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Supplement No. 4

Emergency Core Cooling System

Changes have been made to the emergency core cooling system to provide
independence between the subsystems. These changes are presented sche-
matically in Figures 6-1, 9-8, and 9-10.

The changes may be summarized as follows:

1
P

Two 100 percent capacity low pressure injection pumps (3000 gpm
each) are used to inject and recirculate coclant after an accident
through each of two decay heat coclers and into two separate reactor
vessel nozzles.

A separate sump suction line is provided to each of two low pressure
pumps. These lines are jacketed from the reactor building out
through the sump isolation valve.

Three 100 percent capacity high pressure injection pumps are providec
to assure subsystem independence following an accident. Each of
these pumps is capable of pumping SO0 gpm at a total developed head
of lLOO feet. Each emergency core cooling subsystem will contain
one of these pumps. Either the third pump or one of the two emer-
gency pumps may be used to supply seal water flow and reactor cooclan’
system makeup during normal plant operation. The four injection
lines are brought individually outside the reactor building with
separate remotely operated isclation valves.

The decay heat cooler cutlet can be cross connected to the high
pressure pump suction to provide high pressure injection after enter-
ing the recirculation mode should the reactor coolant pressure be
above the maximum discharge pressure of the core flooding tanks and
low pressure pumps.

To provide independence between the reactor building cooling

system and the core cooling systems, the ccoling water for these

two functions has been completely separated. This has been accom-
plished by installing a separate set of pumps to circulate river wate
directly through the reactor building coolers. Additional pumps and
coolers are included to provide separate open and closed loop cooling
systems for the decay heat coolers.

The critericn for separation of the system is as follows: Each sub-
system will be arranged and physically separated to permit detection
and isclation of leakage from a given subsystem. Leakage detection
will be provid»’ by separate auxiliary sump level detectors. Wall o:
equipment saf .ds will assure that leakage from a given subsystem wil
reach the ar - opriate sump.

The indepr.idence that is described above is raflected throughout the
auxiliar systems and extends to the ultimate heat sink.
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Docket No. 50-289
Feoruary 23, 1568

AMENDMENT NO. &

METROPCLITAN EDISON CCMPANY
THREE MILE ISLAND NUCLEAR STATION
Amendment NO. & to the Metropolitan Edison Company's Preliminary Safety
Analysis Report consists of Supplement No. 5. Supplement No. 5 should

te placed directly behind Supplement No. 4 in Volume &.

. Alsc included are four copies of the Table of Contents, page vii. One
of these revised pages should be placed in each of the four volumes.
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Docket No. 50-289
Supplement No. S
February 23, 1968

SUPPLEMENT NO. 5

The following information is submitted in response to an oral
inquiry by the AEC regulatory staff regarding what possibility
there is for an airplane hitting the Three Mile Island station
while arriving or departing from Olmsted State Airport and re-
garding the capability of the station to safely withstand such
an unlikely event.

Section A presents a discussion of the probability of such an
event and concludes that there is less than about cone chance
in one million per year that it could occur,

Section B presents a discussion of the capability of vital areas
of the utation to safely withstand a hypothetical aiscraft inci-
dent.

SECTION A - PROBABILITY OF AN AIRPLANE STRIKE

The Three Mile Island Station is two and one-half miles (straight
line distance) from the eastern end of the single runway of
Olmsted State Airport. The station is about one and one-half
miles to the southwest of the extended ..unway center line. The
respective location of the station and the airport and its run-
way ar2 shown in Figure 2-2 of the PSAR, which is also included
as Figure A-1 of this supplement.

Air traffic in the site area is discussed briefly in Section
2.2.3 of the PSAR and flight pacterns in and out of Olmsted
Airport are described in Supplement 1 (dated October 2, 1967)
in answer to the AEC Staff's question numbered 2.6.3.

Those responsible for planning and operations for the Olmsted
Airport, formerly the Olmsted Air Force Base, have indicated
that there are no plans for additional runways and that present
flight patterns are well established.

The probability of crashes into the plant by aircraft arriving
or departing Olmsted has been approximated by examining 10 years
of records in the ?T?ual statistical summaries of U. S. air
carrier accidents and individual aircraft accident reports

(I)U. S. Air Carrier Accidents, Statistical Review and Resume of
Accidents, annual edition, 1900-6oD, inc .usive, Civil Aero-
nautics Board, Bureau of Safety.
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available from the Bureau of Safety of the Civil Aeronautics
Board. These records cover about eighty million aircraft move-
ments (landings plus take-offs). The accident occurrences
related to them are summarized in Tables A-1, A-2, A-3 and
Figure A-2.

Using these data as a basis and the approximations described
below, it is estimated that for each aircraft movement (landigg
and take off) at Olmsted there is about one chance in 3 x 101
of a crash into the plant. This is quavalent to a recurrence

interval of about one strike in 5 x 10 years for each aircraft
movement per year.

If it is assumed that there are about eighty thousand aircraft
movements per year at Olmsted, (about four times the present
movement rate) the chance of a crash into the plant in any one
year is less than one in a million (i.e., is equivalent to a
strike recurrence interval of once in more than a million years).

The types of air carrier aircraft which now use Olmsted airport
in terms of approximate percent of total air carrier movements
are:

Convair 3580 67%
DC-9 10
Fairchild F-27 10
Boeing 707 3
Other 10
100

Because it is served primarily by local service carriers and

by shorter flights of trunk carriers, there is a higher portion
of smaller aircraft than at major airports and this relative
pattern will probably continue in the future.

In addition to air carrier movements there are small civilian
and executive aircraft flights (probably less than 10% of total
flights), some Air National Guard flights from a unit stationed
at Olmsted (probably less than 10% of total flights and using
C-121 type aircraft) and some small percentage of transient
military flights including helicopters. Of all of the aircraft
presently using the airport, the Boeing 707 is the largest type.

As indicated above, most of the aircraft movements at QOlmsted
are of the air carrier type. This proportion is likely to in-
crease in the future, particularly if traf. ¢ increases to about
four times the present rate as has been assumed in the proba-
0ility analysis. Therefore, the use of air carrier accident
statistics is appropriate.
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As indicated in Section B, hereto, protection is afforded in
the plant against a crash by an airplane of about 300,009 1b.
weight (which is typical of the Boeing 707 class or against
the worst missile likely to result therefrom). Presently,
about three percent of movements at QOlmsted involve this class
of airplane. If this ratio is maintained for the projected
80,000 movements per year and if it is assumed that crash
frequency for 300,000 1lb. class airplanes is the same as for
all those considered, the chance of such an airplane hitting
the plant would be about one in 30 million per year.

There are aircraft which may be used in the future which are
larger than the 300,000 1b. class (e.g., the Boeing 747.) If,
as seems reasonable, they do not comprise more than 1 to 10%

of air traffic at Olmsted and if they have similar crash
frequencies as present air carrier aircraft, the chances of
their hitting the plant should be less than one in 10 to one in
100 million per year, assuming there are about 80,000 movements
per year.

The estimated chance of a crash into the plant (i.e. about one
chance in a million per year) is in the order of a hundred times
less likely than other types of extreme environmental effects
(i.e., from tornadoes and floods) for which the plant is designed

Aircraft Accident Statistics .

The Bureau of Safety of the Civil Aeronautics Board publishes
annual statistical reports on U. S. Air Carrier accidents.
Table 1 summarizes data contained in these reports for the
period 1956 through 1965, inclusive, based on about 30 million
aircraft movements.

Individual accident reports were examined to determine the
portion of the total fatal accidents (roughly comparable to high
energy accidents) which occurred in the proximity of airports
(i.e., within a 5 mile radius of the end of the runway being
used). The results are summarized in Table A-2 for operations
in Continental U. S. The types of aircraft involved in these
accidents are listed in Table A-3.

Probability of Airplane Strikes on Three Mile Island

In order to get an approximation of the probatility of an air-
plane crash into the plant, the geographical distribution of
crash impact locations with respect to the runway being used
was plotted for all fatal crashes listed in Tables A-2 and A-3
for the chosen ten-year period. Then the relative location Of
the plant and the ends of the Olmsted runway wer. sumperimposed

A-3
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on a plot. The results are given in Figure A-2 for both
arrival and departure crashes.

Examination of Figure A-2 indicates that 15 of the 17 landing
accidents were within + one-half mile of the extended runway
centerline. Only two 6f them were outside the + one-half mile
runway width. Thus, it is clear that there is not an equal
probability of a landing accident strike in the area near an
airport. To provide some adjustment for this situation, it is
assumed for purposes of estimation that 15 of the arrival acci-
dents strike within + one-half mile of the runway centerline
and that the other two have an equal probability of striking
anywhere else within a four mile radius circle. Thus, there
are two crashes which have some probability of being superim-
posed on the station location.

The fatal departure accidents numbered 10 over the 10 year perio
and 5 of them were within a 1 mile radius of the end of a runway
To provide for the non-uniform probability of takeoff accidents
striking in the vicinity of the airport, it is assumed that 30%
of them strike within a 1 mile radius of the end of the runway
and the other 350% have an equal probability of striking anywhere
else within a 4 mile radius. All accident locations plotted in
Figure A-2 are assumed to be within the 4 mile radius evan thoug!
one departure accident lies slightly outside this radius. Thus,
there are 5 crashes which would have some probability of being
superimposed on the station location.

During the 10 year period of record there were approximately 40
million aircraft arrivals and 40 million departures. Thgrefore,
the applicable accident frequency (f) is about 5/40_x 10~ or

1.25 x 10-7 per departure and 2/40 x 10° or 5 x 10‘8 per landing

Using these numbers, the probability of a crash on the station
for any one landing or takeoff was taken to be the applicable
accident frequency times the ratio of the "'target area'" of the
plant to the "total area” in which the applicable accidents are
assumed to happen with randcm distribution. These areas were
estimated as follows:

(1) The "target area" for arrival (landing) accidents was
assumed to be approximately the horizontal area (on
the ground) which would be covered by the plant plus th«
shadow cast by the largest vertical cross section of the
ploat (excluding cooling towers) assuming light rays
emanate from the plane as it approaches the plant
along a line inclined 10° above the horizontal. This

A-4
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angle was chosen as being a typical descent line for
airplanes crashing on landing. (If the angle were
greater, the area would be less and the probability of
a strike would be less). The area of the shadow so
obtained was increased by 50% to account for airplanes
which might crash in front of the plant and slide into
it. The resulting target area for arrival accidents
(here called Aa) is about 0.0225 square miles.

(2) The "target area" for departure (take-off) accidents
was similarly estimated using a 45° approach angle
believed typical of departure crashes. This area
(here called A,) was estimated to be 0.0066 square
miles. d

(3) Tte "total area" for random distributign of departure
accidents (here called A_.) is "7 (4)%- ° (1)° or
47.1 square miles. Simaigrly, the "totﬁl area" for
arrival acrcidents (At ) is about T (4)%-1x8 = 42.2
square miles. -

For any one arrival, the probability (Pa) of hitting the plant
is:
-3 0.0225

pa - fa Aa/Ata - 5 < 10 X U.—z— - 2.66x10

-11

Similarly, for any one departure, the probability of hitting the
plant is:

% ~ -11
Py fdAd/Atd = 1. 25 x 10 x 0,0066/47.1 = 1, 75x10

and for both departures and arrivals the average probability is

Pa + Fd -11
—_—

= 2.2 x 10

This is eguivalent to a rec*srence interval of one strike every
4.5 x 1010 (or, say, 3 x 10*Y) years per aircraft movement per
year.

If it is assumed that there are about 80,000 aircraft movements

a year at Olmsted and that half of the take-offs (20,000) and
half the landings (20,000) are from the end of the runway nearest
the plant and therefore could affect it, the chance for the plant
being hit is:

P = 20,000 (Pa+Pd) = .88x10~°

6004 126

A-5



This is equivalent to a recurrence interval for a crash on the
plant of about once in 1.13 million years and indicates that
there is less than cne chance in a million that an airplane
will crash into the plant in any one year.
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Year

1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

TABLE A-1

SUMMARY OF U. S. AIR CARRIER ACCIDENTS(?+2)
ALL OPERATIONS

(3)

Total Accidents Fatal Accidents
107 9
113 14

90 15
102 18
90 17
84 11
70 10
77 13
79 13
83 9

(1)

(2)

(3)

From U. S. Air Carrier Accidents, Statistical Review
and Resume OT Accidents, annual editions 1056-83,
Civil Aeronautics Board, Bureau of Safety.

A "U, S. Air Carrier" is defined in the referenced
report as "those operators who have been issued a
Certificate of Public Convenience and Necessity by
the Civil Aeronautics Board."

Fatal accidents are those in which one or more human
fatalities occurred,

Jooa 128

A-7



TABLE A-2

FATAL .ACCIDENTS IN THE PROXIMITY OF AIRPORTS 1’2
CONTINENTAL U. S.

NUMBER
Year Total Arriving Departure
1956 1l 0 1
1957 3 2 1
1958 3 2 y |
1959 4 3 1
1260 2 0 2
1961 2 X 1
1962 3 2 3
1963 4 3 |
1964 9 2 1
1965 _2 2 _0
27 17 10
TABLE A-3
TYPES OF AIRCRAFT INVOLVED IN THE FATAL
ACCIDENTS LISTED IN TABLE A-2

Year Aircraft

1956 Martin 404

1957 Convair, DC6, DC3

1958 DC7, Convair, Viscount

1959 Electra, DC3, M202, L1049

1960 Electra, C46

1961 Electra, L049

1962 B707, DC7, L1049

1963 Viscount, L1049, Martin 404, DC3

1964 DC4, DC3, L1lu49

1965 B727, B727
(1) Source: Aircraft Accident Reports, National Trans-

‘ portation Safety Board, Department of Transportation.

(2) Wwithin a five-mile radius of the end of the runway

being used.
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Docket 50-289
Supplement No. S
February 23, 19638

SYPOTEETICAL AIRCRAFT INCIDENT

Section B - Deg}gg Qbiective

Capability to Withstand Air Strike

Although the probability of an aircraft incident at the Three Mile Island
Nuclear Station is extremely remote, the principle structures and component
of the plant, set forth below, will have the capability of withstanding hyy
thetical aircraft strike related loadings such as:

Case Item Weight Velocity Effective :
A Object 6,000 1lbs. 200 knots 5 ft. diame
B Object 4,000 1bs. 200 knots 3 £t. diame
C Total Aircraft 300,000 lbs.* 200 knots 16 f£t, diame
D Total Aircraft 200,000 1bs. 200 knots 19 £t. diame

and thereby preclude the occurrence of any accident condition not previocusi
evaluated. These loadings are typical of those which may be associated
with an incident involving commercial, multi-engine, jet aircraft traveling
4t a maximum speed of 200 knots or 334 £t/sec. Other loadings such as the
consequences of an exploding fuel tank will be considered if such an accide:
is found to be possitle. Collateral effects of the loadings, such as the
generation of secondary missiles, fire, and pressure and temperature effect.
will he considered tc assure the capability cf briaging the plant to a safe
shutdown condition.

1. Reactor Building - The impact of the loadings described as Cases A,
B, C, and D will be evaluated on the apex of the dome and at a sign:
ficant location on the cylinder to assure that the hypothetical
objects are prevented from penetrating the external reactor contain-
ment structure or causing it to collapse. The interior structures
and major components are supported from the base mat independent
of the containment shell. Consequently their response due to the
hypothetical aircraft strike is minimal (i.e. less than that asso-
ciated with the seismic disturbance). The only other significant
items attached to the containment shell include the polar crane
and the spray header piping. The trolley and trucks of the crane

*The analytical check sn the basis of this loading considered a high uniforz
collapse resistance of the fuselage, which further investigation indicated
was not conservative., Because of the extremely remote probability of such
an aircraft impacting at the most unfavorable location and altitude, the
structures of the plant will be designed to have the capability of withe
standing a hypothetical strike of a 300,000 1b aireraft with the load-time
description described in Appendix B. s

0004 132
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will be tied down during plant operation to ensure no over=- .
turning or sliding will occur due to the most severe disturbance

resulting from either the maximum seismic load or the hypothetical

aircraft strike. The spray header piping will similarly be

checked to ensure collapse will not occur. It can therefore be

concluded that loss-of-coolant accident will not occur due to

the disturbance associated with the hypothetical aircraft strike

and there will be no release of radicactive material to the

environment.

2. Control Building - The impact of the aforementioneda loadirgs on the
roof at approximately Zlevation 385'-0" and side walls will be
evaluated. The area to be protected is depicted on Figure B-l1. This
check will be with the objectives of ensuring that:

a. No penetration or cocllapse of the structure will occur.

b. Instrumentation and controls necessary to shut down the reactc
plant and maintain it in a safe condition will be available.

¢. Access provisions «nd ventilation systems are designed to
prevent ingress of aircraft fuel, fire, smoke, or pieces
of the aircraft which could cause unacceptable damage.

d. The Control Room remains habitable during and after the

incident. ‘
0004 133
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3. Fuel Handling Building - The impact of the aforementioned lcadings
the roof and side walls will be evaluated with the objective of sat
fying Items "a" and "c¢" listed under paragraph "2" above. The
openings for ra.lroad entrance will te sized and located such
that the possible trajectories would not include one which would
result in the cbjects falling into the Spent Fuel Pool. The roof
and walls of the structure will afford protection against missile
impingement. This is depicted on Figure B-l and provides protectic

of the Spent Fuel Pool.

L. Auxiliary Building - The impact of the aforementioned loadings on

the roof and side walls will be evaluated with the objective of
satisfying Items "a" and "c¢" listed under paragraph "2" above.
The floors of the structu.re at Elevation 329'-0" or 305'-0" depen-
ding upon the location will afford missile protection for equipment
located below these elevations. This is depicted on Figure 3-l1 and
provides protection of critical items of the radicactive waste

treatment systems.

5. Intermediate Building - The impact of the aforementioned loadings ¢
an enclosure surrounding the main steam lines to a location downstr
of the isclation valves and surrounding the emergency feedwater
pumps will be evaluated with the objective of providing protection
below the flocr at approximately Elevation 340'-0". This is depict
on Figure B-l.

Summary of Studies

A preliminary study was made to determine if a containment vessel of
essentially the same gecmetry and design used for the Three Mile Island
Nuclear Station provides protection against the impingement of those mis-
siles described as Cases "A" and "B" (i.e. the 6,000 1b. and 4,000 1b.
objects traveling at 200 knots). This study which is described more
completely in Appendix A, indicates that the upper bound of displacement
due to a direct central missile impingement on the spherical dcme does not
correspond to a condition of collapse.* The study further indicates that
penetration will not occur due to lccal material failure.

*This preliminary analysis is admittedly grossly conservative and assumes
plastic response vhich the dynamic elastic analyses described hereafter
indicates will not cccur.
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A study of Case "C" was made to determine the response due to the direct
central impingement of a 300,000 1b aircraft on the dome. This study, which
was a dynamic elastic analysis more completely described in Appendix B,
indicates that the impingement of the total aircraft sbould not jeopardize
the integrity of the dome. It was assumed for this analysis that the
impinging aircraft would have a constant load time curve as shown in

Figure 1 of Appendix B. This analysis considered a high collapse resist-
ance of the fuselage which further investigation indicates is not con-
servative.

A second study was made to determine the response due tc a direct central
impingement of a 200,000 1b aircraft on the dome. This was also a dynamic
elastic solution as descrived in Appendix B. The results of this analysis
indicate that the impingement of the 200,000 lb aircraft should not jeopardiz
the structural integrity of the dome. The load time curve for this aircraft
is the result of a more intensive investigation of the phencmena associated
with an airplane crash. The results of this investigation and a plot of

the lcad time curve is in Appendix C.

The potential pressure increase external to the critical structures
caused by the rapid combustion of the Jet fuel is anticipated to pose no
problem in that all critical structures consist of significant thickness
of structural concrete and no confining space exists to produce high
local pressures. Aircraft crash fire experience has not indicated that
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the vapor clcuds release coincident with the deceleration of an aircraft
will produce serious blast hazards. The vapor clouds that can be formed
by the bulk release of fuel from aircraft tanks can and do ‘create large
balls of fire, but since these release into open air where there is no
confinement problem, no blast damages are anticipated. Nevertheless, a
study will be made including use of the same analytical technique used
to determine primary cavity pressure due to primary coolant breaks, as
reported in the answer to Question 5,8 contained in Supplement No. 1 to
the PSAR. Conservative assumptions on confining volume and vent area
will provide data as to credible over-pressure conditionms.

The numbers of cpenings tc the outside, from within areas housing

vital components or systems required for the shutdown and maintaining

the reactor plant in a safe condition, will be held to a minimum and
essentially will be only those required for operator access and ventil-
ation. A more complete study regarding capability to be provided for
fire detection and protection following the hypothetical aircraft strike
is included in Appendix "D". Shielding will be provided for critical
openings to prevent direct aircraft strikes upon the openings. Examples
of use of both fixed and movable shields are shown in Appendix D, Figures
1l and 2,

The concrete structures will also be designed taking into consideration
the development of secondary missiles and potential loss of structural
capability due to scabbing or spalling of concrete.

Where objectionable secondary missiles may occur due to the scouring
action of the reflected shock wave in the impact face or the scabbing
effect of the propagated wave in the opposite face special systems of
reinforcement will be used to provide the needei tensile strength. This
reinforcement will consist of either rebar trus:tes or anti-scabbing
plates. The containment liner will of course provide this reinforcement.

The extension of all buildings designed to withstand the hypothetical
aircraft strike will be constructed of reinfcrced or prestressed concrete.
The walls and roofs of these buildings will be of significant concrete
thickness as required for radiation, missile, and/cr aircraft protection.
The mild steel reinforcement for these buildings will have a concrete
cover of 2 in. or more. The tendon cocnduit fcr the reactor building will
bave a minimum cover of 6 in. as specified in the answer to question
7.12.1 in Supplement #1.

Slabs and walls with 2 in. of concrete cover for the reinforcement and
a thickness of 6 in. has a 2 hour fire rating.l The two hour fire
rating indicates that the & in. slab or wall will support its design
load while exposed to temperatures up to 1850 F for two hours. However,
two bours is considered adequate time to extinguish any fire produced
by an aircraft crash at this plant.

J004 136

3«3 ‘Revised 3-28-¢€8)



Spalling of concrete is considered to be of two types.l The "explosive'
spalling is produced when there is high relative humidity in the
concrete and the free moisture changes to steam producing small pockets
of pressure, This spalling starts at the surface exposed to the aigh
temperatures and ropagates inward. In the unlikely event that the
necessary ingredients are present (high relative humidity and high
temperatures) it is possible that some of the concrete could be spalled
off. The only structural members that would be exposed to high tem-
perature would be the walls. The protective structures are designed
such that a fuel fire would not occur inside the structure. 3Burning
fuel could be puddled on the roof slabs, however the concrete would

not be exposed to high temperatures because the flame would be burning
on the top of the slab and also on top of the fuel. There would be

no damage due to spalling of roof sla*s. The walls could be exposed

to flames and possible high temperatures in which under the ideal
condition one could expect to lose concrete due to spalling. However,
the walls are sized for radiation, missile, and/or aircraft protecticn
and from a structural consideration; a loss of 2 in. of concrete would
not jeopardize the structural integrity of the building.

The "sloughing off" type of spalling is produced when high temperatures
tend to shrink the cement paste and at the same time expand the aggregate.
The sloughing spalling is experienced when aggregates containing more
than 30 percent free silica are used. Concrete using this type of
aggregate is given a reduced fire endurance rating by The National

Board or Tire Underwriters.l The aggregate used in all vital structures
for this plant is a limestone aggregate containing little or no fire
silica or other ingredients that would cruse sloughing.

System Studies

The plant layout provides significant physical separation between the off-site
and emergency power supply of approximately 500 feet and located at opposite
corners of the main building complex as shown on Figure B-2. This separation
is considered to be sufficient to ensure that one of the power supplies will t
available following a hypothetical aircraft incident. If; however, the situ-
ation is postulated that both power sources are lost the expected results will
be as analyzed in section 14.1.2.8.3 and the answer to Question 4.10.

In the unlikely event that the emergency diesel generators are temporarily
removed from service due to a deficiency of oxygen caused by aircraft related
fires simultaneocusly surrounding the diesels and filling the intermediate
building, the staticn batteries will enable the plant to remain in a safe
condition until the situation is corrected.

The emergency feedvater supply can be obtained from either one of the two con-
densate storage tanks or the condenser hot well. In addition to the redundant
dispersed wvater supplies, an emergency river make-up pump will also be pro-
vided, as shown on Figure 9-8 to pump directly from the nuclear services
ccolipng water system to the suction of the emergency feed pumps. Protection
will Qe provided to ensure operability of tiae emergency feedwater pumps
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including the energy scurces for driving power, The emergency feedwater
pump arrangement will be modified so that one 5 percent capacity steam-
driven pump and two 2-1/2 percent capacity motor-driven puzps will be
provided in lieu of the two 5 percent capacity steam-driven pumps original:
described elsewhere in the PSAR. With this arrangement the plant can expe:
lence the complete loss of all main steam lines and still retain the capaci
to deliver feedwater toc the steam generators. The plant layout provides

lSynposiun on Fire Resistance of Concrete - American Concrete Institute -
Publication SP-S.
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significant physical separation between the various feedwater sources as

shown on Figure B-2. This separation is considered to be sufficient to ensure
that at least one feedwater source will be available following a hypothetical
aircraft incident.

The fire protection features will include redundant dispersed water
supplies, automatic fire pumps and a piping system to supply yard
hydrants, interior fire nose stations, various automatic deluge water
spray systems (including coverage of emergency diesel generators and
station transformers). Activation of transformer fire protection
systems would cause, at the most, a brief interruption of off-site
pover. In addition appropriate portable fire extinguishers will

also be included. All will be in accordance with recognized standards.

Employees will be trained to handle fire emergencies.
Blowdown of Steam Generators

The simultaneous rupture of four steam lines and the subsequent blowdown
of both steam generators will cause the reactor system coolant temperature
to decrease to about 515 degrees F in less than 20 seconds. Immediately
following the blowdown, the reactor system coolant will heat up because
decay heat generation is greater than emergency feedwater heat removal
capacity. Reactor trip is initicted by the low primary system pressure
caused by the initial cocldown.

The tripping of the reactor results in tripping of the turbine. This
causes the main feedwater isolation and control valves to close, thereby
stopping normal feedwater flow. The abnormally low pressure in both

steam lines also causes the feedwater startup isclation valves to close,
thereby stopping feedwater flow through the startup control valve. One

of the two motor-driven emergency feedwater pumps, will be started to
supply feedwater, The turbine trip also causes the steam line isolation
valves to close, thereby preventing further flow of steam from the steam
generators to the atmosphere through the broken line. These valves are in
an area protected from aircraft impingement and, therefore, will not be
affected by an aircraft accident. After the steam line isolation valves have
been closed, the primary system will heat up to the normal 540 degrees

F shutdown temperature as a result of the decay heat being generated

in the reactor. Thereafter, tiis temperature will be maintained by
removal of steam from the steam generator through the turbine bypass

valve which is also located in the protected area. The secondary

relief valves provide an alternate means for removing steam from the

steam generator by aischarging directly to the atmosphere.

In the event that one <f the steam line isolation valves fails to

close, feedwater to that steam generator would be stopped as a

result of the differential pressure between the steam generators.

Further decay heat removal would he through the isclated steam generator.

To demonstrate that the consequences of the accident are not sensitive to
the operation of the isolatiocn valves, an analysis was carried out in which
both steam generators continue to discharge steam to the atmosphere through
the ruptixed lines. The initial cooldown will cause the pressure ir the
reactor coolant system to drop to approximately 800 psig. This is below

the setpoint. 0004 ‘ 39
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For actuation of the high pressure injection system, therefore, at the time
of the accident, one high pressure injection pump will begin adding borated
water tc the reactor coolant system. Subsequent decre:se of the reactor
system coclant temperature due to the addition of the co.ier borated aigh
pressure injection wvater and removal of heat by the steam generators will
reduce the reactor system pressure to 600 psi. is results in the actuation
of the core flooding tanks. The borated water added is more than sufficient
to compensate for the reactivity added by cooldown of the reactor cocolant.
The reactor will remain subcritical throughout the transient, even for the
case of having a 1 percent shutdown margin at 5S40 degrees F with one rod
stuck out of the core.

The doses which result from the rupture of a steam line have been presented
in section 14.1.2.9 of the Three Mils Island Nuclear Station PSAR. In that
analysis, it was assumed that the plant had been operating with steam
generator tube leakage and 1 percent failed fuel. The total integrated
doses at the site boundary were 0.88 rem thyroid and 0.004 rem whole body.
Rupture of all four steam lines will not change these doses.
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GENERAL

A preliminary study was made » determine if a containment vessel of
essentially the same geometry and de¢sian used for the Three Mile Island
Nuclear Station provides protection against prescribed missiles resulting
from a hypothetical aircraft impingement. In this study the hy . othetical
missiles were defined as having the following properties:

Case Weight Velocity Impact Surface
A 6,000 1b, 200 knots 5 £t. diameter
B 4,000 1b. 200 knots 3 rt. diameter

This preliminary study consisted of an investigation of the overall struct:
response due to central impact of the missile on a spherical dome as well :
the resistance to penetration due to a local material failure.

STRUCTURAL RESPONSE

A. Introduction

An upper bound of permanent displacements was determined resulting
from direct central aircraft impingement on a spherical dome. The
basic too% used vas the displacement bound theorem for rigid-plastic
continua.(l) The initial velocity distridbution is determined on the
basis of an inelastic collision between the missile and the structure.

B. Limit Analysis for Ring lLoads

First we considered a simply supported spherical cap under a ring

load (See Figure 1). The intensity of the load is "P" per unit length
(i.e. the total load = 2 7Pa). A lower bound on the limiting value

of 'P" is found by determining a stress field which satisfies equilibri
condition and vhich nowhere violates the yie.1 ~andition.

To obtain a lower bound, we assumed that for r 2 a
Ny =0, Mg = M,

vhere "My" is the fully plastic mement ver unit length. On this basis
it can he then determined that

hlﬂo sin 4 < |

2tPa =
cosd 1n ((1+sira) (1-sin?)

k(l*sin:) (1-sina)) 0004 ]43

vhere "2 v Pa" is the total ring lcad.

(1)¢. vartin, "Impulsive Loadiazg Thecrem for Rigid-Plastic Continua,"

- [
& ineering Mechs. Div., ASCE, IMS, October 1964, pp. 27-42.

L
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For this condition vhere R aprroaches zero,

2n7Pa
e—— = l.al”
MO

a

Determination of the Initial /elocity Pield

From the elastic solution for a concentrated load at the apex of a

shell investigators have ‘etermined that "r,” the length over which

the initial velocity distribution is felt is aprroximately 2V hEk

where "h" i{s the shell thickness.(2) ( Therefore the initial velocity
is sensibly zero for r = L
The initial velocity distributicn is considered provorticnal to the
elastic static deflection due to a concentrated load at the apex.
Because it i{s difficult to determine these deflections in closed form
for a spherical shell it was necessary to approximate the deflection
by several functions each one of which were used to determine AM
wvhich is the fraction of the resvonding dome mass attaining the same
velocity as the missile immediately after contact. These fuactions
‘ncluded the following:

1. Linear variation

2. Simple triogoncmetric variation

3, Variation suggested by a simply suvported circular plate
under a central concentrated load.

. Variation suggested by a clamped circular plate under a
central concentrated load.

For these cases the numerical values of "1 ", v, and T, are as shown
on the attached Table 1.

vhere A = fraction of responding dome mass as described before

Vo = velocity of )M immediately after contact

To = initial kinetic energy of the dome

D. Applicaticn of the Displacement Bound Theorem
Using the displacement bound thecrem it can be shown that:
w, U3 o B
l.SleO
vhere WoU 3. {s the upper bound of the deflection at r = O,

(2)K, Forsbersz and W. Fligge, 'Point Load on a Shallow Elliptic Parabaloid,”
to‘to apyear in Journal of Applied Mechanics.
(

3)A. Xalnins and P. M. Naghdi, "Propagation of Axisymmetric Waves in an
Unlimited Zlastic Shell,” Journal of Avplied Mechanics, 27, 1960, pp.

690-695.
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‘M_,", “he totally plastic moment per unit length, is conservativels
develop®® considering that at plastic collapse the tendons are not
carryiny, any load and that only the 3/8" steel liner acts as rein-
forcemiant with a yield strength of 30,000 psi. Therefors My, = 393,000
ib. fL/ft vhich results in a conservative lower bound. Considering
the previous cases for distridbution of i{nitial velocity, the upper bow
of displacements are therefore as shown on the attached Table 2.

The average value of 0.97 inches for Wo“B' is considered to be a
reasonable and representative number for an upper bound deflection.
It should be noted that this analysis provides only an order of mag-
nitude determination of the upper bound of displacement and based
upcen comparison with actual displacement of a flat circular plate
with "a/R = 0", that is a concentrated in lieu of a ring load, the
upper bound errs on the high side.

The conclusion can be drawn on the basis of this analysis that the
structural response of the dome does not produce a condition of
collapse., This solution does not consider the problem of lical

material failures which could lead to a more sericus problea than
the overall structural response.

. LOCAL MATERIAL FAILURE

on

t\n

A study was made of the problem of local penetration making use of the
mod

ified Petry formula, vherein:
D=k Ap V' 4
where D = depth (in feet) of penetration

& = experimentally obtained material's coefficient
for penetration
Ap = secticnal pressure obtained by dividing the
weight of the missile by its maximum cross-

sectional area (expressed as pounds per square

foot )
ve
7' ® velocity factor expressed as 10610 (1 * commnnes
215,000

vhere "V" represents the terminal or striking
velocity in feet per second.
he basis of "k" of 0.0023 the penetrations are as follows:

128' =

0,257 285" 0004 145

Case A D =
Case B D=

o on

beth of which are less than the limit established for valid use of
this equation.
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r = 37.0
. 3
. (f:b ‘
- |
|
Case 1 0.1667 5.8 ’
Case 2 0.172 5.6 ’ 0 €
case 3 9.228 .3 | o.
?
Case L 0.130 TR ; 0.
TABLE 2
| re = 37.0'
0.B.
wo
Case | (inches)
i
b | ! 0.995
2 ‘ 0.925
3 0.715
4 1.2L5
Average 0.97

-
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Appendix B

The stability of the reactor containment structure will be verified by means
of dynamic elastic analyses for the impingement of the total aircraft.

Fur the initial dynamic elastic analysis, it is considered that the most un-
favorable area of impact is centered around the apex of the dome. Consequently
the effect of a large aircraft impingement against the apex of the reinforced
concrete dome is being studied by calculating the dynamic response of an elasti
solid of revolution to time-dependent forces acting on the area of impact,

as shown in Figure 1. The magnitude and duration of the impact forces are
determined according to the mass, structural characteristics, and vertical com-
ponent of the velocity of the aircraft. The grid for the finite-element ideal-
ization of the dome is given in Figure 2. Based on virtual work, the equilibri
equations for the entire structure are formulated as follows:

. -

(m)d 'EE (k) + 2s(§ﬂ i+ (k)ds=r¢
where:

(m) = mass matrix

a(k) + 28(m) = damping matrix
(k) = stiffness matrix
d = displacement vector

Dots indicate time derivatives. These equations are integrated by means of
a Predictor-Corrector method with a Runge-Kutta-Gill starting procedure using
a computer program developed at Franklin Institute Research Laboratories.
FIRL is acting as Consultant to GAI in connection with this problem.

Evaluation of the results, in conjunction with a procedure previously proposed
by Dr. Steven Batterman and utilized in the study decribed in Appendix "B" to
calculate limit (final) displacements in a rigid-perfectly plastic shell will
lead to safe estimates of the size and velocity of the largest aircraft that
may impinge upon the containment building without jecpardizing its structural
integrity.

An analysis wvas performed considering the following loading condition (Refer
to Figure 1 of Appendix B for nomenclature):

S 0004 148

tl =
t, = t3 >0.16 sec.

The diameter of the impact area was considered to be 16 feet. Ia order

to obtain a preliminary irdication of displacements, this analysis was
performed on the basis of the conservative assumption of no internal
damping. Also to simplify the solution, the steel liner was not considered.
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The equivalent diameter of the fuselage of the 3707 type aircraft is
approximately 13.3 ft. The assumed impact area is considered to be
reascnabl;” i-Zicative of the impact area of such an aircraft considering
the significant distortion which will occcur to the fuselage as well as
the lcad distribution afforded by the concrete to the middle surface of
the dome.

The loading pressure of the 300,000 lb airecraft without impact would be

10.4 psi. Therefore the loading considered represents a constant deceleration
of the impacting aircraft of 20g. That means that the entire aircraft

remains intact and all elements decelerate at 20g. This represents an
equivalent load on the fuselage of the aircraft of 5,800,000 lb, which

it is estimated would result in gross collapse of the aircraft. Therefore,
this analysis is considered to be based upon a conservative evaluation of

the hypothetical loading.

The analysis indicates that the maximum displacements and stresses both of
which occur at the center of impact (i.e. the apex of the dome) are as
follows:

Displacement (in.) Stress (psi)
-226L
Maximum -0.98 + 354
-1832
Static -0.66 + 3L6

The displacement at the apex of the dome as a function of time is
depicted on Figure 3. This graphical representation of displacements
indicates that the most severe duration of the loading is equal to or
greater than 0.16 seconds. The static displacement is that produced
oy the 200 psi loading applied for an infinite period. Figure L
depicts the displacements and stresses which occur at time 0.16
seconds after impact which is the instant of maximum displacement

at the dome apex.

The loading considered in this analysis represents the case where the air-
craft with all its engines, fuel tanks, and wings remains intact and the
tctal resulting load is applied on the nose of the aircraft. It has been
concluded that the resultant load due to one or both wings shearing off the
fuselage and impacting against the dome will result in a less critical con-
dition than that previously considered. The static displacement of the
iome at the point of impact of one engine is approximately 0.l inches.

The displacement results from a loading equivalent to a 200g deceleraticn
applied‘(gf'an ‘nfinite period. The physical separation of engines is
sufficient to produce only a minimal increase in displacements due %o the
impact of multiple engines. This conclusion is further reinforced by the
fact that the wings or engines upon sevaration from the remainder of the
aircraft would be traveling at a significantly reduced speed. A further
analysis will be performed toc determine the dynamic response due to the
impact of multiple cbjects representing the engines to confirm the
foregoing conclusion.

0004 149

13-2 (Revised 3-22-£3)

|1




The conclusicn can therefore be safely drawn that the dome will not collapse (S
iue to the conservatively established lcading even if no consideration is
given to the significant damping which would cbviously occur.
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