May 26, 1982

Docket No. 50-237
LS05-82-05-062

Mr. L. DelGeorge

Director of Nuclear Licensing
Commonwealth Ed43on Company
Post Office Box 767

Chicago, I11inofs 60690

Dear Mr. DelGeorge:

SUBJECT: SEP TOPICAIII-4.B, TURBINE MISSILES - DRESDEN 2

Enclosed 1s our draft evaluatfon of SEP Topic Il1-4.B. The evaluation
concludes that the turbine missile risk is acceptably low with the
addftfon of inservice inspectfons -destribed 1n the SER.

‘You are requested to examine the facts upon which the staff has based

its evaluation and. respond either by confirming that the facts are
correct or by identifying errors and supplying the corrected information.
We encouirage you to supply any other material that might affect the
staffs evaluation of this topic or be significant in the 1ntegrated as-
sessment of your facility.
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INTRODUCTION |
The safety objective of Topic III - 4.B is to assure that strutturés,
systems., anq components importént to safety are adequately protected
from potential'turbine missileé. Of those systems important to safety.,
this topic is ;rimarily concernéd'with safety-retated'syétems} i.e., those
structures, systems., or componénts necésséry to perform required safety
functions and to ensure:
t. The integrity of the reactor coolant pressure boundry.
2; The capability to shut down the reactoé and maintain it in a safe

shutdown condition, or

3.. The capability to prevent accidents that could result in potential
offsite exposures that are a significant fraction of the guideline .

exposures of 10 CFR Part 100, "Reactoc_§jte Criteria" (Ref.1)..”

REVIEW CRITERIA : o

According to General Design Criterion 4, b¥—hppendix A to 10 CFR Part S50
(Ref. 2), nuclear power plant structures, systems and components important
to safety shall be appropriately protected against dynamic effects,

including the effects of missiles. Failures that could occur in (ange

steam turbines of the main turbine—-generator have the potential for

ejeéting Large high~energy missiies that can damage plant structures,

systems and components. Typical safety — related systems are listed

in Regulatory Guide (RG) 1.117 (Ref. 3). RG 1.115 (Ref. 4)

- describes methods for protecting safety related systems

against low trajectory missiles (LTMs) resulting from turbine failure,

and outlines methods for evaluating and calculating the probability of
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unacceptable damage to these systems. Turbine missile safety evaluations
are prepared with tha aid of the abové Regu]étory Guides and Standard Review

Plan (SRP) Sections 3.5.1.3 (Ref. 5) and 2.2.3 (Ref. 6).

RELATED SAFETY TOPICS AND INTERFACES

The scope of review for this topic was limited to‘avoid duplication of
effort since some aspects of the review were performed under ré]ated
topics. The related topics and their subject matter are identified in

Table I. Each of. the related topic reports contains the acceptance

.criteria and review guidance for its subject matter. - The review for this

topic makes specific and direct use of information provided in reviews of-

Topics VII-3, and XV-18. Topic XV-18 is particufarly significant since .
turbine failure resulting in the rupture of theTtUrbineiﬁéiiﬁngglifii_;"fffi‘-
approximately equivalent to a main steam line failure outside éontainmeﬁf;
which for a BWR releases primary coolant stéah and radioactivity to the
environment. Hence, fégard]ess of the.probabf]ity of turbine missiles
strikihg safety'fe1atéd structures, systems, or compohéhts, the criteria A
of‘Tobic XV-18 must ge satisfied fn order to meet the criteria of this

topic.

| REVIEW GUIDELINES

Evaluation of the risk associated with turbine missiles involves (1) '

identification of safety related structures systems and components, (2)

definition of potential missiles and their probability of occurrence, (3)

quantitative and qualitative descriptions of strike probabilities, and

-



: TOPiC #
VII-3
IX-3
IX-5

XVv-3

Xv-7

Xv-18

TABLE I

RELATED SAFETY TOPICS AND INTERFACES

TITLE
Sysfems Required for Safe Shutdown
Station Service and Cooling Water Systems
Veqtilatién'Systems . -t
Loss of External Loadf Turbiné frip, Loss of Condenser
Vacuum, Closure of Main Steam Isolation Valve (BWR).,
and Steam Pressure Regulation Failure (Closed)

o

Reactor Coolant Pump .Rotor Seizure and Reactor

Coolant Pumb Shaft Break

Radiological Consequences of Main Steam Line .Failure

Outside Containment (BWR)

-
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4) specification of unacceptable daroac to safety related structures,

cystenss and components.

1. RG 1.117 (Ref. 3) and the SEP Review of Safe Shutdown Systems for

the plant (Ref. 7) are used tc identify safety related targets.

Target location coordinates relative to missile origins can usually

be obtained from plant layout drawings (plan and evaluation views)

to within about_i 3 ft. Obtaining a "complete" list of safety related

targets with their locations is aLways a concgrn.'vlt shoU[d be noted
that plant layout drawings undergo changes with time, and are general
not complete, in that not all safety related targets are shown on
them. For example, most safety related Qigjng (which does not appear
on layout drawings)., and vital powér lines and buses are difficult to
locate and take into account precisel} in an analysis. Hence, thé
estimation of “equivalent target areas and Lbcations" is frequently
required.

2. Fragments from low pressure turbine wheels are considered the primary
missiles prbduced during turbine failure. There are basically fwo
mé&es of turb{ne failure that can result in the ejection of missiles:

,'a) a design overspeed failure, caused by flaw induced failure of

turbine wheel material at approximately the normal operating speeds

ly

and b) a destructive overspeed failure, due to failure of the overspeed

control system. With few exceptions, for other turbine failures, broken

parts are relatively small and contained within the turbine casing.

The turbine vendor provides the licensee with the turbine information

required for an evaluation. This information consists of-+otor shaft

. rotational speeds, wheel characteristic (weights, locations, etc.),

-
-
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kinetﬁé-bropertjes o%;potentia1 missiles, missile generationj f

{ . - -
probabilities, and steam valve characteristics. In the absence of
NRC revicwsd and accepted plant specific datz on missile generation

probabilities [P1 (design) and P (destructive)] historical data

1
(Ref's 8 and 9) are used to estimate the likehood of missile-producing
turbine failure. Should the vendor present data only-on destructive -

overspeed failure. an analysis of strike and damage probabilities

for destructive overspeed may be used to obtain a totétuprobabitity

of unacceptable damage provided the value of P1 = 10_4 per turbine

year is used for the . total probability of missile generation..
Missile collisions with barriers and targets are acceptably estiimated
with the methods described in the SRP Section 3.5.1.3 (Ref. 5) and

RG 1.115 (Ref. &). As_with targets, barrier location coordinates,

relative to the origin of the missiles, can be obtained from pLanf

layout drawings. The barrier perforation formulae currently used by

M

the NRC in reviewing concrete barrier édequacx is the CEA-EDF

formula fRef. 10). The approach presented in References 4 and 5

'tdifferentfates between high and low trajectory missiles.

a) High trajectorylmissiles (HTMé) are characterized by their nearly
o vertical trajectories. Missiles ejected more than a few degrees
from the vertical are approximatéd to either have sufficent
speed such that théy land offsiter or have speeds low enough so
fhat their impact on most plant structures is not a significant
hazard.” Currently, the NRC accepféi for a giQen fai(ure mode (k).

the following formula for appfaximatiﬁg the HTM strike probability
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fer cach miscile (i) from each wheel (j):

BN S l ¢
o (HIM) = 4t A - I—,——~ . ]
' 12 Jﬂt 'LL Vo = Vm) V.: Vs
where 1v/‘ = maximum missile ejection velocity [{t/ccc]s
1Vm = minimum missile - barrier perforation.
velocity [ft/sec].
. 2
g = acceleration of gravity [32.2 ft/sec -
A = total horizontal target area [ftz], .
ILt = total solid angle into which the missile

can emerge
[ = 1.10 steradians, for missiles from interior
"wheels (azimuthal angle range + 5°).
= 2.66 steradians, for missiles from end wheels

S a—

(aximuthal ang[e'rangez“O to + 25°).]

‘Hence, the total HTM strike probability for N wheels, each of

which produces n missiles, is: N w

ke iTm> = o7 2 o “WXp ™)

2 g i
In estimating the strike probability for low trajectory missiles
(LTMS)» i.e.e» kPZ (LTsz'the missiles may be assumed to or{gihate
at the tqrbine shaft centerline and have straight line‘trajectories
(Ref. 5). According to the model described in Reference 5-
safety-related targets and barriers are approximated as planes
parallel to the turbfne qxis.‘ That is, the model presented does

not take into account the complex geometric configurations of

%



K . . : -
A .

tercocc or barrjers, the nr:b:bilﬂ:; St o Larnerd dgituclgné
missilez toward or away frorm-taroeso . v 1he asctucl parabolic
trajectory of the missi@es, nence, the auciination of cgivalent
targci areas or missile trajeciories moy sometimes bLie required.
* Tarqgets which are located outside the LTM strike zon: (Ref. 4)
afe considered.protected from LTMs.
Therefore, the total strike probability for a given failure mode ig
acceptably estimated by the above procedures as
A ) ) . ,

kP = P

> > (HTM) +

P2 (LT™

If the target is electronic equipment, electrical cables, or buscs.,
then scabbing velocities shouLd be used in place of perforation velocities
in evaluétion the final barrier.to’aEL8i‘7or thé“damaging effeé}s

. of .secondary missiles.

4, .In general., any_mjssile which perforates the portion of the final
Barrier between the turbiné and the target is assumed to cause
unacceptable damage to the térget. Thérefore, when a missile is
estimated to perforate the final barrier, the probability of damaging
a struck target (*33) is assumed to be *%. =1., unless data or
analyses ére présented to justify some other valve.

Based bn-fhé above defined probabilities, the proability of unacceptable

~damage tb a plant due to turbine failure is

| P :Z?i ke kp_ *p_ - per turbiné year.
R B - 4
Standard Review Plant Section 2.2,3 (Ref. 6) 1is enmployced to evaluate the

@alculated probability of unacdeptable target damage. Because of the difficulty

of assigning accurate numerical values to parameters which define the expected
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rate of occurrence of unacceptable damage to safety-related structures.,
. s . -6 .
_ systems or components, the probatility of .approximately 10 per-year is
currently considered acceptable if, when combined with reasonable qualitative

argumenis, the actual probability can be shown to be lower.

V. EVALUATION
1. Target Information ‘ . ' R
This tOpic is primarily concerned with ensuring a) the integrity
of the reactor éaolant pressure boundary, b) the capability to shutdown
~ the reactor and maintain it in a safe shutdown condition,.and c) the
prevention of significant’radioactive release to the environment
(Ref. 1). The class 1E electrical systems, including the auxili;ry-
systems for the onsite eléctric power supplies,.that provide the_
emergency electrical power needed for the function of safety related
systehs are taken into consideration in this evaluation. Those
structhrés, systems, and components whose continued functioning is
not required but whose failure couldlreduce to an unacceptable,safgty leQeL.thg
functional capability of any'safety related system or could result
in incapacitating injury to occupants of the control room are also
taken into consideration.
a) Reactor éoolant Pressure Boundar?
The Dresden Unit 2 reactor coolant pressure boundary consists of
the pressure vessel, the recirculation loops and pumps, the High

pressure and low pressure coolant injection (ie., HPCI and LPCI)

and isolation condenser (ie., IC) piping, and the feedwater and
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and main steam systems up to and fncluaingAthe outermost .- - -
containment disolation valyés in system piping which penetrates
primary reactor containment.  Due to the complegity of the.réactor
cooladt'pfessure Boundary gebmetry, this target area is taken to be
the cross sectional area of the drywell interior. The cross
sectional area_df the steam tunneLAis also considered a safety
related target éince a missile en{ering this area could prevent *
closure of the main steam isoLation valves.
Safe Shutdown.éystem5~

The staff and the licensee have developed a "minimum List" of

"systems necessary to take the reactor from operating conditions

to cold shutdown (Ref. 7). ALthough;other systems may be used to

‘ﬂperform shutdown and cooldown functions, the following list is the

minimum nuhber of systems required to futfitL the BTP RSB 5-1-
critefia: Reactor Control'aﬁlerotectioh Systems; Electromatic

Relief valves; LPCI Svstems; HPCI System:s Emérgency Service Water (ESW)
System; Instrumentat%on for shutdownyand cooldown; and Emergency
éower'(AC and DC) and Control Power for the above systems and

equipment.

~ The entire reactor control room is considered the prime target area.

for the Reactor Control and Protection System. Although the control
room is, by location, adequately protected for LTMs, being outside the

LTM strike zone, it is a target for HTMs. The reactor control and

prote;tion buses behind the Reactor.Building Closed Cooling Water

—~

'
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(RBCCW) pumps are considered LTM targets. Also, the electrical
cable tunnel leading from Unit 3 to the control room is.a target
for LTMs.

The LPCI System is considered adequately protected froﬁ all turbine
missiles, being located below ground level along the reactor
‘building (RB) wall farthest from the turbine and behind the dry=-
well. |

The HPCI system is below ground level, located in the HPCI .-
.buflding behind the Unit 3 reactor building (ije. alonglthe RB -
Qall farthest from the turbine) and, hence, adequately protected
from LTMs, although it is a target for HTMs. 4 -

T— -—

The ESW System, also called fhe Tontainment Cooling Water (CCW)
 System, consist of four pumps (located in the turbine buitd{hg)
and twd heat exchanges (located . below ground Level in the far
corners of the RB, relative to the turbine) which draw water from
two contaminated condemsite storage tanks. Only the pumps and
storage tanks are so located as to be considered turbine m{ssile.

targets.

The torus shaped pressure suppression chamber, the hydraulic

control rod drfve (HCRD) system, and the standby Liquid

controL'(SLC) sys%éh éfé the onL} instruments fdr ;H;tdohn:énd
cooldown which have not been included in one or more of the above
systeﬁs. fhe pressure suppression chamber s not considered a
turbine missiles target since it is shadowed from turbine missiles
by the turbine pedesté[ and the RB and drywell super-structure.

However, the HCRD system and the SLC system are



‘the latter is viewed as a back up system.

.below,ground level in the HPCI building. Therefores neither are

.

considered targets, although the former is at least partiéLLy

shadowed by the turbine pedestal and the RE. Superstructure and

Station batteries and diesel generators are the control power

and emergency power sources for safe shutdown and cooldown systems ' S

and equipment. The battery room is Locafed over the control room

and, hence is a target only for HTMs. ' There are two diesel generators

available to Dresden Unit 2 (astwelt as Unit 3); one is located -
at ground floor level of the turbine building outside the LTM ~
strike zones and the other - shared by Units 2 and 3 - is located RN

T - St

L™ targets, and, although they could be struck by HTMs, neither

are considered HTM targets since, due to their physical separation

and the fact that only one generator is required for safe shutdown,

one missile cannot strike bothAgeneratorS;*and the probability

of two missiles from a single failure event each hitting a different

_ generator is considered negligible.

The IC system was added to the safe shutdown and cooldown systems.

list since it wouLd.normaLLy'be;reLied on as the first choice of the

'operator~for cooling the plant upon loss of the main condenserv‘

(which is, of course, not available during a turbine failure).

While the IC system is on the side of the dry well opposite the
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Note, for the reasons discussed in fsgg_f§5ic fxﬁ3;;ihg:
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turbine and therefore, protected irom LTMs, the 1C condenser.,
located in the RB at the 589 ft Level, is contidered a‘taééét—for
HTMs.

The entire Crib House, which contains pumps for the diései
generator cooling wafer (needed to cool the diesel generations
and the.HPCI and LPCI room coolers), the service water supply.,

and the fire protection water system., is a target for turbine

missiles.

RBCCW systeﬁ is not considered a target for turbine missiles.
Sources of Radioactive Release

Outside the reactor éoolant pressure boundary the only significant
sources of radioactivity are the spent fﬁel in the spent fu;L
storage pool, and liquid and ga;eous radioacfive waste stored 1in

the offgas filter building and in-and-around the radwaste building.

Since it is necessary not only to protect the spent fuel from

-direct missile strike, but also preclude significant loss of

watertight integrity of the storage pool., either of which could
result in’the release of radioactivity and offsite exposures

that are a significant fraction of the guideline exposures of

10 CFR Part 100, the entire spent fuel pool is taken as a turbine
missile target; Similarily, the offgas filter building is |
considered a turbiné missile target:; howevef} since the chafcoal
adsorber beds and most vital equipment are below ground level, the
building is considered a target only fér HTMs, The radwaste

building and associated.radioactive waste storage tanks were not
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considered turbine missil¢~térgets. According to Technical
Specification 3.8, the activ{ty of material‘store& there i§
below the iimits specified in 10.CFR Part 20; it was assumed that
it could ﬁot contribute to»fhé 10 CFR Paft 100 specified limits

\

at the enclusion érea-boundary or the‘low population zone. It
should be noted that a turbine failure which results in turbine
casing rupture is roughly equiva[ent to a main steam line failure
outside ééntainmeﬁt. For a BWR, rupture of the pressure-5§undary
outside contéinment will allow radioactivity contained in the coolant
to escape to the gnvironment. Hence, a turbine failure with turbine
casing ruptures in itself, constitutes a_potential hazard to public
health and safety. fegardless of miésile ejection. The radiologigal
‘consequences of such a failure aré reviewed under Topic XV - 18.
Targets considered in the analys{s 6f unacceptable damage due to
potentisl ejection of hiQh and low trajectory missiles during

~ turbine failure are summarized in Table fI. Noté that, except for
the E[ectr%c Cable Tunnel (Unit 3) and the Contaminated Condensate
S;;rage Tanks, safety related systems for Unit 3 do not lie in the
Unit 2 LTM strike zoné. However, safety related systems associated

with-Unit 3 that are potentially susceptible to HTMs were taken into

account in this evaluation, as indicated in the table. Unit 1

safety related systems were ignored.
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2. Turbine Data
‘Dresden Unit 2 has a condensiég 1800 RPM, General Electic Company »
code type N1 turﬁine with 38" long last stage buckets. This 1is a
tandem compound unit with thrée 2-flow low pressure (LP) hoods and
one.Z-ftow high pressure (HP) section. Each of the three, similar,
low pressure turbines has 8 wheeLé at each end, and each wheel carries
a single row of buckets. Steam from the hﬁgh pressure turbine is
sent through a moisture separator for removeLAof'entrained water
§ffore eﬁtering the LP turbines, steam is exhausted from the three

LP turbines into a three section condenser.



‘a)

b)

c)

*%
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TABLE II

POTENTIAL TURBINC MISSILE TARGETS *

Structures, Systems : HTM sk : LTM %
and components : Units Units

Reactor Coolant Pressure Boundary

Drywell Interior . . X X X
Steam Tunnel : X X X

Safe'shutdown

Control Room _ - X =

Reactor Control and Protection Buses X
Electrical Cable Tunnel (Unit 3) b
HPCI pumps and heat exchanges X X )
ESW (ie., CCW) pumps ’ X — X X
Contaminated CSTs ' . =X = -x -
HCRD System - X

SLC Systenm ' X X X )
"Battery Room X X :

IC System : . X X .

Crib House : - X - -x =

Sources of Radioactive Releasg
Spent fuel Pool | X X X
Offgas filter Building - X =

These targets were considered sufficently vulnerable to warrant a
detailed barrier analysis to determine whether or not they can be struck.

. A x under a given unit number indicates that the target for that unit

is considered potentially vulnerable to HTMs (or LTMs) from Unit 2.
The notation - x — indicates that a particular target (i.e. safety
related system) which serves both units is potentially vuylnerable.
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This unit is not a current production "38 inch‘]ast;stage bucket'
unit. The vane pitch diameter is sm2ller and, consequently, the
wheel stresses are lower, resulting in a smaller wheel than is used
on current units. Wheels ére.desighated by their stagé'number and
wheel 1ocatioé number; Table IIl shows the Dresden Unit 2 LP turbine

“wheel weights and locations with stage and wheel location numbers.
Correspondingly, vendor estimated, wheel fragment projected areas and
exit velocities for a postulated destructive overspeed faijyre are
presented in Taﬁlé v, assuming wheels bufst'into 120 degree segments
-at approximately 180 percent of normal operating speed. ‘

Analysis
In general, the total strike prqbabi]i?yhpé-is estimated as a sum;
over all missile-target combinations, of products of geometric .

"~ and perforation probabilities. For this-purpose, the geometric
probabf1ity is deffned as the ratio of the solid angle subtended by
the target to the maximum possible solid angle associated with the
ejected missile (see Section IV of this Topical, and Ref. 5).
Correspondingly,” the perforatﬁon probability is defined as the

'probability that the missile will perforate intervening barriers and
hit the final barrier in front of the target with sufficient energy
to either perforate it and strike the target or cause scabbing, in

which case secondary missiles are assumed to strike the target.
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TABLE III
LOW PRESSURE TURBINE WHEEL WEIGHTS -

AND LOCATIONS

Order " Stage Wheel Weight Location *

No. No. - NO. : (lbs) (ft)

1 14 L-0. 12438 - =7.29
2 13 L-1 8098 =5.96
3 12 L-2 - 7288 -4.94
4 1 L-3 6606 -4,06
5 A0 L-4 5721 -3.23
6 9 L-S. 5613 - =2.46
7 8 L=-6 5424 -L.67
8 7 L-7 4397 - .67

* This is the distance along the turbine shaft from the center line of
the steam inlet to the center line of the wheel.



TABLE 1V
POSTULATED TURéINE MISSILE DATA FOR
DESTRUCTIVE OVERSPLED

FAILURE

WHEEL NO. WEIGHT AREA MIN. _MAX.
1 4146 .0 557.0 . 334.7 "510.0
- " 906.5 - " "
" 1256.0' " . 4 i (1]
2 - 2699.0 298.0: ©20.0 550.0
. " 495.4 " o
" 692.8. " "
3 2429.0 298.0. o "
" 495 .4. ) " "
" 692-8 ] - - " (1]
4 2202.0 298.0. " ~ "
: " 495.4 L "
| " : 692.8. L "
5 1907.0 213.0 "  470.0
' " 368-9' . " o
" 524.8 " "
6 . 1871 -0 213.0 - n "
. " 368.9 " . "
4 " 524.8 "o A "
7 1808.0 . 213.0 " "
) " 368-9 " "
" 524.8. " "
8 1466.0 213.0- v "
" 368.9¢ L "
" 524.8 " "
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The evaluation performed for this SER involved an analysis of~thé"

geometric strike probability fdr the targets listed in Table II,

a separate analysis of the perforability of -intervening barriers,

and an integrated assessment of the resulting turbine missile risk.

a)

Geometric Strike Probability
The procedure used to calculate the LTM geometric strike

probability is described in Ref. 5. Following this procedure,

~ the LTM strike probability for the targets listed in Table II,

based on the poﬁtu1ated turbine missile data presented in

Tables III and IV, is about 8 x 1072, if no credit is taken

for intervening barriers, i.e., structural members, radiation

shie]ds, and non-safety related equipmert between the turbine '
and the targets. Based on this strike probability, the

prdbabi]ity of unacceptable damage to safety related structures,

: systems, and components would bé unaccepfab]e acCording to RG 1.115

and SRP- Sections 3.5.1.3 and 2.2.3. However, there are numerous

barriers between these targets and the turbine which must be

_taken into account.

Barrier Analysis

The methodﬂof analysis employed involves the computation of
residual velocities for the pertinent missiles in the turbine
missile spectrum acting on the structural barriers between the
turbine and the various targets. Residual velocities were
éomputed in accordance with the recommendations contained in a

paper by George E. S]iterl(Ref. 19). The CEA-EDF formulas for

-
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perforation and residual velocity were used. A”ca]cu1at{on was
also made with the NDRC formula which was found to be overly
conservative based on the results reported by Sliter in the
above mentioned paper and in reports of full scale fests.
(i) Low Trajectory Missiles
In general, targets outside of the turbine building and
below the main floor (elevation 561'-6") are ﬁot vu]nerab]é
to low-trajectory turbine missiles because of the number
and size of structural barriers. The CCWS Pumps-are'
partially protected from low-trajectory turbine:missiles
by the turbine supports, as is the electrical. cable
tunnel (Unit 3); however, qdéahate shielding does not
complietely shadow the effective target -areas; therefore,
these targets are vulnerable even thougﬁ the pedestal -
and supports, which partially shield them, cannbt be
perforated by any of the postulated missiles.
"For 1ow-trajectofy turbine missiles ejected above the main
f]Oo;, the only targets which are vulnerable are the
contaminated condensate storage tanks and the standby

1iquid control system. Table V summarizes the results of

the barrier analysis for low trajectory turbine missiles.
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TABLE 'V

© TARGET VULNERABILITY

LON TRAJECTORY TURBINE MISSILES

POSSIBLE MISSILES*

BARRIERS**

" CONCLUSION

Drywell Interior

Spent- Fuel Storage
Pool

Electrical Cable
Tunnel (Unit 3)

Steam Pipe Tunnel
|

Stand-by;L1qu1d

- Control System

Reactor Control
and Protection
Buses

HCRD System

" Wheel Nos.

1 through 8

78" Drywell Wa]T, 39"
Reactor Building Wall,
24" Radiation Shield

62" Fuel Pool Wall, 39"
Reactor Bu1]ding'wa11.

24" Radiation Shield,
(132" Turbine Pedestal)

132" Turbine Pedestal,

39" Reactor Building
~Wall

‘I

-y None

24" Radiation Shield,

39" Reactor Building
Wall,

48" Reactor Bu11d1ng
Wall

24" Radiation Shie]d,

39" Reactor Building
Wall,

48" Reactor Building,
Wall

Not Vulnerable to any missiles

Not Vulnerable to any missiles

Vulnerable to 8ll nissiles,
however, partially shadowed

Hot Vulnerable to any missiles

Vu]neréb]e to all miséi]es

Not Vulnerable to any missﬂe‘

Not Vulnerable to any missiles
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TABLE V (CONTINUED)

POSSIBLE MISSILES*

BARRIERS**

CONCLUSION

8. ‘CCNS Pumps

9. Crib House

10. Contaminated
- Condensate
Storage Tanks

* See tabulation of missile spectrum, Table IV

Aok Assumed f'c=4000 psi, for concrete barriers; those closest to'target listed first.

( ) Indicate a barrier that partially shadows the target.

(132" Turbine Pedestal)

132" Turbine Pedestal

None

II
1

Vulnerable td all missiles,
however, partially shadowed

Not Vulnerable to all missiles,

Vulnerable to all missiles,
however, partially shadowed
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(i) High Trajectory Migsifes
For high-trajectorf turbine missiles virtuaﬁ]y any target
in the plant is vu]nérab]e except the following:-
The drywell is not vu]nerab]e fo any high-trajectory
turbine missiles. This inciudes the drywell head
although the radiation shield above the drywell head
could be penetrated to.a depth of approximately
- four feét by the worst case high-trajectory mfséi]e.
Equipment in the reactor building outside the drywell
and below the 517'-6" level-is not vulnerable to

~'-h1'gh-trajector'y mis§i1es from—wheels 5 through 8.

As shown in Section IV of this SEg Topic, the HTM strike

probability is a function of the perforation velocity for the

‘ceiling or roof covering the target. For convenience in analysis,

each safety related target, on the average, is conservatively

assumed to be covered by a ceiling 18 inches thick. According

~to the methods employed here (Ref. 10), the mean perforation

velocity for the most energetic postulated turbine mfssiles
incident on_a 18 inches thick reinforced concrete barrier
with a compressive strength of 4000_psi is 158 ft/sec.
Discussion
(i) LoQ Trajectory Missiles
0f the ten potential targéts for low trajectory missiles
(gee Table II), our barrier_gné]y§j§ showed that only the

following four are vulnerable: the Electrical Cable Tunnel

’
.!l-n);

"'A
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(Unit 3); the Stand-by Liquid Control System; the CCWS

o wwn et

Pumps; the Contaminated Condensate Storage Tanks. That is,
by the staff's calculations, the.postu1ated maximum

energy missiles from all wheels can perforate intervening
barriers and strike these targets. - For the maximum energy

missi]és, the resulting total strike probability for

. -2 :
LTMs is 1.6 x 10 7; the largest contributions to the total

are associated with the Electrical Cable Tunnel, 8-x~10_3,. =
and the Contaminated Condensate Storage Tanks, 7 x 10-3, “~
With regard to the Electrical Cable Tunnel, credit was not vi

taken for the high angle of incidence (greater than 45
degrees from normal; for turbjne ggggiles on the tunnel
wall, wﬁich would tend to result in missile deflection rather
than perforation. A]so, for none of the targets was credif
taken for the fact that existing missiles would havé a
velocity distribution rénging from near zero to makimum,
which coqld be reasonably expectéd to_decrease the resulting.
strike probability by a factor of about two. In the staff's
opinion, these conservatisms indicate that'the‘actua1 strike
probability is well within the range 10-3 to 1072,

High Trajectory Missiles

Of the twenty potential targets for high trajectory missi]es
(see Tab]e IT) our barrier analysis showed that all but tﬁe

two drywells are vulnerable. For estimating the strike

nrobahilityv, the ertire floor~area of the room containinag

a given safety related system was taken in some cases as
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the effective area of tBe system. Tﬁe total Hbrizontéi
avec of all targets Vu]nerab]e to HTMs was approximatej
to be 32600 ft2. For a unjform distrfbution of mjssi1e '
velocities, from the Cei]ing perfofation ve]o;ity to the
maximum missile velocity, the résu]ting total strike
probability for HTMs was calculated to be 1.7 x 1073,
Furtherhore, due to conser@atisms‘ﬁn9019ed in estimating'

| thé:targét area and ceiling thickness, we believe the
actual HTM strike probability is below 10-9

As a result, based on a missile generation rate P, of

1
10'4 ber year, the staff‘estiméts;_}hat total probability
of unacceptable damage P4'(sée Section IV) from 19w and
hﬁgh trajectory missiles is 1e§s than 10_6 per year.

(ii1) Other Factors | |
We have also reviewed pther factprs that have a bearing
dn.the probability of missile generation at both design
andidestructive overspeed.

Protection against desfructive overspeed failure is
Aaccomp]ishedlby three indépéndent systems; i.e., a normal
speed governor, and mechanical and électrica1 backup
overspeed contrq] systems. .Aésuming 100% steam flow and
100% on the load selector, the control. valves will
throttle to try to 1imit overspeed to a setpoint of 105%
6f turbine speed. Due to 1argé quantities of steam contained

in the turbine and separators, turbine speed may .increase
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even after control valves have closed. Upon which the
intercept valves will throttle closed at 105% to a setpoint

of 107% of tdrbine-speed. ¥ turbine speced increased to

'110%, "a mechanical turbine trip would occur, closing the

main stop valves as well as the contro) and'intercept valves.
As backup protection for the 110% mechanical trip, there L. -

is an electrical overspeed trip df 112%. Every fefue]ing outage

the turbine is tested for a mechanical overspeed trip of 110%

turbine speed and an electrical overspeed trip of 112%

turbine speed (Ref. 11).

The following Dresden Station prpcedures (Ref. 12) areuusgd to

R

assure re]iabi]ity of thé'turbine overspeed protection system: (a) .

Each of the main stop valves, the extraction valves for the
D, C, and B extractions, and each of the six intercept stop

valves and intercept valves are exercised daily; (b) the control ,

“valves and 24-volt Master Triip Solenoid valves are exercised

weékly;.and (c) the turbine auxiliary system is tested Qéek]y.
Whi]é‘the staff finds these procedures acqeptab]e, we
recommend addition of the fo]]owing:j At aoproximately 3-1/3«
year inter;a]s, during refueling or maintenance shutdowns
coinciding with the inservice inspection schedule required by
Section XI of the ASME Code for reactor components, at 1é§st
one main steam stop valve, one main steam control valve, one

reheat stop valve, and one reheat intercept valve should be

—
-
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dismantled and visua] and surface examinations conducted of~

valve seats, disks,:aﬁd stems. If unacceptab]e'f1aws 4
or exceséiye‘corrosibn are found in a valve, all other
valves of that typeiéhould be dismantled and inspected.
Vé]ve bushings.shoqu be inspected and cleaned, and

bore diameters should be checked for proper clearance.
The staff concludes that.the Dresden Station procedures,
together w1th our recommendat1on, constitute adequate

assurance of turbine overspeed control system re11ab111ty

The Dresden Station Unit No. 2 turbine-generator was
manufactured by General E]ectrfc. During the pasf several
years the results of turbine iané;tions at operating
nuc]ear faci]itiés indicate that cracking to varioué -
degrees has occurred at the fnner radius of turbine |
disks or wheels. Some of the turbines in which

wheel Sore cracks havé been ide;tified are of General
Electric design. The‘staff'has been following this

devé]opment closely and, togethér with the respective

turbine manufacturers, is in the process of developing

‘new ¢riteria and procedures'for establishing turbine

wheel inspection frequencies, as well as guidance for
turbine overspeed control system maintenance and testing

to preclude wheel failures.

B

It
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As a result of the:cracks found recently, General Electric
has provided specific inspection recommendations to

utility owners for_éach LP turbine not yet inspetted. which
will have been in service for six years or more as of the
end of 1982. Included are both machines operating in

BWR and PWR plants. These recommendations involve
inspecting each machine within a period of one year or
-less. .

With regard to the Dresden Station Unit No. 2 L.P.‘turbines,
a January 1981 wheel bore ultrasonic examination by

General Electric detected. indic&tivns on the bore surfaces

of numerous wheels. A1l of these indications were )
shallow and ndt expected to affect the structural integrity'
of the wheels. Keyway indications wereialso detected. These
indications varied from less than .03 inches to a maximum
of .29 inches. In performing ca]cu]atiéns to determine.

the re{nspection intér&a] for these L. P, turbines,

General Electric conservatively assumed that either stress
éorrosion cracks were present or that they initiated

as soon as the unit was put back on line. The reinspection
interval was based on the current NRC criteria which |
states that a wheel which contains indications must be

reinsbected in one half the calculated time required

to redch one half the critigal crack size. With this
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criteria, General Electric estimates that these turbings
.shou1d be reinspecéed wfthin six years. The NRC staff
currently accepts this wheel reinspection schedule.

Summar | |

We conclude that, provided the criteria of Topic XV-18 aré

satisfied and the inservicé inspection schedules discussed in

this report are followed, the total turbiﬁe missile risk from

high and.iow.trajéctory missiles for the Dresden Station Unit No. 2

design is acceptably low so that the plant structure, systems,

and components impprtant'to safety are adequately protected

against potential turbine missiles.
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