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Question 9.1 gmg g y ,
, ,

Provide the following information which can be supported by
annlysis, drawings and the experience gained from previous failures, 1

I

for the three different kind of rotors, (i.e., Hp and Lp turbine rotorsand the generator rotor).

Establish the maximum energy contained in a missile frcoa.
each of the three types of rotors.

i

b. Establish the minimum energy lost by the missfie in passing i

through its rotor housing.
j

Using the remaining kinetic energy of each of the abovec.

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 and maintain a safe shutdown condition,,

i

Response

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 a safe shut-down condition of the reactor could be investigated.

The approach taken to establish the maximum possible energy of
a 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-StageWheel Failure." This analysis concentrates on the last stage wheel ofthese rotors. Based on various frag =ent sizes and energies together vith
the nature of the surrounding structure the last stage whael fragments are
considered to be the most dangerous missiles emanating from these rotors.
This va confir=ed by the failure of Hinkley Point Station "A" turbine genera- ,

tor on September 19, 1969. These wheels are also highly stressed and thusthe most probable 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 ulti=. ate tensile strength of the wheel material. The total kineticenergy at bursting is proportional to the weight of the fragment, while
the relative amount of translational energy is dependent upon the fragmentgeometry.

It was assumed that the wheel burst into three 1200
since this mode of failure approximates a shape for which the missile

segments,

i

Ce ese
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translational kinetic energy would be maximum. For the HP rotor an
additional =issile was considered having a length equal to one completeflow and a sector of 1200

for the discs concerned. A sum:.ary of the
maximum energy of missiles emanating from the HP and LP rotors is givenin Table I below.

TABLE I 1
'

ENERCY OF HP AND LP ROTOR MISSILES

Fragnent Description: Enrico Fermi Enrico Fermi HP Enrico Fermi HPLP Wheel 8 Stage 7 Disc Discs One Flow
,

Fragment Dimensions:
Angle (deg) 120 120 120Weight (1b) 8650 1460 10,270

Assumed Bursting Speed w $9(rpm): ( 4000 4000
~

Initial Energy:
l

Translational !

(ft-lb x 10 ) tQ' c -
-*

6 '~

2,4
Rotational 17,3 , {

(ft-lb x 10 ) ' @ 3,n6 L 14.8 34.6
i

The above postulated accident is most improbable since it
!assumes:

.

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. i

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 fanblades. The caximum kinetic energy for each missile is given in Table
*

II with each failure assumed to occur at 120 percent of machine running ;

speed, l
l

!

.

m
4-.--
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TABLE II

ENERGY OF MISSILES FROM CENERATOR

Missile Type Kinetic Energy

Rotor Body Segment 32.8 x 106 in.-lb/in.

End Bell Segment 345.0 x 106 in.-lb

Fan Blade 60.073 x 10 in.-lb

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
c.g. , with a sudden increase in angular velocity. Initial impact
with the surrounding stationary parts occurs in a few micro-seconds
with the stationary parts cru=pling while deflecting the missile.
The angular momentum of the missile enhances the irregularity and
unpredictability of its path in trying to penetrate the outer casingof the machine.

Although the rotational kinetic energy contributes to the
confusion of the missile path it does not contribute significantly tothe 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 is based on tests withlong right circular cylinders. This analysis is considered conserva-
tive because of the ineffectural shape of the generated missiles. Cal-
culations indicate that missiles e=anating from the HP rotor and the
generator rotor vill be stopped before they can completely breach theirrespective outer casings. The HP and generator perforation energies are
sufficient to preclude the emergence of a missile with any translationalkinetic energy. The LP rotor mis:,ile is thought to be the only missilethat could breach the casing of the machine. The energy contained by this
missile as it emerges from the outer LP casing is given in Table III,

i below.

TABLE III

ENERGY OF MISSILES PENETRATING THE ~

OUTER CASING OF THE TURBINE GENERATOR

Missile Description Rotational Energy Transla tional Energy
_

LP k' heel No. 8
a.1 rg-120 Fragment h x 106 ft-lb 6{3 y x 10 ft-lb

--

mem *
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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

This missile could break through the turbine casing in anygenerator.

radial direction. However, the direction of rotation of the machine is
such that the motion of the top half of the rotor carries it away from

.

'

the reactor and auxiliary buildings. Furthermore, these buildings are !not in direct radial alignment with the LP sections of the eachine. '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 would t

-

,,7
''

leave the turbine building with about (4T2Jiii 100 ft-lb of translational
kinetic energy. Again this missile vouE 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. _ . _

mated that the missile vill strike these structures with ggfrx 10Itlsesti._Jj|,j j
ft-lb ;

"

of residual translational kinetic energy after allowance for energy losses !
due to sir-drag forces. The missile, as it strikes the reactor building
vill surrender little of its energy in passing through the roof of the
steel superstructure and will rea
the reactor building with aboutE2fr6 x 106the refueling floor elevation of O. g ci i

ft-lb of kinetic elih~g~y~. The~ W
~

LP missile would be potentially damaging to these building structures I

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 aboveessential 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 a 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 is simplified and is
intended to provide a basic statement on the unique system characteris-
tics which minicize the probability of occurence of an overspeed condition.

-

..
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. , > - .. .,

..
.

. ,
.

Amlriklon gives several values for b penetration coefficient, k. From his table 1
) J. (also given by Moore) and his Fig.10, we have b values:"

*

j
-

,
.

4
j = .

1

)*.~
->,- .

-
,

*
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| .00799 2200 pl concrete
i .00476 3200 pel concrew,1.M reinforcement

.00282 5700 pet concrete,1.4 reinforcement . - ''
*

.

i .00348 3000 psi concrete Specielli reinforced' J/ ' - .,5 '.'

.
' 00277 4000 psi concrete ecoording to'y : ~ - ., QE ,~ " '

.

5000 psi concrete ,Amfrik!an Fig.M ;j.' . . :+."%.00224
f.c - % : > .u; .

.

In the present calculations, k = .00475 was used as probably r+ ::::,he et ,
j current construction. Obviously, from eq.1-4) and the table, this mey overeselmste ,

j the penetration by a factor of 2 If special construction is veed. - |,.-

|
.

,' ; , . x.
s-

;

| One further remark should be mode. By use of eq.1-1) and I-$, it een be
,

seen that the penetrotton depth In a slab of least twice on thick as the perforation;

i
thicknesses given on pgs. 60 and 62 (i.e., for T > 2D') would be one-half the .' ~

V^^
! perforation thicknesses shown. .
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possible missile protection will be achieved through basic p ant

.

h' 'hPPENMX _jY~3 2
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!
,

'
. component arrangement such that direction of flight of these missiles ,,f''

will be away from critical components. Special consideration will be *[of ,7 7
'given to the segregation of components associated with the engineered

s.safety systems (e.g., core spray and containment spray) such that the j_, ; /-
failure of any component could not render the engineered safety
systems inoperable. We find these design consid2 rations to be accept , f' 4able and we will review the. detailed plant layout prior to completion ;
of the plant.

3.5.7.3 Frotection From Turbine Missiles
'

InAmendments12,%I,gy ;

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 failures and to reduce the damaging

; 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.

will be designed, to the maximum practical extent, "to meet the IEEE-279
Proposed Criteria for Nuclear Power Plant Protection Systems to enhance
the reliability of the overspeed protection systen and limit the maximum

7anergy of potential turbine missiles. J4
hthe orientation and location of the three low pressure turbines are such -

,that any potentially generated missiles would have to be deflected in L I

order to cause their trajectory to intersect the volumes occupied by Iv/,.I'; equipment essential to attaining and maintaining a 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 _- <'
culated missile pen _etration,_ depth in order to prevent the creaths of
secondary missiles. Detroit Edison specifically discussed the adequacy

1 of the barriers (in the form of walls and ceilings) that were provided
for the control, battery, and relay rooms, the standby liquid control
system and the standby gas treatment system. It also stated that the
6 feet thick concrete shield plus will adequately protect the reactor
vessel head.

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 systems, and the
use of protective barriers will mitigate the consequences in the unlikely

-

tvent that missiles are generated.
, ,

.

.

.

N
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SUMMARY fi

Protection against structural failure b case of accidental impact of several types of g
'projectiles must be a consideration in nuclear power plant design. The critical nature of

~" ;;,;"certain items of equipment makes it necessary to surround some areas of the plant with
i,

|
,

missil resistant structures. Ordinarily, missile barriers consist of reinforced concrete walls,j }..

roofs and floors. A design procedure for rectangular concrete panels subject to various types84
of missile impact is outlined in this paper. M

A number of different flying objects are usually postulated as posrible missiles in power
plant designs, including planks, pieces of pipe, turbine parts and even automobiles. In gen-5
eral, missiles fall in two different classes, rigid and. nonrigid. The behavior of a panel, of' 4m
course, is different for each, High velocity, rigid missiles can penetrate and, in some cases,

,

*
cause little structural darange to the panel outside the area of impact. On the other hand,I'

nonrigid or collapsible missiles do not punch through the wall, but may cause failure ofj n I -

'he panel by shear or bending, depending on the location of the point of impact. Both lal-
' ' i

[ [| ized penetration and general structural behavior of plate elements are considered foi a'r ne a .

b| .
P

hhh,"I.'N"dd' 'fyiis' ]i
'

N .

'
variety of possibilities.'

The well known Petry formula is utilized to determine adequate thickness to prevent j i
i

, :p y',. m "f m: total penettstion and spalling on the inside of pancis struck by rigid missiles. As an extensic ay .j f
O

to the usual analysis, this formula is also exploited to obtain impact times for rigid missi!cs
;

-

' lirini: ' 1

Two different regions of impact are considered when evaluating general structural action;k'&
'

and to estimate maximum dynamic response of panels impacted by rigid missiles. W, , , ,, , , , ,

'
' ' ' , '
"-

,

near an edge and in the center. For edge impact, shear forces are of primary concern.Here,S
~

E
they are computed using momentum principles, rather than the energy methods usuallyf

employed. Flexure is the mode of main concern when the impact is in the centre! rea of*,.-; [[. My ,-

a panet. Ir. the analysis presented here, the plate is replaced by an equivalent fixewat beam,
, min

T--

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, thus 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 ficxure is included.

,

M e liEi M.

i -
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1.0 Introduction the penetration depth should be restricted to less than 2/3 of the panel

Protcetion against structural failure in case of impact by several dif- thickness to satisfy the inequality:

Emnt types of projectiles must be a consideration in nuclear power plant T > C A x 10 (L) (2)
.$

design. In most power plant designs, a number of flyin:1 W" * - are usually
- g

In which Cpostultted es possible missiles ranging from wooden planko o a small auto. g depends on the missile velocity and can be obtained from the
curve in Figure 1.

nblio.
The absolute minimum requirement for a panel design is to prevent theThis paper presents a method for analysing reinforced concrete plate

penetration by any missiles postulated to strike it.clemento subject to impact loads and outlines a design procedure to insure
thit the structural integrity of such panels is maintained. Since the walls * "** *" " *C I '#**

Gr_rrounding critical equipment areas are usually made up of a series of con- s menti ned previously. only limited data are available for determining
crato panels, the method presented here is particularly useful. contact forces. Suitable force-time relationships have been determined for

some of the larger non-rigid missiles. Figure 2 shows contact forces vs.
2.0 Mimiles

In the design of structures against impact, two general types of mis. time variations for two different automobiles crashing into a rigid barrier.
In each case, the impact speed was different. Unfortunately, similar datacilos cro usually considerede high velocity, approminately rigid missiles
are not av .lable for smaller, more nearly rigid missiles. A simplified(Tcts co a wooden plank, a piece of pipe, or turbine parts, and non-rigid
analysis for such cases can be utilized, however, provided the time of impact

bodiso Euch as a small a stomobile. can be established,
To analyse a structural component for its behavior when impacted by a

An equation of motion, which may be used to obtain an estimate of themiccilo, four items of information concerning the missile are necessary.
They ara the weight, the area of contact, the velocity and the variation of time required for penetration, can be derived using the Modified Petty

Formula. If it is assumed that the ratio of resisting force (F) to the masscontcet frrce during impact. Realistic assumptions on the first three can
of the missile (m) is given by:be made quite easilys however, data on contact forces are limited.

h"Vd=-1.15 exp(2 a
(3}3.0 Penetration

ror the smaller, nearly rigid missiles, penetration of the panel is ? where

usually the dominant concern rather than overall structural damage. The , y.2 = 215000 ft /sec (19973 m /sec )2

depth of penetration into a concrete wall may be calculated using the Mod- = Depth of penetration at any instantx

itled Petry Formula V = Missile velocity at any instant

then, straight forward integration of the equation of motion for the missile
(1)D' = KAV'R yields a terminal penetration which is in agreement with the Petty Formula.

However, the solution of the equation determines velocity as a function of
wher3:

distance. Due to the nonlinear nature of the motion equation, a numericalD' = Depth of penetration in slab of thickness h (L)
Material property constant (L /F) integration is necessary in order to determine the velocity as a function ofg =

4.76 x 10~ ft /lb. (2.97 x 10~ m /kg) for reinforced concrete time, which is required.
=

Sectional Mass, weight of the missile per unit cross sectional area Two separate cases must be considered in any design and the form of the
A =

2 motion equation is ditferent for each. The two cases ares (1) missile in-
of contact (F/L I 2

*V' = Velocity factor = Log 10
V* the panel.

Initial velocity of missile F r the first type of impact, tne panel will not deflect and the equa-V ,2
=

221$000 ft /sec (19973 m /sec ) tion of motion to be solved ist VV8 =

2 e.Thickness ratio
,,, ye ,3,C1 =

** W** KA g.- = 1 + exp (-4 (e'-2)]
*

=

whero e' " h * h subject to the initial conditions -

:
15 T-fr '

t = O s x = 0, m = V, gJ
and D is the depth of penetration in in infinitely thick slab. JM W mn M4 M Wm b W mu M W pM, W pd hM

% ~ . . . - .. ...sie~.ne na caeva+= aa th lat**iae *"rfaca-
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daflects. It can be considered as a single degree of freedom system. Its impact may be computed by the methode described in the previous section.
equivalent mass and equivalent spring constante, which depend on the panel Then the impulse-momentum relationship gives the following empreselon for!
gsometry, can be readily determined. Treating the system of the missile and total impulsive shear force on the periphery
the elab, such that the force between the minelle and the elab is of the same av
forie se the cose where no motion of the elab to assumed, the following two 0, = gp*

equations raeults wheres

a = -1.15 " - esp [2. 3Y (m (5) 0, = shear force per unit length of perimeter
"

\ i V, = initial velocity of the missile
m = mass of the miselle(6)My + ky = - m-m
T* = impact tirse

with initial conditions: S = length of perimeter of active area
t = 03.m = y = y = 0, x = V , since the time history of the contact force is known for the vehicular mi[

In equations (4), (5) and (6 ) , elles, the maximum eheer force is given by:
x = missile displacement F
ya panel displacement Q, = gg

' '

0
M = equivalent mass of slab ** e ue #ntac fwce ,
k = equivalent elab stiffness

. 1'

* Or e ar f wce, the punching ahear strees cG#
m = maes of the missile be calculated from the formula:It to suted that if the properties" of the elab are such that its displacement

O
y vanishes, the two equations reduce to Equatica 3, which in turn yields the y.f
final displacement predicted by the Petry Formula.

An examination of the equation of motion of the panel shows that ini-
y = shear stressatielly, when y = 0, the elab acceleration is equal to - times the missile
9 e i y eduction factor for shear force (Section 9.2 ACI StandC

r.cceleration. For subsequent time, thle acceleration a even lose. There-
318-71 [133fore, neither the velocity nor the displacement of the panel, at the comple- d = depth from extreme compreselon surface to centroid of tension reqtion of embedmont, will exceed " times the missile velocity and displacement.

M forcement.
For many cases of practical interoet thu mass ratio is less than 14. In

8 * *8 ""8% M mPared with some a11m able such astsuch instances, penetration time could be based on rigid target conditione ACI allowablee

with very little error. The error would be on the conservative side since
the predicted time would be shorter than actual. ' 1[f, (p

where:Dy solving the equation of motion for several different values of nie.
site weight and initial velocities a graph such as shown in Figure 3 say be ffisthe28daycompressionstrengthoftheconcreteused.
established and used to determine impact times for a wide range of these When the stress exceeds the allowable, either the energy absorbing capacit{
pcrametere. of the reinforcement smaet be investigated (sec. 7), or the panel thicknees

**
5.0 Impact wear support

The chief concern when a miasile strikes near a support, is the limitin9 6.0 Miselle Impact Near Center of Panel

punching shear. In order to calculate the shear stress, the conservation In this case, the critical mode of behavior le flexure. To treet the

of momentum is used. An area of elab is moeumea to be activated immediate1Y flexural problem, the maximum flemural displacement due to impact is obtaid
upon impact. This active area is enclosed by a perimeter which entende by integration of the equation of motion.
outside the contact area of the miselle by a distance of 1/2 the panel When small, rigid miselles are considered, the displacement and velocf
thicknees. The shearing force is considered to be distributed uniformly at tP conclusion of embedmont may be estimated bys
aroun1 this periphery. iy, g, -

ror the small, rigid miestles, it is further assumed that the shear p ggg
,=gy pforces are constant througnout the duration of the impact. The time of y

!
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REFERENCESThen the maximum displacement is
(1) American Concrete Institute Building Code Requirements for Reinforced

(V / )2 V2 (12)
= h D' +Y .

Concrete (ACI 318-71) (1971).
\ /

If this approximation yields unsatisfactory results, the deflection (Y) and (2] Norris, Charles H., Hansen, Robert J., HolleY' Myle J , B1ggs, John M.
velocity after impact (v 1 can be computed by carrying out the actual inte- Namyot, Saul and Minami, John K., Structural Design for Dynamic Loads,a
trction. The values found in this way would be less than those obtained by PP. 160-162, McGraw-Hill Book Compeny, New York, (1959)*
the ahort. cut method. The maximum displacement is given in either case by [3] Biggs, John J4., Introduction to structural Dynamics, pp. 72-79,
Og ntion (12). McGraw-Hill Book Company, New York (1964).

On the other hand, when the time course of the contact force is known,
the panel deflection can be obtained by an integration of the equation 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
eq ivalent fixed and beam. Equivalent mass and spring constants for a single

'30 60 90 120 150 180degrce of freedom spring-mass usadel of the beam are tabulated in many sources '5'''|''' 3- *I==*3=='g"

- 30
including Norris et al. [2]. The analysis can further be simplified by re.
placing the known force-time curve by an idealized triantrular variation of

EIequal impulse. A typical idealization superimposed on the original is 8 4 00 - - 25 O
^

111n trated in Figure 4. With the triangular pulse eid a given spring-mass y
model, the saanimum deflection can be obtained f rom the shock spectra given

v - 20 I
by, for example, Biggs [3). If the nazisma deflection exceeds the ultimate,

the energy capacity of the reinforcing steel must be considered or the panel Q
~ T~ 3

UF
thickness increased. Z - 85 9

W Z
200 - g

7.0 Energy Absorption of Reinforcement
bIn the case that either the allowable punching shear stresses a,re { - 10

k E
czeeeded or the maximum deflection exceeds the ultimate value, the rein- W -

w
g

f rcing bars will still of fer some re 21 stance to penetration. In addition, O iOO -

U -3 O
thero will also be some resistance lef t in the concrete, even though local U

failures have occurred. A conservative evaluation of the additional resist-
,f, ,,, ,,, ,,,cnce results from considering.only that of the reinforcing steel. The bars, ,,, ,,,

in cffect, form a net to hold the missile. To determine the espacity of the VELOCITY WT/SEC) 100 200 300 400 500 600

* net', it may be assumed that the steel in the impact area is strecthed to i i , , i

2M 3M 400 500
its ultimate and evaluate the stored strain er'ergy. If the sum of the energy

ab orbed in the crushing of ductile missiles, the energy absorbed in the
panel to reach the allowable shear or ultimate deflection, and the ultimate Figure 1. Minimum Thickness Needed to Prevent Penetration and Spalling.

cnergy espacity of the steel in the impact area exceeds the initial kinetic
energy of the missile, penetration can be prevented although considerable
local damage might result.

y

)
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Dear Mr.Fron,

,

Fermi 2 LP Rotor Missile Analysis

During our meetings with NRC at Fermi on 3rd and 4th August they raised a
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 infortnation
to enable DECO to carry out a revised analysis. The required data is detailed

.

below. I

1. LP Rotor Blade and Dise Weichts.

The attached table lists the weights of each of,the shrunk on discs and the j
individual blade weights for each stage. The oisc weight includes the blade !
root up to the bottom of the aerofoil and the blade weight is the weight of
the serofoil together with the shroud, lecing wire or lacing rods as
appropriate. For stages 1-4 the LP2 cylinder blade heights are different to
those in the LP1 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. Burstino of LP Discs I

'

d ia) the burst speed for the no.8 disc (stage 8) was originally calculated
i to be 3000 rpm. In arriving at this value it was assumed that the

blades were attached at the instant of fracture so that the effects of
j

* -

blade centrifugal pull were included in the calculation. e However, it'

was also escumed that the blades were lost from the resulting worst
,

*

case 120' missile before it exited from the turbine. Hence, the mass
and energy used for the 120' missile were of the disc and blade :
roots only and did not include the blades.,

-

g' Nehid Rood,Rgtn,Worwh CGI M, Englo d-
8

Telephone; C788 577111 Teles: 31443 GAL To o Fox: 07a8 531700,

,'

Gi< AL$tHOM TuREANE GENERAioRS UMrTfD , is Reg. sacred Oftce Neeld Road, Rugby. we,w.ekshi . Reg:stered in f ngtond No. $61s$k
,I
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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 3600 rpm.

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

d) 3280 rpm is therefore the upperlimit of speed at 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 trkore
f massive and energetic than a corresponding fragment of any other

disc. Hence the bounding case is to assume that at the burst speed
for no.4 disc (3280 rpm) there is a consequential failure of the
dobladed 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. 1

Oriainal Analvais ftevised Analysis
3000 rom 3280rnm

~

Fragment Mass (lb) 8650 8860
Translational Energy

; (10'ft ibf) 60.8 72.2
I Motational Energy *

(10*ft Ibf) 33.0 39.2
*

f) part of the fragment energy at the instant of fractura is lost in
penetrating the surrounding casing 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 i'

.

and the resultant escape energy for the debladed case relative to the *

; original are given below.
!

Oriainal Analvula Revised Anafysis
'

3000 rom
'

3280rorg,

,

|
"

Translational Escape
.

''
5Energy (10*ft Ibf) 34.2 42.5

Rotational Escape t

Energy (10'ft Ibf) 6.1 g.1

;

i ji -

; I
i i
| C i.
'

.

i ,

L ,
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3. Cvelic Loadina of Foundation

Drawing no. R5031/2572 gives details of the cyclic loads for a fault
condition corresponding to the less at rated speed of 3 adjacent last stage
blades. The centrifugal pullin this condition is equivalent to 1.6 x 10' abs
(705 imperial tons). During the incident on 25th December 1993
5 adjacent last stage blade aerofoils were lost. The centrifugal pullin this
case would have been 2.6 x 10'Ibs (1159 imperial tons).

I
i

eN'Y

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

.

.

Copy: Mr.H.Sabiner - Fermi 2
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1 299 0.65 |
1 17,300 I

2 299 0.86

3 299 1.10
2- 17.650

4 237 2.30

3 11,500 5 189 4.45

4 14.600 6 162 11.10
i

5 20,100 7 132 22.10
;

6 25.950 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 as 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 ,

j

|
'

;j

Date: October 17, 1994 File 0801.21 :

1 TMPE-94-0588
i

! To: R. A. Newkirk, Supervisor

{ Licensing & RA

K. E. Howard, Supervisor # [" '
/From: ,.

Mechanical & Civil '

1

!
j Subject: Turbine Overhead Crane
!

$ During the turbine incident, a missile had hit and dented the Turbine
j Building overhead crane east girder at approximately 4'-10" north of
I column row 4. As we had stated earlier, an engineering evaluation had ,

i concluded that this dent did not have any significant impact and was
i 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 lift. -This load was 425 tons and both
3 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

a

j crane wheel locations during the lift and laydown positions,
superimposed on the dent location of the east' girder are also included

9

J in the attachments. It is clear that caring the generator lift all
,

i 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
j simultaneously 12 feet south and placed the generator on the floor.

During this travel, two southern wheels of the north crane passed overJ

! the dented location. Later, the generator was'placed back into its i

I
3 original location.
1

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

these lifts found the crane structure in satisfactory condition, asi

i stated in our previous response, dated September 26, 1994.
1

i '$ . | <

| Written By: H. Sahiner ' p)E
'

.

| c

j HS:dsb

Attachments

j cc: A. H. A1chalabi
j ETS Correspondence
1
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