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Turbine Hissl Prcteckion :[ ‘ a‘:"ﬁ‘&ol -

Furpos€ OF CALCULATION

Tn the unlikely event of & foukure of Hhe EFZ Turbine Generalior rdter,
missiles emanaking drom The mackine could penettefe s outer casing
and foke Fajectories Wuacd cafely relafed fargits. The purpase of
Yis cofeulakion s fo review the preseat Turbing ww%‘%ura.i«m

wih regard 16 e soleby refaded equipment which is specified as
ke.‘ma ?m*ec’fu} bow tucbine wissifes as idendified on UFSAR Figure

\C-’Z.‘L&,a,r.A &Ioguqﬁ Q&H‘\c ?m*'tc{*{on ?rov'\AeA bn appropriuk
?Qacus\ad: and ofiedakion o_'{' ﬁxe. Lurbine unifs cowbined with

m{sc:(c, bM’r(ch Sn{isiws NRC %\.&rh&nes, (R%Q@)

Revision A of Mhis  cofculalion  re-esafudtes the adequacy of the missile
bacces o fhe nesTirbine conflgorabion. The remosad of € dhage. bludes
will harge the \:uvd'mé speed of the dast dage wheel As a result,
the design Vasi's tucbine missile wit fave a \\;3\\4- ey The A
wissile bacriecs are teverfied gor aJca‘uo:j.’ﬂns res it also

ckades FHE Cowg?m wnssipr. battier evaluation.
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CONCLUSION

C aleulations ?ergofmed\ demonstrate that missife fro‘(’ccﬁ'an
53 ofienfation, combined with the ¢x.’s+ina concrefe wissife

barfiers  provides adu\ua\'i Profed-\'on {or both \m‘ak and

ch *(a&d‘ora m(ssifcs.

This  colulation &QCS \101' imfacf %t cx(s"\’r\aé Jowwvcdo"ion
go(‘ ‘Fhe acuf\’amcc Oj( H\c Sfmt {«Q Po:-(’ i«é yrc\:atiﬁ'ﬁ
uoié‘is a%n(mt' a durtbine missife shike.

Rew. A of DC-S144 Vel. T Vas fe-\/er\'ffeo\ the aJequw; °£
‘vhg e.x(shn‘} ‘b(b{nc mm;:@; Larn'crs (\uc tG "“\c r«/isd
inueosd \Missi?& C—nef%écs.'ﬁ\c barriers are aJequq"c t ﬂvf

\ni%\\ and fow hojechrd ﬁr\:(m. mlss«’?es.
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Assumemons: K. ¢ . e \ - A
The mod‘ b\dﬂ Soufta O,EW\E. +Uf\)me YmsSePc. s %‘m in

UFSAR 1923 . The ERD repart 70E12 (TDPCAS -T0E12) which
we s ?N.FOJQA as a (esponse T queskion 9. Concetning Missiles
ema'\\o}m% %0\“ "\{\( -\uf"vn*.g 38%0(0.‘*6( ‘{? AEC. (A‘\"O\w'g_ Enefaa
Cb,w.\m\'csion) s e basis & our caleulakion. ERD R«-?cof

anchizes the wwod LA\(«,'\j saufce., the enefgy \Iqﬂ.uc.s,lrs. speeJ/

possible ralechories (1theu i) which hoave been used 1n Hs
ZCoﬁwfa*‘o\ These & - ks cchories ate shown n UFSAR Fiaures
10.2.3 £ 01.4. O
The wissile s\\wge afea wu‘sk'(‘ NP ue(oc\‘ﬁ bee_ou, impact,
ate the vakues used i e excskna calc.MOEIZ. O
The Lotwukas uged Qcc the cafeukodion ﬁ'H.ﬁ pemkomo;
ke o olse the save as used W(J0E1Z) and (TDPCAS 2.2
Riv |- Turbine Generaled Missife Brdeckion o{RH?\ wwphx)@
Tn the nedy of Hu calcs Here (s a Jescvx?\%cn of te...
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AssumPTIONS ; (ﬁw. R>

A frec +he Dec.|993 4urbine inade.{t,-’c\sc. gow pressure tuthine 7th ¢
et Stase Llades Wil Ke  fermosed. However fhe disks wiff temain in ploce
Mciu:h'axi He blade focts. As a result o,{%n‘s Oowfiawahon) the orie_
na,;, ﬁ‘f\oma mqss‘(‘a %&mra{'ow Slenaflie wﬁ(i be fevigea as (caraws:
In the view conf(auru};c-n, the design basis Tarbine missite is the same,which
s the 120° Se-}mai Cf & c‘bf‘; a[\'sL/Z?éSO&g. howewx,\.‘r Ls assuied
ﬁ éu‘»;(' at To%0 tpm S, =000 tpm as or(a\'nuﬂ;é Assunied.
The neo turbine wissile vodues are Hased on Al?fm&kx ﬁ5,
Engush Electtic Aeffer.

The wissite {m:@dcne;. i UFSAR ‘F.‘aures 0.2 § 0SHO
Yo net c%a\xico'e\\we >o«(..z45 relalzd CPIMrmex..'t <+ be Pf‘aec{u‘
rexnoury ‘“r\a S OUTL TTf\e. M\'ssi(i bactiets are 1o be. f‘e-deri{ﬁeo‘
£ ensute +heir aAequacz, {or u\uujn basis missifes with L\n)l\d‘ enelyy.

jm%\b Rw.ﬂ ca&cufd\'mw, the RHR caw\pgex % L(‘SO ,'ncé..a«(.

?m.w&j, Design Colculahon 2.3 quabified the wissike borices

{(N "‘*{\\L RHR COM‘J\&Y
In '\'\‘\e \Y\iSSl‘(‘c ?D‘\e.‘\\‘o:k\m\ MW@«J\L\\Z u('\i C‘-('M‘-\‘\vca/?
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Ta ?a“c\wkon c\e\z‘ﬁ\ caheulations Pu*hc akowe ftrmufa)

e coef&\'um{ K (s sedected for concidle. with Com prest v
QW*&\ cf 5700 pan fe ruijod' e ackual shmﬁﬁw o‘{_ concrele ot
Fermi L shructures Wik is 5200951 (/Actaf:;é) pec Design calicudations

5F—OOO$ *— SE—O)-EF ; Shuctaral D¢$|Jn C:‘\*'cn'a. \,/or Reac/;)u)( %l)

The ies\ﬁn basis wmissife Hhatacterishes. Re,(;.f%.Alq

__ =%
(0" _
|
Oc Seamet 2 s
(& levadion) ¥ Secd A-A
Lost S‘m?. ™
Wﬂg\\t—oﬁ Dise Scamuit B85S0 s R“E‘® /-Wro see
Hox. projected area !l .65 £4* Appendix "6 dor the
H«r\. Prnjedd area: .12 ‘.‘i?' c{u“_wq‘\icr\ o£ e se

A.tmc.a,c, Vr%’e;‘u anNa | (_\\.654'5,!‘2.%—, 8-3‘1,{’{1' VoXues.
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Eooy oF Ch LCULATION

E!\ir%«a o£ One Xrﬂamea\t(&&x IO"), Desclan basis m(;;vleg (2650 &5)

3000¢cpm 3280rem
Af}u ?enm‘a*‘\on of ouler CAS"\? r 34,2 42.5 E"{ fa At‘]

Zoo0rpm wos the onsma@ sissile %mem%cn 5‘;&&. 3280cpm it Hhe
fewd wissite %u.cm-hon s?eeé {Br the. modi{«d tucbine with fhe Hades
temoved “row fast s’to\%z. discs.

For low ‘hcﬂcc‘\vj (Trmdedmj #\> the increass (m.a-%%%, l 24

for 1«%\\ ha_&u'*oncs@fl ,#3 ﬁ.“f)‘thc L Aro.a will reduce the |M§>a.’j.
iy as e "w.'d!(: the missfe bartier. Foe Am? cakeulabions are
pefoened heie per el D 6E Topical Regort TRETSL2I 1y, 38-40.

Of&iﬂnafg B :imda cof eulotions %ad used the same methed.

Aic &mg m«pocf {oc \'\u}\ traiectories :
4 + < -~

T .
T [+27T0
W L

Te ¢ Ti= Fioal and IniKal Kinetie energics °£'H“ missile
W= gésolhs , mssife weight™

L = 2W 2& w‘\etc wr=0.0T4% blpp  aix densi
Wy A\ ’ Cg ) (- ] A - 63‘1 &‘Zﬂ A\)Cfﬂ.an. ﬁo")uiéﬂ Avea (Aﬁ”€>
Coell Dfma Coefficient
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A\f Dr"? CAquQukOnS;

L ._2x 8650 - 171665 (¢
0.07T4x 8.39 410

Te . J R -

T |42, 4252106 .35
$650x 27865

Te e T = 42.5:10° 2 31.5 x10° filbs
1,35 .35
Tor k«a\« Yrajectories, L\‘f\?od’ woetay on wissife barriers witd te

3\-5x\06 %JcUas. Tor low {fojec‘\of/ a;fc,s, the t'mfac‘(' f.\’\t(%wa 1S

H'L«Sx\cé’ g{\gs, , 45 no ALt &(ﬁg LS Conside(u:l,

M \$S\ Q(Ou-\f\cs
Mass:fa Ué»(Cub nﬁef Peﬁe“.ta}hon {hwui\r\ ﬂ\c fu(bmz Cﬂ"'\%: (W)

Kivetic szu.; 47.5»\\06 g{Ups =5.‘— %.\ﬂz:%« 365; N ke
g

v (M@.L)" SELT i, = 383mpn  (Imphel4if)

BESo
For szk ‘ﬁajakr] Case a‘ﬂ’e«’w d(‘03 W?a ?MS,'HK miSSi(’c U“fﬂd \N—poc«ﬁ (U'F>
Kinerc Enun-—'i\ "3140 {ﬂbs = _2..‘%%_-23 \J‘F

¢ h
\r,;,( 3‘5"3@&3’32'2) L 4Bl P =330 weh
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SUMMARY 0F -TORBINE WNIssiLE DATA

Fragmest Angle, Deg. 120

Fraame. T Weight, (bs B650
Hin. Projected Area, 4™ 512
Mox Frojected Fréa, {t* .65
faslute Speed, fpm 3280
Tadiad \/Jouh, mph TET

(ouﬁ‘de. turbine CQS\'ng)
Energies, b «\0

\M‘haQ,Trans‘a‘kondi 74:3

\nilr\ap, Ro'\ux'xoﬂ’& 3%.2

Ou,*s ' Jc ‘hr'\;‘ ne CA’)SN? ) 42.‘5
T;Owsw\‘onJ.A

Aber Bit drag (Verlical Trojechn) 31,5
2 'T?MS; &'On =N 7)
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DerFinITION OF TERMS AND UNITS - FORMULAS

The dcz(g\mj'ion of terms andunds are exploined w Fhe seckion of Fhe
cab culakions wiere % are. ed. However fene the main pendradicn
dephh £ormuka ¢ Modified Sebey Formuka” i described. This formuta
s detailed v Appendr®h ) fage Al G Apperdr *2, fage A7,

D= K.A. %03\0(1.*1’___) Perry Tormul

2\S5¢co

D: ?&\'\tﬁa‘\‘wn dé‘)*%\ wloan u'\i’"\i‘i’fjw ‘H\\'CL 929-; gt}

K: M.l*bf\'ae ETOP&.!‘% C,Ons+mx -SugAf?#Z, P.,.A6

K002 %r 57007&' Conctéte ] \.H:chm orcev:wcv\'t' Fecwmi 2 me«t)

A o A? s the sechional ?rcsswr_,%ln[“z ond T is cbtained E5 dwidin?
the wissife quH' by the of the vawimuwt and woaximums
Yrgjec‘\‘d Al S g"H\c wkecp.

N is ¥z wissile Vd,oa%\: ‘:?i',"icc:j

A= _ﬁg_a_::_e 1030 &y~

- '

D’: D (l + 6—4(0&-27) N“A\g\d pe'h’a Formuta
D’:_ ?{ntﬁ’(‘q‘\'\'on &(r“\ \n O %m\'c '\"&\QC\QMSS S(ﬁb Eet]

a(/ = 1. sfak 4hickne $S
D Fﬂ'b’t fcan llﬂ_eih\*"»‘:’ﬁ'hlbk 9&/{9

Min. skalo thickness {5 ?Nauen‘l' ?cf:forar\ion' T-20

fecPoration ; Lull penetration The missie passes theoush thetaract with of
( 5;%05' exit w.?oak:& d . &

Swéém%b, 'H\g ?q,c&'nj v{z of € \:ack %ucc Of'*nrﬁef,opfofi‘? ‘W
ne %IC& () \W\?ocj ( ) "‘

thin, sdob thickrens t5 FWJ‘t SCa'\o\omg: =220 ﬁq‘.!‘* . ﬁé.lséj
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Defintion of Terms:(Coxt'd)

Spalling A +he cjeckion of furgel maferal fomthe Lot face of
the fargdk (the face on which the wissife impadts)

Ceneliakion is e dis placemed of the wissile us +he tacged. 1k 15 o
measure of the depthof the crabec frmed of the zone of impadh

¢) Perioration 4) Overall Target Response

Dcsui‘y\-{on of TummoQoK'&_ (RA-Q)*“*)
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Tucbine thissite Proteckion %_Amfﬁ? o/ 9o

e

Fogehru 1. This hajecory is the ool low-bajeckony hucbine. missie.
The fow-frajectry wissifes are ejected from the durbme casing divecty loward an
essertial syhem Thay are more dangurous than Hhe fugh beajeckory missifes, which
have almost verkical trajeckories, because of Hhesr high enegy and speed vatues
SRP 3513 speehies o Acceptance criteria That the placement and
etiwtarion of the dutbine ganeratoc and adhierence o fhe Reg.Cude
(0% Wil ke considered acceplable . Exclusions of safelyy related shruc.
Hutes, €‘as“um4, of Components §rom fow Hajéc%tj burbine wissile shrike
zones  constinles adequale ?rc*ukon a%o;.mY o frajeckory durbine
wissifes. sy rdafed shruchures fo be prtected are within Hhe
How ‘noi.ec&m: ﬂri'ke. Zones and &M Ausffe‘\\'uc i) Qde,«\n'uk missife
"\0\““"5":\10.\1 missile bateiecs should ?rwic’c Suk-ic{c‘_.xf wissile
?rd’fcc%{o.\.
At Ferni T, the (ofo(sjt (eighth stage) mawn low- pressute tucbine wheel
s considered 68 We source of the worst wissife. The (ediew of &mwma |
ERT21-2007 - Turbine House THurd Floor Blan EL 043567 shows that
The Controk Roows [Compuler Roon, which is  Yhe onLé bossible
f(o\u—ka&ec\mj missfe taret, 1§ focated eutside the strike zone,
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The shrike Tone , A% At%\'ncd m Reg.éu\de LIS Fa.l, wdicates an anea
beunded ba Lines nclined ot 25 dcaéﬁu b e tuthbine wheed Pianes
axd passing ‘ﬂ\muﬁ\\ fe end wheebs of He £ow- pressure s*o\%es. The
nwxes“t Contred Room cormet ¢ af a.fproximaxc(:j 60&08«~us and 106
ifu* ».:(c.-.( 41"\5 mv‘ss-.({. source . Ser NRC-SRP 32.5.1.3 I uc‘i’us.‘onso‘f
Sa-iﬁ%-&iﬁeo‘ S+ruckutes :',:tow‘ ffcw-hoiec*o(g turbine wissife shrike zones
conghiviles adequal proteckion aﬁaﬁ.nst’ fow Jmﬂ'fd-mj Lucbine missifes.
‘?f,‘»\is s e ?re_fureé method oi ?(o*ed‘\'o"\. Su&')ciu.t missile Pro*eckom
s a&edi Pcoo.‘chci sk Fermi 2 {or low -i-mj‘ecl-u:j Yuchine wissifes
bé *oucm\o\e -‘k—ut\)»ne.%znuo}of ?Poum‘n* amd otientotion.
Dn s caﬁcuga'ﬁov\, concrele m\'ss}f'e \Jmtic( adﬁqua:% s \/d«'f(ec*
eden ‘ﬁ\wa&\m A Or\Q:: rea\urec\ {or ?’(Ou\fs et fhave w%wcra_b]e
turine oc\mtc:\-ion)suck ot S»k*‘ﬁ-rda&.«& §H uckules are wittuy,

\Jhe m‘ss&?& Qx'r\kc ZoNnes S‘WOuQA 'Q\o.w. Sug’f\‘cimf W\\'ss\'fe. ‘bom'eg;,

)
Ta aéc\&'\on, cws«vw\‘.ve?j ne%?uf ‘\’E\c. ?ro*cd-\'m ?rom‘éu\ \oa
e fwo botciers - 12" Mick sandwich wadkk (S\‘w? anACOncnf'e)Mo\

24" Huick wv\zovué corente wakk (R»j\ 6121 - 2017} which would

?Coba\;fzﬁ Prw\'cie aa':ﬂua‘: ?ro*ec\'iOn. Exa s*lp??inc& Hw. miss\Q& bu%mc J"
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teaches  the Cowtrod Room.

The cowbined Hhickness of cowttolroowm immediate borier wakls & 46.
26" thick Turbine Wca.wa% ond 2-0" on fhe Auxiﬁ‘at:\ B\uﬁu\?
tide-Control Roovs wolls, (M 6AT2\- zoﬂ)

The wissile caracterickics are given on fage 0

:‘: K. A .209_ (\+i:__ Pe*rj :omﬁug&
ot 215000

idiad Kinekic Em%:zoz.wo‘ it b,

.L-m\loi . Ek —ip %.383»'@’% f\Rq ff,‘1> |

- C Aue % 1he {catioi = the j

/:q@l Vs 's.i‘t wigs e -EO'JI'(L.

T'ne W JSS\'& wi“' Q\\&'. 'H\& vJau wi*(\ @ BOoma{L.&hS\dum«a %xe

CO\';‘FC"\'W \\.t thﬂt W\“ cause Pﬂ\-@k&fl’ioﬂ'l PoTS
0. Yo v \Tn( *‘
; ° €0 -
V: Vo ‘. CO& 60 - -
NlSS\eC
Pr.\*\\

V:563.0.5= 281.5 £t/sec.
0.13

-3 7 \
:A.BZi 0301(/ Zh2 \ = q‘ = \
D- 262,10 x| ogm(u% OLft 2 5in

D’:(l+eH(27'/‘* ’L)‘D:LOD-'-E\Y\
Pucfotation - 2Dz |00 ) '
Te ?fwu\k Smbh\'n’ ) T>/ Ci.Ax\D > (%'A”) Aﬂ:*q (Fre-1)
140 %1030, 10°° = 14bpkx 1Tin )
4 wust be ndted Hat the above torniwba- s More Conservati e :(«r‘
8 c,'w?. fer Ref.# 14, T prevet scabuing T22,20 = 21y5- " w:‘.e‘,-,m*\c,

Tiverease the aovu\m'n ‘H\\'ctnus ({s)‘b 207, PQ«(ACI 3“‘7,{C7,’_,I)
: 7 71,22 205"%¢ 30” = oK.

R ARSI S I RIS P e
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Turbine {isate froteckron %[Z“/(u.‘/‘%/;/%;‘(c

Pu\‘\(gsima theat and overall efiects on the wall witl fe
acceglable by Ergineesing judgoroet. The hurbine wall and Corfref
Roow wall Kove a gop o between Theturbine walk & Wit
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Question 9.1

LSl Ted, WORPLd™ anproir fT &t federence o

Provide the following information which can be supported by
@nalysis, drawvings and the experience gained from previous failures,
for the three different kind of rotors, (i.e., Hp and Lp turbine rotors
and the generator rotor).

4. Establish the maximum energy contained in & missile from
each of the three types of rotors,

b. Establish the minimum energy lost by the missile in passing
through its rotor housing.

€. Using the remaining kinetic energy of each of the ebove
missiles discuss possible trajectories and the adequacy of
the intervening barriers provided for all essential equip-
ment, power, control, and coolant systems required to
achieve end maintain a safe shutdown condition,

It is assumed that an accident to the turbine generator might
result in a progressive increase in rotor speed culminating in bursting
of the turbine generator rotors, Heavy fragments might then be projected
from the turbine generator with considerable energy. An estimate has
been made of the maximum possible energy of flying missiles so that the
adequacy of the intervening barriers between the missile and all essential
equipment, power, control and coolant systems required to achieve and
maintain & safe shut-down conditior of the reactor could be investigated,

The approach taken to establish the max{imum possible energy of
& missile emanating from the Hp or Lp rotor duplicates the analysis
described in General Electric Topical Report 67sL211 by E, E. Zwicky, Jr.
entitled, "An Analysis of Turbine Missiles Resulting from Last-Stage
Wheel Failure." This analysis concentrates on the last stage wheel of
these rotors. Based on various fragment sizes and energies together vith
the nature of the surrounding structure the last stage wheel fragments are
considered to be the most dangerous missiles emanating from these rotors.
This was confirmed by the failure of Hinkley Point Station "A" turbine genera-
tor on September 19, 1969, These wheels are also highly stressed and thus
the most protable candidates for failure. Wheel failure is assumed to
Occur at machine overspeed when the mean hoop stress in the wheel is 0.85
times the ultimate tonsile strength of the wheel material, The total kinetic
energy at bursting is proportional to tle weight of the fragment, while
the relative amount of translational energy is dependent upon the fragment
geometry. It was assumed that the wheel burst into three 120° segments
since this mode of failure approximates a shape for which the missile
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translational kinetic energy would be maximum. For the HP rotor an
additional nissile was considered having a length equal to one complete
flow and a sector of 120° for the discs concerned. A summary of the
maximum energy of missiles emanating from the HP and LP rotors is given
in Table I below.

IABLE I

ENERGY OF HP AND LP ROTOR MISSILES

Fragment Description: Enrico Fermi Enrico Fermi HP Enrico Fermi HP

LP Wheel 8 Stage 7 Disc Discs One Flow
Fragment Dicensions:
Angle (deg) 120 120 120
Weight (1b) 8650 1460 10,270
Assumed Bursting Speed 2280
(rpm): 30007 4000 4000
Initial Energy:
Translational —T,
(ft-1b x 106) 60.8 " - 2.4 17.3
Rotational 2n
(ft-1b x 108)  43.5¢7 — 4.8 3.6

The above postulated accident 1s most improbable since it
&ssumes:

1. Failure of various turbine protection devices despite the
fact that probability of a complete failure to all protec-
tive systems is virtually zero,

2. That the turbine is capable of producing the torque required
to accelerate the rotor system to the bursting speed,

3. That blading or other turbine damage does not prevent the
bursting speed from being attained,

In the analysis performed to evaluate the maximum possible
energy of missiles emanating from the generator rotor attention was
focused on the failure of the generator rotor body, end bells, and fan
blades. The maximum kinetic energy for each missile is given in Table
11 with each failure assumed to occur at 120 percent of machine running



70E12

Agp F1

%, A3

Appendix A - 3,

11

ENERCY OF MISSILES FROM GENERATOR

Missile Type

Rotor Body Segment
End Bell Segment

Fan Blade

Kinet{ic Energz

32.8 x 10% {n.-1b/in.
345.0 x 10% gn.-1b
0.073 x 10° tn.-1p

Although details may differ, the general behavior of a portion
of the turbine rotor which has lost its integrity is as follows:

It leaves the rotor and travels with its c.g. moving in a tangential
direction at its original linear velocity and rotating about its
€«8., with & sudden increase in angular velocity. Initial impact
with the surrounding stationary parts occurs in & few micro-seconds

with the stationary parts crumpling while deflecting the missile,
The angular momentum of the missile enhances the irregulerity and
% unpredictability of its path in trying to penetrate the outer casing
of the machine.

Although the rotational kinetic energy contributes to the
confusion of the missile path it does not contribute significantly to
the severity of penetration. Hence, in all cases the translational
kinetic energy has been taken as the parameter to be associated with
penetration. Energy losses in penetrating the machine casing were
calculated using the "Standford Formula" which {s based on tests with
long right circular cylinders., This analysis is considered conserva-
tive because of the ineffectural shape of the generated missiles, Cal-
culations indicate that missiles emanating from the HP rotor and the
generator rotor will be stopped before they can completely breach their
respective outer casings. The HP and generator perforation energies are
sufficient to preclude the emergence of & missile with any translational
kinetic energy. The LP rotor missile is thought to be the only missile
that could breach the casing of the machine. The eénergy contained by this
missile as it emerges from the outer LP casing is given in Table III
below.

TABLE III

ENERGY OF MISSILES PENETRATING THE
OUTER CASING OF THE TURBINE GENERATOR

Missile Description Rotational Energy Translational Energy

LP Wheel Xo, 8 1 o
1 42,2
o 6 - e ' 6 -
120° Fragment (6.£>x 10 ft-1b \";; % 10° fer-1b
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The only missile that could possibly do damage to essential
equipment would be a missile emanating from the LP section of the turbine
generator. This missile could break through the turbine casing in any
radial direction. However, the direction of rotation of the machine is
such that the motion of the top half of the rotor carries it avay from
the reactor and asuxiliary buildings. Furthermore, these buildings are
not in direct radial alignment with the LP sections of the machine. Thus,
the possibility of the missile taking a direct horizontal path toward
the reactor and auxiliary building is remote. If, however, the missile
were directed horizontally toward the reactor as a result of an internal
or external collision its emerging translational energy would be absorbed
and the missile stopped by the concrete shielding which surrounds the
turbine. This shielding would be only partially penetrated by the
missile with the missile surrendering all of its kinetic energy.

Another path that the missile emanating from an LP section
of the turbine generator could take is nearly vertically upwards through
the roof of the turbine building. It is estimated that such a missile —
would lose very little energy in penetrating the roof barrier and wggld"*:{ﬁ)
leave the turbine building with about 94.27x 10° ft-1b of translational
kinetic energy. Again this missile would have to be deflected elasti-
cally or acted upon by wind forces to give it a trajectory which would allow
it to fall directly atop the reactor or auxiliary building, It is esti- /T, =
mated that the missile will strike these structures with 2676"x 105 fe-1p
of residual translational kinetic energy after allowance for energy losses
due to sir-drag forces. The missile, as it strikes the reactor building
will surrender little of its energy in passing through the roof of the "
steel superstructure and will rea th refuelﬂfioor elclation__o_f_ —d2.5)
the reactor building with about 226;67x 100 £t-1b of kinetic energy. The ~——
LP missile would be potentially damaging to these building structures
and the essential equipment each structure contains. Consideration will
be given to the design of the upper floor portion of these structures to
preclude the possibility of a missile penetrating an area directly above
essential equipment., (See Figure Q9.1-3).

Consideration has been given to the probable effect of the LP
missile on the Fuel Storage Pool. Analysis shows that there is a probable
missile path to the Fuel Storage Pool, see Figures Q 9.1-1 and Q 9.1-2.
The probability of a missile striking the fuel pool has been calculated
to be & probable occurence of less than once in every 10,000 years.

The following description of the Enrico Fermi Unit 2 Turbine
Speed Governing System and overspeed trip system {s simplified and is
intended to provide s basic statement on the unique system characteris-
tics which minimize the probability of occurence of an overspeed condition,
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i m:m which resvited In @ correction factar for finite slabes
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whcnbhlhmmhnhpfhlnmhﬂnm slab, M1,

f Srar hmﬂendopfh in a finite m!dtm tl& fr.
e I8 d'=Ip

L ,,__' r " "’t.lhb ’h'm' "o

e

Fwecqlou mﬂondonlab we must have
LN D -4(Vp-a) ]
) - DlaTeD[1t2

> lmf of !Ml equation dwm ﬂ'at D= ,/2 glves complere penetration, Therefors,
frcu . (l-l), the thickest slab which will be perforated by o missile is

2 T 2kAY

. This fermvie wes wed for the present sslculetions. AL was determined using the welght
divided by the avercge of the minlmum end maximum profected areas of the wheel. It was
foit that the fragment rotation would tend to reduce penetration somew hat o that using the

o o, minlmum whee! arec was $30 conservative,

AmirTklan glves sevaral values for the penetration coefficlent, k. From his table 1
falso glven by Moore) and his Fig. 10, we have the values
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Material 5
. 00799 2200 psl concrete . ~
00476 3200 psi soncrete, 1. 4% reinforcement
. 00282 5700 psi concrete, 1.4% reinforcoment .
. 00348 3000 psl concrete”) Specially nlnfuend _
.00277 4000 psl concrete} eccording te - o IR
, 00224 5000 psl concrete Mt&‘mn'.n : . b

In the present caulculations, k = 00476 wai used on probably mho of
current construction. Obviously, from eq. [=4) and the toble, !Mo ey ovmlm

the penetration by o foctor of 2 If special construction is used,

One further remark should be mode. By wse of eq. I=1) and I-ﬂ, it con be
seen that the penetration depth In a slab at least twice as thick as the perforotion
thicknesses glven on pge. 60 and 62 (I.e., for T > 2D') would bo one-half the -

perforation thicknesses shown,
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possible missile protection will be schieved through basic pf:;t S I
component arrangement such that direction of flight of these missiles ) /gr'
will be svay from critical cowponents. Special consideration will be f.r” 9
given to the segregation of components associated with the engineered =
safety systems (e.g., core spray and containment spray) such that the
failure of any component could not render the engineered safety
systems inoperable. We find these design considarations to be accept- 1?/’7
able and wve will reviev the detailed plant layout prior to completion
of the plant.

. 2
Lk

———

Trotection From Turk}ne Migsiles

Ia Asenduents 12, 15, and 16 the applicant discusses the steps taken
in the design of the facility to reduce the possibility of generating
missiles as a result of turbine fatlures and to reduce the dazmaging
effects of turbine missiles should they be created. The applicant's
governing criterion will be safe shutdown of the plant,

The applicant has stated that the turbine overspeed protection system
vill be designed, to the maximum practical extent, to meet the IEEE-279
Proposed Criteria for Nuclear Pover Plant Protection Systems to enhance

the reliability of the overspeed protection system and limit the maximum .
energy of potential turbine -1;-11¢l. }ZL;L'
The orientation and I)cation of the three lov pressure turbines are such :
that any potentially generated missiles would have to be deflected in Ll
order to cause their trajectory to intersect the volumes occupied by F :

equipment essential to attaining and maintaining s safe shutdown condi- !
tion for the plant. In the highly unlikely event that turbine missiles

are generated and thus deflected, reinforced concrete barriers are

provided to protect the plant equipment essential for safe shutdown.

The thickness of these barriers has been made at least twice the cal- e

culated missile penetration depth in order to prevent the creation of
secondary missiles. Detroit Edison specifically discussed the adequacy
of the barriers (in the fore of walls and ceilings) that were provided
for the control, battery, and relay rooms, the standby liquid control
systen and the standby gas treatment system. It also stated that the

6 feet thick concrete shield plug vill adequately protect the reactor
vessel bead.

We have concluded that the applicant's preliminary design decreases

the probability of turbine missiles being generated, the turbine orien~-
tation with respect to the reactor building reduces the probability

that turbine missile trajectories will intersect vital systens, and the
use of protective barriers will mitigate the conasequences {n the unlikely

event that missiles are generated.
__________’—
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DESIGN OF MISSILE RESISTANT CONCRETE PANELS 1.
J. M. DOYLE
F. Department of Mazerialy Engineering, Coliege of Engineering,
University of liiinois at C hicago Circle, Chicago, fliinois 60680, U.S.A. !
and Consuliant to. Sargeni & Lundy Engineers
M.J. KLEIN, H. SHAH
Structural Departmeni
i Sargent & Lundy Engineers, Chicago, lllinois 60603, U.S.A |
SUMMARY !

, Protection against structural failure in case of accidental impact of several types of
‘. projectiles must be & consideration in nuciear power plant design. The critical nature of
N certain items of equipment makes it necessary 10 surround some areas of the plant with
missile resistant structures. Ordinarily, missile barrers consist of reinforced concrete walls,
roofs and floors. A design procedure for rectangular concreie panels subject 10 various types
of missile impact is outlined in this paper.

A number of different flying objects are usually postulated as possible missiles in power
plant designs, including planks, pieces of pipe, turbine parts and even automobiles. In gen-
1 eral. missiles fall in two different classes, rigid and nonrigid. The hehavior of a panel, of
{ course, is different for each -digh velocity, rigid missiles can penetrate and, in some Cases,
| cause little structural daraage 10 the panel outside the area of impact. On the other hand,
nonrigid or collapsible missiles do pot punch through the wall, but may cause failure of
the panel by shear or bending, depending on the location of the point of impact. Both I =al-
ized penetrauon and general structural behavior of plate elements are considered for &
variety of possibilities.

The well known Petry formula is utilized to determine adequate thickness to preven.
1otal penetration and spalling on the inside of panels struck by rigid missiles. As an extensic A
| 10 the usual analysis, this formula is also exploited 10 obiain impact times for nigid missi’2s
‘_ L and 1o estimate maximum dynamic response of panels impacted by rigid mussiles.

Two diffierent regions of impact are considered when evaluating general structural action;
near an edge and in the center. For edge impact, shear forces are of primary concern. Here,
e they are computed using momentum principles, rather than the energy methods usually

= employed. Flexure is the mode of main concern when the impact is in the centrs’ =rea of
a panel. In. the analysis presented here, the plate is replaced by an equivalent fixes +'.d beam,
and response calculations are made using standard methods of structural dynamics. Exper-
imentally determined information on time history of contact force is incorporated in these
computations, thu" rendering a more nearly correct estimate than would be expected by
previous methods, Design recommendations are based on ultimate strength. A method of
calculating the extra energy absorbing capacity of the reinforcing steel after failure of the
concrete in fiexure is included.
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1.8 Introduction

Protection against structural fallure in case of impact by sevaral dif-
ferent types of projectiles must be » coneideration in nuclear power plant
design. In moet power plant designs, a numbar of fiylig « - © . ave usually
postulated as possible missiles ranging from wooden plank:
robile.

This pasper presents a method for snalyting reinforced conrrete plate
elements subject to impact loads and outlines a design procedure to insure
that the structursl integrity of such panels ils maintained. Since the walis
surrounding critical equipment areas are usually made up of a series of con-
crete panels, the method presented here is particularly useful.

s small suto-

2.0 Missiles
In the design of structures against impact, two general types of mis-

siles are usually conuidered; high velocity, approximately rigid missiles
puch as a wooden plank, a pisce of pipe, or turbine parts, and non-rigid
bodies such as & small aitomoblile.

To analyse s structural component for its behavior when impacted by =
missile, four items of information concerning the missile are necessary.
They are the welght, the area of contact, the velocity and the variation of
contact force during impact. Realistic assumptions on the first three can
be made quits sasily; however, data on contact forces are limited.

3.0 Penstration
For the smaller, nearly rigid missiles, penstration of the panel is

usually the dominant concern rather than overall structurasl damage. The
deptr cf penstration into a concrete wall may be calculatad using the md-
ified Petry Pormula:

D' = EKAV'R (1)

where:
D' = Depth of penetration in slab o! thickness k& (L)

E = Matarial propony constant (L lPl s
- 4.76 x 107 s ft /lb. (2.97 = 10 ra m /kg) for reinforced concrete
A = Sectional Mass, weight of the missile per unit cross sectional area
of contact (P/Lzl { o
o
V' = Velocity factor = Log,, ‘l . v—.’)
\
= Initial velocity of missile
s 2 nd? e
veie 215000 ft /ee (19973 =" /sec™)
R = Thickness ratio
“2a i exp (-4 (a'-D)i
. h )
whars a' = B - m'
and D is the depth of penetration in an infinitely thick slab,

Y medaw b memmant anstline ~®f tha ~ancrata an tha iatariny anrfaca

i
the penstration depth should be restricted to iess than 2/1 of the penel
thickness to satisfy the inegquality:

-3

T CAx 1070 (L) ] (2)

in which (.‘l depends on the missils velocity and can be obtained from the
curve in Figure 1.

The absolute minimum requirement for a penel design is tc prevent the
penstretion by any missiles postulasted to strike it

$.0 Impact Times and Contact Forces

As mentioned previously, only limited data are availabie for determining
contact forces. Suitable force-time relationships have been determined for
some of the larger non-rigid miseiles. Figure 2 shows contact forces vs.
time variations for two different sutomobiles creshing intc a rigid barrier.
in esach case, the impact speed was different. Unfortunately, similar data
are not av lable for smalier, more nearly rigid missiles. A aimplified
anzlysis for such cases can be utilized, however, provided the time of impact
can be established.

An equation of motion, which may be used to obtain an estimate of the
time required for penetration, can be derived using the Modified Petry
Formula. If it is assumed that the ratic of resisting force (F) to the mass
of the missile (m) is given by:

2
- av ve 3.
; -V r. - -1.15 n—- .IP(T,.) (3
where:
ve? = 215000 £ti/eec? (19973 mi/sec?)

x = Depth of penetration at any instant

v = Missile velocity at any inetant
then, straight forward integration of the eguation of mction for the missile
yislds a terminal penetration which ie in agreement with the Petry Formula.
However, the solution of the equation determines velocity as s function of
distance. Due to the nonlinear nature of the motion equation, a numerical
integration is necessary in order to determine the velocity as a function of
time, which is required. ;

Two separate cases must be considered in any design and the form of the
motion sguation is different for sach. The two cases are: (l) missilas ims-
pact occurring near a panel support and (2) missile impact near the canter of
the panel.

For the first type of impact, tne panel will not deflect and the egua-
tion of motion to be solved is: k. %

x = -1.15 vﬁ._l- ..p(i&!) r)‘ 4)

fubject to the initial conditions
te0) x=0, x=V, v i

On tne other hand, for impact in the center of the panel, the panel itself
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deflacta. 1t can be considered as a single degree of freedom system. its
egquivalent mass and egquivalent spring constants, which depend on the panel
geometry, can be readily determined. Treating the systes of the missile and
the slab, such that the force between the missile and the siab is of the same
form as the case where no motion of the siadb is assumed, the following two
squations rasult:

- 2 oe
X = 115 G exp (3" A ’) o

Mj * ky = - mx (&)

3

with initial conditions:

t=0px=wy=y=0, i-vo
In equations (4), (5) and (6),

x = missile dieplacement

¥y = panel displacement

M = sgquivalent mass of slab

k = squivalent slab stiffness

m = msss of the missile
it is noted that if the propotun' of the slab are such that its displacement
y vanishes, the two equations reduce to Equaticn 3, which in turn yields the
final displacement predicted by the Petry Formuia.

An examination of the equation of motion of the panol shows that ini-
tially, when y = 0, the slab acceleration is equal to times the missile
acceleration, Por subseqguent time, this acceleration 1- even less. There-
fore, neither the velocity nor the displacement of the panei, at the comple-
tion of embedment, will exceed 3 times the missile velocity and displacement.
For many cases of practical intersst thu mass ratio is less than 1%. In
such instances, penetration time could be based on rigid target conditions
with very littlie error. The error would be on the conservative side since
the predicted time would be shorter than actual.

By solving the eguation of motion for several different values of mis-
sile weight and initial velocities a graph such as shown in Figure 3 =3ay be
established and used to determine impact times for a wide rangs of thess
paramsters.

5.0 Impact Near Support

The chief concern when a miasile strikes near a support, iz the limiting
punching shear. In order to calculate the shear streess, the conservation
of momentum is used. An sresa of slab is assumea to be activated immediately
upon impact. This active area is enclosed by a perimeter which extends
outzide the contact srea of the missile by a distance of 1/2 the panel
thickness. The shearing force is considered to be distributed uniformly
around this periphery.

For the small, rigid missiles, it is further assumed that the shear
forces ars constant throughout the durztion of the impact. The time of

sl
impact may be computed by the methods described in the previous section.
Then the impulse-momentum relationship gives the following sxpression for

total impulsive shear force on ths periphery:
=V

ou.ﬁ"g

g, - shear force per unit length of perimeter
V_ = initial velocity of the missile |
®m = mass of the missile
T* = impact time
§ = length of perimeter of active area |
Since the time history of the contact force is known for the vehicular MJ
siles, the maximum shear forcs is given by: |
\

F
1
Q.-‘_

where rl is the maximum value of contact force. ﬁ
With either expression for shear force, the punching shear strees cu*
be calculated from the formula:
n \
-
ve ;a (}
where:
¥ = gshear stress |
¢ = capacity reduction factor for shuar force (Section 9.2 ACI stnﬂq‘
31e-71 1) |

d = depth from extreme compression surface to centroid of tension re
forcement

This value of shear stresses must be compared with some allowable such as
ACI allowable
v 1fré (1
where: |
té in the 28 day compression strength of the concrate used. |
¥hen the stress exceeds the allowable, saither thes energy absorbing capacit

of the reinforcement must be investigated {Sec. 7), or the panel thickness
increased,

6.0 Missile Impact Near Center of Panel
In this case, the criticel mode of behavior is flexure. To treat tl'noi
flexural problem, the maximum flexural displacement due to impact is obuld
by integration of the sguation of motion.
When small, rigid missiles are considered, the displacement and vo!ocﬁ
At th- conclusion of embedment may be estimated by: v
s

-, £
"“u 1 e
1 U2/ a1

vo-ﬁ"n .
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Then the maximum displscement is

Y -l (o.z vty V2 )

1f this approximation ylelds unsatisfactory results, the daflection (Y} and
velocity after impact (V ) can be computed by carrying out the actual inte-
gration, The values found in this way would be less than those cbtained by
the short cut msethod. The maximum displacement is given in either case by
Bguation (12).

O the other hand, when the time courss of tha contact force is known,
the panel defiection can be obtained by an integration of the eguation of
motion for the panel using the prescribed contact as a forcing function.

As one approach to the solution, the panel may be replaced by an
equivalent fixed end beam. Equivaient mass and spring constants for a single
degres of freedom spring-mase model of the beam are tabulated in many sources
including Norris et al. (2]. The analysis can further be simpilified by re-
placing the known force-time curve by an idealized triangular varistion of
equal impuise. A typical idealization superimposed on the original is
iliustrated in Pigure &. With the trisngular pulse end a given spring-mass
model, the maximum deflection can be obtained from the shock spectra given
by, for example, Biggs {2]. If the maximum deflection excesds the uitimate,
the energy capacity of the reinforcing steal must be considered or the panel
thickness increased.

(123

7.0 Energy Absorption of Reinforcement

in the case that either the allowable punching shear stresses ars
excesded or the maximum deflection exceeds the ultimate value, the rein-
forcing bars will still offer some rezistance to penstration. 1In addition,
there will alsc be soma resistance left in the concrets, esven though iocal
failures have occurred. A conssrvitive evaluation of the additional resist-
snce results from considering,only that of the reinforcing steel. The bars,
in effect, form a net to hold the missiie. To determine the capacity of the
*net*, it may be assumed that the steal in the impact area is strecthed to
ite ultimate and evaluate the stored strain erergy. If the sum of the energy
absorbed in the crushing of ductile missiles, the energy absorbed in the
panel %0 reach the allowable shear or ultimate deflection, and the ultimate
energy capacity of the stsel in the impact ares exceeds the initial kinetic
energy of the missile, penetration can be pravented although considerable
local damage might result,
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Appendix *S 6 A‘?’A'g

v DC-5144
GEC ALSTHOM * 3
O A S TEPAEDS AN
ELECTROMEC HANICAL
Lorge Stwom Tyrbmes
WMr L.C.Fron,
Director: Turbine and Special Projects,
Fermi 2
Dear Mr.Fron,
Eermi 2 LP Rotor Missile Analysis

During our meetings with NRC at Fermi on 3rd and 4th August they raised 2
number of points regarding the missile analysis for the LP rotors when they return
to service without the stage 7 and 8 blades. In subsequent discussions with
Mr.J.Walker and Mr.H.Sahiner | war requested to provide additional information
to enable DECo to carry out @ revised snalysis. The required data is detailed
beiow.

1. LPRotor Blade and Disc Weights,

The attached table lists the weights of each of the shrunk on discs and the
individual blade weights for each stage. The aisc weight includes the blade
root up to the bottom of the serofoll and the blade weight is the weight of
the serofoil together with the shroud, lacing wire or lacing rods as
eppropriate. For stages 1-4 the LP2 cylinder blade heights are different to
those in the LF1 and LP3 cylinders. For these stages the blade weight value
given in the table is that of the heaviest blade but in each case the
difference does not exceed 10%.

2.  Bursting of LP Discs

a) the burst speed for the no.6 disc (stage 8) was originally caiculated
to be 3000rpm. In arriving at this value it was assumed that the
biades were attached at the instant of fracture so that the effects of
dlade centrifugal pull were included in the calculation. - However, it
was 8!s0 ascumed that the blades were lost fror the resulting worst
case 120° missile before it exited from the turbine. Mence, the mass
and energy used for the 120° missile were of the disc and blade
fo0ts only and did not include the blades.

* Newbold Rood, Rugby, Warwickshirs C21 TNM, Englond
Telephone: 0788 577111 Telex: 31463 GALTG G Fox: 0788 531700

GEC ALSTHOM TURBINE GENERATORS LIMITED -
Regrierod Office Newbold Rood, Rugby, Weawickshirs Registerad i Englond No. $6185).
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b) the revised burst speed for the no.6 disc (stage 8) with blades
removed but with root blocks in place is 3600rpm.

c) with both no.5 and 6 discs debladed the first disc to burst would be
no.4 (stage 6) at 8 speed of 3280rpm. This includes the centrifugal
pull of the stage § biades.

d) 3280 rpm is therefore the upper limit of speed st which fragments of
any disc could be released from the rotor.

e) the worst case fragment of the debladed no.6 (stage 8) disc is more
massive and energetic than 8 corresponding fragment of any other
disc. Hence the bounding case is to assume that at the burst speed
for no.4 disc (3280rpm) there is @ consequential failure of the
debladed no.6 disc. The mass and energies of the corresponding
worst case fragment (120°) at the instant of fracture are listed below
together with the corresponding values for the original case.

2000rpm 3280pm
Fragment Mass (Ib) 8650 8650
Translational Energy
(10%t 1bf) 60.8 2.2
Rotational Energy )
(10%1 Ibf) 320 39.2

f) part of the fragment energy at the instant of fracturs is lost in
penetrating the surrounding Lasing and therefore the escape energy
is less than the values given above. An estimate of the total losses
for the debladed case has been made by scaling the dependent losses
and the resultant escape energy for the debladed case relative to the
original are given below.

Origing! Analygis Regvised Anplysis
3000rpm 22800m
Translational Escape
Energy (10%1 ibY) 34.2 425

Rotational Escape
Energy (10%1 Ibf) 6.1 8.1
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3.  Qyglic Loading of Foundation

Drawing no. R5031/2672 gives details of the cyclic loads for & fault
condition corresponding 1o the less at rated speed of 3 adjacent last stage
blades. The centrifugal pull in this condition is equivalent to 1.6 x 10%bs
(705 imperial tons). During the incident on 25th December 1293

b adjacent last stage blade aerofoils were lost. The centrifugal pull in this
case would have been 2.6 x 10%bs (1159 imperial tons).

/ﬂ,,u..ﬂ(/',

P.M.McGuire,
Head of Blading Design Group.

Copy: Mr.H.Sahiner - Fermi 2
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Escmi 2 LP Rotor
Blade and Disc Yeighls
Wt. of Each Blade
Disc No. Disc Wt. lbs No.of dladeshow ibs

299 0.65%

1 17,300
2 299 0.85
3 299 1.10

2 17.650
4 237 2.30
3 11,500 -] 189 4 .45
4 14,600 6 152 11.10
5 20,100 7 132 22.10
€ 25,850 8 - 64 90.30

Note: 1. Disc weight includes blade root.

2. Blade weight is the weight of the aerofoil section, plus shroud and lacing
$ wire/rods 8s appropriate.

3. In those cases where different blade heights are used in LP2 cylinder the
figure given above is for the heaviest blade.
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NUCLEAR GENERATION MEMORANDUM

Date: October 17, 1994 File 0801.21
TMPE-94-0588
To: R. A. Newkirk, Supervisor

Licensing & RA
“
From: K. E. Howard, Supervisor / % o)
Mechanical & Civil . f n

Subject: Turbine Overhead Crane

During the turbine incident, a missile had hit and dented the Turbine
Building overhead crane east girder at approximately 4'-10" north of
column row 4. As we had stated earlier, an engineering evaluation had
concluded that this dent did not have any significant impact and was
left as-found. Since the event, major lifts have been performed by the
overhead crane. The largest load, close to the design limit of the
crane, was the generator stator 1ift. This load was 425 tons and both
turbine cranes (each with 250 tons capacity) were used simultaneously.
The attachments (one drawing and two sketches) will clarify the
location of the hit/dent relative to the generator lift. The exact
crane wheel locations during the lift and laydown positions,
superimposed on the dent location of the east girder are also included
in the attachments. It is clear that auring the generator lift all
four wheels of the north crane and the northern wheel of the south
crane were on the girder span between column lines 4 and 5, where the
hit had occurred. After lifting the 425 tons, the cranes traveled
simultanecusly 12 feet south and placed the generator on the floor.
During this travel, two southern wheels of the north crane passed over
the dented location. Later, the generator was placed back into its
original location.

In addition to this lift, many heavy turbine components were moved cver
the hit location and either laid down on the southern area of the floor
or sent out through the equipment hatch. Our inspection following

these lifts found the crane structure in satisfactory condition, as
stated in our previous response, dated September 26, 1994.

i ,

/

Written By: H. Sahiner}éﬁi{u%;/
( /

HS:dsb
Attachments

cc: A. M. Alchalabi
ETS Correspondence
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