the assumptions previously state! concern,'ng ti:e load, the initial actual megawatt
overload of the generator and th;i freq ency decay rates are self-limiting. increasing
the attempted overlo<".d ir rcases the -mount by ivl~ich the generator is actually
loaded up to approximately 90 p(rcent attempted overload. An attempted overload
of morc than JO percent will result in a load bus voltage drop sufficient to uecrease
the overload and th',re:iucncy decay r te.

~P

The voltage regulator action raises the renerator termin<".I voltage <".nd load bus
voltage after a feiv seco.. '"., but not enough to modify the rate oi decay adversely.

An increase in reactive loading on th" generators vsould have en additional load
lin 'tirg cl'.~.ct. Usa of a r,<ore r<.<<!istic po,ver factor than tlt 't assu lcd ln this Study
woulo dentonstrate the corservati.m of the results presented herein.

Tl:e effect of op.",r<'ting a unit at very low load levels em'plla;>zes the importance of
a uniform distribution of spinning reserve on a pov er system.

Considering thee» (:"()nclusions and the thermal hydraulic analysis presented in section 5 for a

typical M,estinghovse four loop pier t, a DNB ratio greater than 1.30,c<".n be assured for
credible frequency decay rates with a frequency setpoint greater than ."A.3 Hz.

Although this study v:as performed for a typical V.'es!inghouse four.loop plant on a typical
electrical po.ver system, the results form a basis for a position generically applicabie to all
current V.'estinghou"e pl "nts. This position is in,ended to enhance the;,rderly process
of analysis, design procurem; nt, testing, licensing, and operation of nuclear povrer plants.

~ ~





< << ~ „'<><"("./ (."' '<< ('><>><tI u„) <i) t>1<) il,~,.<A>lunl cr<". '„<"< (!: «<, f<>t( ( ) l t>„", c) sl<ou<d
'). ~;t, '( s:li:tJ~".<'1 of tn< rL'.ctor '7'

< t"1<.' "a<it c p<ible of
i '," <r:„«1« "', "', (L'r th<' i(ilt i". cc'c..'," ~ .l T!;; c c't '.<i" <l l (l(lt c us ''ir(~

(l( (1<> »'>i << ' l<>r<»t"~ « i>i()r«ci rig<>>s >ci<<><r<t ( rc «> i cy ( <( >y <«<f '(»'its iil (>P'f css of
!< l3z/:,.o erc c:>nsi <;c;! lli)<lay (!Alik~li;,<sm3!i ."Ao((nt of fui.l (fanlJ'„"v would l)e

>(> <<S, <",<> u> f> ~ .>< "A

<'."L) ( '(!', '.-,e(! l'<.' ';.1 in l le «Aalysis <)r tii"'<i)ir<g oft!le re;.Ctor CQO an't ',)unll)
circ((it [.r«'<=(s c;1 L<...rsr,,(.L((,.cy Tb,„., 'o(c tll„r~ is no r(.<, )A t() i«clu(!e tile

BC!'re

'.(Lr tr:P v(l un(i.";ir-'quency aS patt of tll Protection sys(e;A; this feature Ala<y be
dclcted.

The reco.";A<<en(<ed ir(q(iency tril) setpoint i'")7 llz fo" pl<.its with 12 foot -17 x 17
fuel aS".;:n'»y CcreS (b~('.2 i!Z fOr 12-fOOt, 1~ X 15 fuCl a ". (Ably (.O eS|. AS SilOWn
iA s"ctioA 5, c req< e(icy set;)oint as low Qs <.3 Hz v,'auld a'so Alcet th(> under-
ff<.",",ieilc'< ( ." 'J<l basis l "."I'(on, (1 scrib<> J (A (1) 'bo".'e, foi' le pal ticLllar l)la(it
<(n&i i 7 c tt r'<~ ( ~ eb G< i'1„.<vidua! j<lents (A y re:ult in 'r(>(i«e icy se;:oints low f than
tho"" A ~, r'<'', 't () ', <t "l(l prov'de l)etter coorditlation wit!1 ('<rid s) ".;em require(nents.

><a



~ ~ ~

POSTS™iACT

This study was conducted to cstabl:sh a <„eneric position an system and performance

requirements for lo"" of flow caused by electrical system frequency disturbances. Engineerino

analysis, compu;er a,J'ysis, and literature search were e «played to deterr»in.-a mavin>urn

credible f!erluency decay rate of 5 Hz/sec on a typical electrical gi id. The stud I of (requencyl

decay effects showed that the core of a typical present r~:neration four-loop (3~i?5 Vi"Ct3

,cskin.„house reactor is ad@)uately protected Scr frequency decay rates uo to 5 l~ /sec,without
c~ar'.in'r '. i: f: r ti e re-i;tar coo)ant pump pov.er supply bre~":ker trip, a feature wh'ch rnly be

d"le;c9. fl'.e recorn.-„c; dc l 'r qu~;ncy trip s.tpaint is 57 l<z for l>lants v'ith 12-foot 17 x '0
I

fuel essen:b}y cores, and 58.2 Hz for 12-foot, 15 x 15 fuel assembly cores,

~ ~

A*

~ a/

h



hddit;iona3. Tn$;or.-;.> „on l:n I<a.~onso To Our.."t:i 712.32

'We Reason that: the Bddit"ion of t he alarm t-0 indicaL e
l.oss of M3R shutdown cooling 23.ow was commit.Led o by the
fixst: 'refueling, in t:he origi»a3. response, was t."he need t:o
receive the required elect:ronic eouiyx~ent=. Xt: i anticipated
t:hat 4>is equip".,;en'Aould be avail. able ~i~ithin ap".izozimat'ely
siz (6) months anQ we wi3.1 inst:all it; at; 'the fi"s'= asap>opriat:c
oppox'@unity follow321g xecelp . Of tl'1Q equipment;. Unt:il this
flow alazm is insta13.ed and op xational, we shall t:at:ion a
man t:o monit:oz coo3.down flow indicat;or X5"3 -335 continuously
whi3.e t:he nonoa3. RHB cooldown 3.ine is in operat:ion and the
head is in pl.aceo




